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PREFACE TO THE FIFTH EDITION 


In preparing the present edition, which is in several senses a new work, 
the translator has been placed in a position of peculiar responsibility and 
difficulty. No new German edition has been issued and none is at present 
contemplated. When, however, Hofrat Fuchs learned that another Ameri- 
can edition was projected, he not only gave his permission for the insertion 
of such additions as in the translator’s judgment might seem desirable, 
but also with characteristic kindness himself supplied notes of many addi- 
tions and changes. These, therefore, as well as the many alterations made 
by the translator, are not contained in any German edition. 

The translator with some diffidence has made a number of radical 
alterations in the arrangement of the text, which, he believes, will make 
the book more serviceable as a work of reference. The many pages of re- 
marks, in fine print, which were massed as an appendix at the end of chap- 
ters or major divisions, and whose considerable value and interest were 
somewhat obscured by this arrangement, he has split into shorter sections, 
each placed in direct juxtaposition to the portion of the text with which 
it was related. Some of the more important items in the fine print he has 
transferred bodily to the text. He has also transferred to Part V, on opera- 
tions, the descriptions of various operative methods previously scattered 
through other portions of the book. 

These changes had the approval of the distinguished author. With 
regard to other changes, however, owing to the difficulties in correspondence 
entailed by the war, consultation with him was impossible, and these 
changes the translator has made quite on his own responsibility. In the 
chapter on motility he has entirely rewritten the section on the diagnosis 
of ocular paralyses, and in the articles on heterophoria, squint, and nys- 
tagmus has consolidated with the original text the matter which in the 
former edition he had himself added as an appendix. While, as always, 
the fact that matter is thus added or radically altered is indicated by the 
use of brackets and the initial D, so that there should be no misapprehen- 
sion as to the authorship, the translator wishes in justice to the original 
author to make clear the fact that the latter is not responsible for these 
changes nor for any errors that may unwittingly have been made. 

The progress of ophthalmology has necessitated numerous and im- 
portant changes in all parts of the book. Probably of most importance to 
the American reader are the additions in the chapters on glaucoma, dis- 
eases of the retina, and disturbances of motility, and in the sections on 
refraction, accommodation, and operations. The latter section has not only 


been rearranged, but considerably added to. Among the many additions 
ill 
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scattered through all parts of the book, may be mentioned the remarks 
on tuberculin and vaccine therapy, the visual field and color testing, the 
mapping of scotomata and the blind spot, squirrel plague and eel’s blood 
conjunctivitis, Samoan conjunctivitis, peculiarities of conjunctivitis in the 
Near East, extragenital gonococcus infection, inclusion blennorrhcea, the 
etiology of trachoma, blastomycetic dermatitis, superficiai linear keratitis, 
sclerosis of the cornea, the etiology of iritis, sclerosis of the chorioid, sup- 
purative chorioiditis, Elliot’s summary of glaucomatheories, retinitis stellata, 
retinitis exudativa, and angiomatosis retin, the different forms of retinal 
degeneration, the varieties of accommodative troubles other than paralysis, 
and the newer operations. 

The translator trusts that these changes, so largely made on his own 
responsibility, will not in any way serve to detract from the many excel- 
lencies of a book which, because of its author’s unrivalled experience, knowl- 
edge, and judgment, has for twenty-seven years remained a model of its 
kind. 

ALEXANDER DUANE. 
139 East Turrty-SEVENTH STREET, New York, 
March 16, 1917. 


PREFACE TO THE FOURTH EDITION 


THE translation now presented. to the reader has been made 
from the twelfth edition of Professor Fuchs’s celebrated book. 
Besides the numerous additions and corrections which. Dr. Fuchs 
has inserted in all parts of the book and a number of new illustra- 
tions, there has been added a whole new part constituting a general 
introduction to the work. This valuable ‘addition, comprising some 
sixty pages of matter, which is nearly all entirely new, considers in 
an eminently lucid and conservative way the general physiology of 
the eye, and the pathology, etiology, symptomatology, and treatment 
of eye diseases as a whole. The helpfulness of this feature of the 
book in intreducing and elucidating the portions which follow and 
which relate to the diagnosis, pathology, and treatment of the special 
conditions in turn, will, we believe, be much appreciated by both the 
student of ophthalmology and the general practitioner. 

The present edition, like the previous ones, contains both in 
text and illustrations numerous additions by the translator. These 
will be found mainly in the sections on functional examination, motor 
anomalies, refraction, and operations. For these insertions (dis- 
tinguished by being inclosed in brackets and also, when of any 
length, by being signed with the initial D), the translator is wholly 
responsible. 

In view of the favorable reception accorded to the previous 
American additions of Professor Fuchs’s work in this country, the 
translator has little hesitation im offering still another, particularly 
as the German edition upon which it is based represents an essen- 
tially improved form of a work which has already proved to be of 
value to so many—and of a work, moreover, which in matter, scope, 
and treatment contains so much that appeals both to the professed 
ophthalmologist and to the general practitioner. 


ALEXANDER DUANE. 


139 East Turrty-Seventu Street, New YorK, 
June 1, 1911. 


CONTENTS. 


eect, Lead 
INTRODUCTION. 


GENERAL PHYSIOLOGY OF THE EYE. 


PAGE 

Exterior or fibrous coat (corneo-sclera)............20000.c ccc seceeetadeceesuas 3 
PRECIP RCTEC RC UL EON | Peete MN We ALS oe pee ein UR oe TE Ld hee 8 
LIND ES QBSTS [EQ2 ia) ii cl Se ag ee ie ee a 2 a Or oe coe 10 
a see SON Pec ee en lsc Ec oe Sy cens aha oy Meroe na aap Mee ae 11 
irvemisttt@nmnee (NG EVM. ano 2 ofa. et oes ak ota oe Ae Gk ie eae aoe 12 
Nema Sie PERE REICCSAUIEO Met rs he Sic jes age yh ayia eta dee Boon os) OE 16 

GENERAL PATHOLOGY. 
Enyaical sources of injury (heat; light, electricity). ..2 2.00... 0ie00000eencess ees 20 
JET EELSESS nrg GSS 2 age Ce Are eee, Oe ea eee Oe Ire Om oe ere 25 
Marre OF CIN UV Ee Sou coh Se cicis cee boo eG CO ATO adr a 25 
LOL DUSUSTS TEAIGIOTaGS S10) (0g peas ee a eS aera eee ee 29 
AES CEO CERNE ete a Men oe hei O85 RE Role lg Pevs Ban we OR es A eat 38 
Senter INIBMROCLO CTA ECCI. © oooh ors <1: sod nbs sic sides akye iboats Stoeha aoa eee 39 
Sur pPLOMMs. AssOCIALed With CYC GISCASES..... 66.6 wi sn eto a ayes vases oe h See Hae bari 42 
GENERAL THERAPEUTICS OF THE EYeE. 

Seren ere PICNIC PEO TIURIONSY = yc. sie. 2 eno so Ld Aeatnis ae bhe ele ala teense hana eS ae 52 
nee rea uirh, PLESITE MAMCRSIN GS: so5 -%~ va-o.c) aleve + «: Sragdj ape. 280, 9 sinrays tlle eveseiaveyedanes 2 SUN oe 54 
Dre UPMILE ELE IN PANN DICA EVCANIG) Be 22 on cele Fe arin le cele 0 adie ile Bip! seele gile ter Ware ne ral is 
Ue ATICE CUI CL eee ENE EOS oe ne Cod, oe pico os eumteusie Oe lemmas AO. ov asin sep oiste Sega 55 
PRO LOPMCTAT YY AIG ACHIDOULCTAD VY ccs... oe a ie a elree nsw sar nities fale as aeuaenn «wlohe 57 
VDAC TRIED Re rah 8 es ar ee he DES: CHES rane erie cyan Reva alt in yi 
epee CT OOEA UREN Pt:, Sea. ese) ire Meliss oes oysip latin a edcne eathnasetAet a cies ate 58 
ipaGe eaten 0 0 ee 8 Senate: natin ey eee tno ope ono sso. 58 
MURS SEROEAS, & 2 gra aes oP OTE ity SPA PE eh NESE NPT portale) 
Tey RTOS, oak nal ee Pee ee en a ene ens Ort ena I ger care ibe 58 
syle? Trot (MRWEO HITTER, oo, Sener, Rn eee RO MEO rr iem ne ia heen Cicer ecm oar 59 
NAGA CS I LTLE TN ER cae ac oe eke ace ove OS PALE RCRD Oe uaile iene she an MTA ters 60 
[Shorr trays omit 8p or eee ee OARS Oph rena CU pean oie. Or oe an Bren car 61 

(is oceans chave Ini Het iacslabres hii y lccewern c Me CR iret oe eo eeirer, Seek iiely ORC ec atc ON 62 
Adrenaline.......... Re eit ces tah aes ei ge fed Tiaxd orale 64 

BID) roy e nna Deas zp) tags ale Sagas. Shy eens vb aiacar = DtiajeBy'tilged ah Sun wid a schiens sue. 'eadh5 ake 64 
SID COMIUN eM Val WijOCUOUS ae: 67 ac mile a cai aii oa oie ndnaty arian oi: 65 
ReMi Gara ee ciiso ead kaso te bre DS raldigo aes 2 foes > coer n cee > os oars all), 
Coryapsai| TUTEGH BRS SIE oe at ye, =, cane Ratan ee TEEN CHE OU care ee Cae teem Oh 66 
Local treatment; antiseptics and caustics...........0+-+ eee e eee ences 66 
General treatment; vaccine and serum therapy..............0+---++sseeee 68 
TESTS Gre iD i bsts ete Be, o Seeks OR ge Ce Oe 3.0. cree a ter Ore te Re rae 69 
Sg ak EL aes ABest a ORM ee a ea eC a 


viil CONTENTS. 


Pan eee 
EXAMINATION OF THE EYES. 


CHAPTER I. 


OxpsEecTIVE EXAMINATION OF THE EYEs. 


PAGE 
Rixanainatloncol exverlor Ol Gel yVeR amen mere emetic cumin eine aaiacr aetna ae test nnarsreare 75 
(Oyo MoVA anv; (0) heen Ree Oot Bete cas Amur OAs Geen ee te Goe ctee 85 

Buminbsirtysot the pupils cect tery ce eet ects eas) ok 5 Shale ee ena dae een 90 
Application of the ophthalmoscope—examination of media................. 92 
Characters) olamoria allele US haere nee ee nacre ere sora ee eee eee 94 

Determination of the refraction hy objective methods (ophthalmoscope, 
SITASCOPIW Jessen sarcey ota 5 i ch eterna eM Roe Cree nae terete oe meat en 103 

CHAPTER II. 
; FuNcTIONAL TESTING. 
Central ands peripheral visi One sey gs Seiten ie cote ea a ree eet a 113 
IB peMSMTR HOTA Ot Wars smeVGMOVI WAMON oon oc aoangom acounss aoc cocuc oe uuo see bub 114 
Extent of the field of vision; pathological alterations..........................- 119 
Vietamor ph OpSia wees wicca or ee ae ete cic wit ne Orso ence eee ee eres 125 
TDs ed IN Stes nico apres eee Ro ve, eRe ern Pe ere Paredes Gee re ite. Maka hae cole Oe 126 
SHUCRNDN ZH Kop alga) Mal CHB AKG Ua\sic\cee 9 Reda iateare enn AEE HON Peart hae Srytn: Wc pent chats Secs 127 
EAC Shp 
DISEASES OF THE EYE. 
CHAPTER I. 
DISEASES OF THE CONJUNCTIVA. 

Amatomy Of the con} Umetlvalevess aaoeinstteteie atleast eee ee 133 
Conjunctivitis catarrhalisyics «rere, ce seers tenor eeec teas outcry aici Wane Meee Ce 139 
BN GUIU Erste cre ese oti Vateseee ie Fe Ses Ra Wea ea UNE gn Poe aueTe escter reies tenet ee eee eI aces 139 
UB) ato) KG: ncn at arene ere ERR RPMI tr sg.3 Sorrresiccs Baus Oe aise. hTucksio no ek Wore: 147 
1 Sie) bu UU Ech a eee ee ren ene WP Ree BSc ecune their ers GA SC ee 150 
(Coyne auGh ee dos ado Coes occu ac nes oooh Ue soweob on Ube Gey uo Gon dSae a 152 
(pp lntiva linn aim COMA LON UMD aes argo si aecte eeclereerere cesar es seis cater ete eee tee eee me 160 
(ClopanibearcranvalstsPureKOoWvarP ht hscn noma mobatinds oO Sou cG ar ce cigs Sandedag suwen Je 162 
Clovarhnhaverer asta oho) MANNS ron ein oan o out gow olo mand conv cvsouogeoucedgurdoeeee 186 
Croupous and other membranes on the conjunctiva........................ 190 
Cloyainyaneken belo 4c lob Nitol thems Stores yh yeaa tycetiaulyg sao akumobns ene cog Go oUS ae 192 
Acute exanthemata associated with conjunctivitis.................+++-++see. 202 
Chronic exanthemata associated with conjunctivitis. ...................-...:.. 202 
A-CHO TOSSES" COT UNCLIVER my wisterca sheet enc aiaie tieve crea Cn reh merc nna Renee RTS or 202 
Pern pli gus icon} ui Ctlivesimcs/eucon eee ke mise eter ee ter tet eerie tees ce 202 
LUPUS COMJUNCHLVES. rane cadicicc detonate ee Ree cee REI 203 
Closajfbuoreiaiiyetmscaraakayhise (GChonamakeCeriRaAD) 4 6 vo. Gah uo wuccc cous San woousGcesouene 204 
Amyloid degeneration of the conjunctivar, 1.9.0 eee 6 see eee eae sts 207 
UMuberculosissoh the Compumotiveniee. ccs cee trac eeeeemenetert siete enamel reneeerere Sore. 208 
Uleers: of the conjunctiva. o: «\.<exteoh nists cies eee, eae 6 210 


iniumescor the conjumetiva: 2. icc see ce tae eee nna eel ae mn ts ial 


CONTENTS. fs 


. PAGE 
eT eis ee Tee cE aA ois dan she Sic nan gdh eek co mardi aoa, 213 
Pen OM UM Mee ay Cente 4 OOF oe dd Ch een k's ak ate 216 
SNP ME MEME MRC an I LRTI frei 5 ie ose A ee chord eect ee a ee 217 
EE SD RS STE ay Se en ath nn ARR ss an 219 
Extravasation of serum and blood beneath the shi ceettees Bote Cag oe Re EES Sa 221 
ermeegne GR WHY GUN OCRIVE Joh occa ys oes ROS Uh eke ees cl few cacen. 223 
Affections of the plica semilunaris and caruncle..............0.0.00000e00-0 0. 230 
CHAPTER II. 
DISEASES OF THE CoRNRA. 

SURI SAUNT, AE IPMENEI Sa 50 ios SR, 2 cnc kag. wide dea DRDO LLU etd ene 231 

Srumiealesamingtion of the comea. 0%... osc. beac. ow cc ce tcd oon ees 23 
PME 110 RE PUI Pea a ho ee dehy oka ied anne i ee 238 
Sere Men eal HUNT ECR tite ma ers Ce idan S Sek Sco ee ee 238 
SERN VONSTIy GRGrANIHIB Noo pes 528 vic.c foley RR ee ae 247 
PSP peel Wa ETALLUIS oto Mav. ree. oA cy Sec ote A eee ee 248 
Beeman COMmen sicher te ek 1c Go 2 et nc Ra eT Ee ene 248 
Uleus serpens cornee (and allied conditions).....................-.... 266 
. Gera Eiicie PAPO DH LEAL O22. roe ae ei ann the ah Cena mene eee 277, 282 
PPSes OST ESHESRGT SL Ne on amici. isle a hao yah ce 279, 282 
EGTA GEM ACT O PALALY {CBee pity ee apd Bios, hee Te Oe ae 281 
BIOM-HIppUTALVe: KETAbIbIS.< . 55 aaiess sais Seis. tie wo oe we tan eee 284 
SE PUPREMMESS seesece este toe Bake che, oT tev bays 2. Sick ancaacd ck Ske we ols poe ae Bae enc ear ae ee 284 

Keratitis with the formation of vesicles (herpes febrilis, herpes zoster, 
BOT AIA VORICUIIOBA) bocce tk Ate oe kiais Act ee 284 
Weraninin (uNchate BUPericiale.. co.cc sci eves oon cece eh etie valence aes 287 
Deepitorne et non-supputative keratitis 722 7aes. <cce vec eee 288 
PATENE IH YIRALOUG KEUBLIIS i. os, 22.5 aug cicid et. tata Maths ee Aiea One 288 
LSPS sk uies Th tages Fe Nal och OER eRe em ea he RES ReT UI MP RHE Sa cto Ss 299 
BN OVORIATE REA UNIS eco fers ix GIG ciate 213 whetone/ Seated aitorsuarer ea ion SR eee Se 300 
Keratitis springing from the posterior surface of the cornea............. 301 
ACEP ALLS DUAL USOTIDIA TOL UDCA: sence oo = en Besanebe a veka aie eles een 302 
(We apse sel Pejuisiway EULnly ers Gl peel aR PIPPIN eA Aln metrics Dorit as cmt ocoNccom: 302 
israinisantarorialign DEOLINOS. <aic.s 6 soltinn ie: a's a ao sie gt eveferie er eee 302 
SP ELECSOTACED OF, DHE, COLDCR s.- 2 cs = ajsyy Sy cose sot tuoi oh oth os aueunte © yates 303 
RRM IMENTS 9 Sa rete rine igh 0 Gis 2 tO peu 0 ge a 2Aetan are De eee Mente 304 
mm eave MT INR IE ONDE. ns igs cnr .e ats 2 0 scl eis Kes bial Sesh De oe oe Baal 309 
Opacities of the cornea; sclerosis and pigmentation. ................0.00e seuss ile} 
ICH GOLIST ILI Meo tle ei Sc nt Tad Wana» G-Pcue ui ad aE oa hue GR OTREE snciagere bMieetes 321 
Sor eM TG RIED 2 fe a 2. i did vipa nis pees kinrel RG Gap het alee ue he B22 
[OG REET 8 SoU LINE Sarg are a Cea CPRaRry AON, SSP RN a i arya: 329 
RG COTES eI ee Se oes a choad sic ain nok ain ota tts a et AOU) 
MEI LATUBORNG eeated 5 org a 9A aig scl 9 ee Ta Ose oe More edly Lae VTE 332 
SRT CCH CIRALE TS IAORTICH MOE Re rete hs we, 5, Aadtly, aiaiae athe) yin neg fondle cian ataye aera feianue 332 
CHAPTER III. 
DISEASES OF THE SCLHERA. 

Anatomy of the sclera ..........0 ccs cect e eee n enter ee ne este eb enenencnens 333 
Inflammation of the sclera... 1.0.66... eee ec erect n cee ese n een nene Shans 
Superficial form of scleritis (episcleritis)......- +. 04-6. e eee e eee eee eee es i 
eR Aree ye olcavegs Mot Amuse ah fo A1t Ste anwis 396 


Deepform of scleritis..:.........% 


5 CONTENTS. 


PAGE 

Injuries of the sclera—perforating wounds of the eyeball................-..+--- 339 
Foreign bodies in the eye............. ny ts Soa each nen eee hee ee eee 347 
Womipensationator amy tries seer tee eevee terra te ene eee 353 

Eictasias-of the scleraye.at anc smite oan otic. stOeie eatin: Gael een ce eee eater ae eee 356 

Wilcersand! tumorsiot the scleral aye amie tice cho cease ne) win, etree sl ee ae male eee 362 

CHAPTER IV. 
ANATOMY AND PHysioLOGY OF THE UvEA—EMBRYOLOGY OF THE EYE. 

AN ALOMLY COE GHG UVEAs sc 5 acu edewaies ci ovsooiia aoe oe arat> 7alaatie ae ee ee 363 
Bee etna Mate nach dice aoe a cad oletos a ann ES le Cis RE ne 363 
(GriNinaervehye clays OL ona eer Oia amir e Go Bertie ca rae SY der seat rane ore eee 368 
GHOTIOIE Wc cte hesrnctee athe Zo oie lo tla Hee Che Celie ke Re Ce eee 375 
Bloodsvessels tte. s sails tock os ines ass seek eget clare we oe ee 378 

Ab 1 ee Ne ee eR Ris RR ny ais 6 sc ese ac So ak 382 
Reaction of pupil and ciliary body to poisons; mydriatics and mioties......... 387 

Developmientiol the ewe eg secims,o0 09 canis ee a eestlwahe cn stro as Sete eee iene eee 390 

CHAPTER V. 
DISEASES OF THE IRIS AND CrLIARY Bopy. 

Inilanam a hone (ierbiss Cy Clibis sit dO=ciy Clits) ly teser eile ener nee enn 396 
SVM PLOMIS FOL LEIS se wy) cee ok te erens mie Merete ote oe ae ee 396 
Symptoms’ Of Cyclitist ew. acs elec lete eects eters ae ass a ee 404 
Differential diagnosis between IMU EMOTO ULNASUTEL = 5 Sg ence 1. oo an ee eae: 406 
@oursevan diterminetionsof initistand cy clinicienee ae eel erie eae nena 407 
JNM EH KoraAN GN Maoxohusverct thn) menKOKo=tonyANS! S440 ase gacgesee cea en ae 413 
Etiology and varieties of iritis and cyclitis; sympathetic irritation and oph- 

HER LGIUE ane eee aR IES Pek PUNT te Se eee pm a 421 
ELTeR OIE MU OlUnT GL SrenG icy ClitiC ates ee. a 433 

A AUTESHG eG OVALS 5 he ea. weet alata resnascn ae APE ee cata Pe RS ete 440 

Tumors of the iris and ciliary body (including cysts and tuberculosis)............ 444 

Disoncdenscos mio Wil itys Ole tlie “is sre aoe ye rerey ane nenenne te mere a 450 
IVI URTAISIS JN a%0y.3 ot na.2 ct crane Go RRO eae ee Seek eee ee 450 
IMTOSIS i atc cove: sro vie ta ov eceache A oom thee se te Re eee ee 451 

Paralysis and irritation of the sympathetic......................-.... 451 
Hippus. . Reece Mee eS na eet alot oe oud da peut Sten 452 

Congenital anom: nabes " thie ITIS x, « 5 nds Re Skee pe we leeal aia ae acne Ce 452 
Levee H SMtsal) joWwoV MEN TRAM OPN oe naa coe. ad ac cue og oe Re 452 
Golo POM GWG S o65-<-6 smu sche aon. « cd Cee te ees eee en 453 
LCL 00) ea ae eR acre) noe ie Pc 454 
Ectopia pupille and ectropion uve. ............eeeseevecevessessreecee. 454 

CHAPTER VI. 
DISEASES OF THR CHORIOID. 
Inflammation of the chorioid............ Aaa i PS RE AD et RR RIE Ey 455 
Chorioiditis exudativa (aoncupnus ative). Bite Oe LS on li efiegt ee ee 455 
Choricidal changes in miyopid..,..9)5.0e eee ae ee 459 
Chorioiditis suppurativa, endophthalmitis. .................e.eeeeeee eee. 467 
Chomoidall sclerasiay:« ...'/..c vs, «/sse0eresene ate eee eee nene en trie ee eet ee 472 


CONTENTS. xl 

PAGE 

permenant Of UNG PNOTION «65.6... «6. ecw nod vk evs ch Gade hao when dmwnecacen 472 
PSE Se EPS OS oe an ee ie aes 473 
IE ERC MCTOL TL oc Deo Re xc seb datatia JA ee hd ke 474 
SS SES 2S I rr eh rn oc rrr nr 478 
Congenital anomalies of the chorioid—coloboma of the chorioid................. 479 
CE 2a Bg: ag SOUS ens Oa oC a 483 


CHAPTER VII. 


GLAUCOMA. 
9 ES ee ee en re er ae eee S 484 
(NS RC, ee ne ee Re 489 
Puree Mette SAMRIOIEDONN go Pi oon Fan OR ca oo ee 489 - 
(CUS TIES EES) ea comin CAG MER Carag Nae WARREN SRO Mr 496 
JE SRUT SANUS N aaR ts eG ee en Rt eg AD eed San oe 2 Os 498 
SPOR HSH MA RIARI COIN ae a he Sci, aes eanee «Lit ere aba a 499 
Seagate HCH PEINIATY™- ClAUCONIR. oc. gp Favs tie a aoe aac ants ears eionthe more 510 
Se RISE ae ae eo 517: 
Diminution of the intra-ocular pressure (hypotony).................ccceeeeeees 520 


CHAPTER VIII. 


DISEASES OF THE LENS. 


fee TP DEES TADS) ea eR eee A 521 
Sorpnnp ioe OIC MCTIN GOCALA CLG, te. 70 3 oe ory as, ese hi iors hd eee ee 525 
NE eeNAG CIMT ATIC HUAIATI TA yen 09S, cE Soo se Bas Seas 5 ayer aoa ae tae 525 
MO ire ster HAE CHROLNC re As 20, acy xi oS oea wk oe Se odes Ce: PEE ee 530 

PE PERM SET PMR NAO = cioieatn (ne 2 Sut ahc ian anys sce hoe SM Ce ey GA ace 530 

Eo enenior POLI CALATAGE nt tc Si ioe ok Ses dies ete a, exe Sirens ate Ne 532 

Re eENReE ICE OVS a. o...e a. ASes Sua Sakae ee See. eet eae Ae 532 
rermucivar ier ilameliar) Cataracts... 2% ates ca aie die sfeariie sw aoe ero cesteene Do2 

“ESTEVES TC ip (61 tele 8 Ot EMR ea ere A 536 
eEGpreseiye "CALSTACL (BCDUGICALALACH)). co17 ogo. «10 cio eiaaye eyes Fae ten ee laysiil 
Bee ee AC UUAO, eee eve eh sialon stat sie Oe area, OES roel ele UIeM DO ee nt 545 
lena etn GEG PI on cy eas Raeyea tes Sinisa ene Cee 551 
Spire cree RIOT ON CHG LENS Yee = in lee: wia-sceed varie de os eke gneve rey siege dt epsre eure 553 
<pagenital anomalies of lens; lenticonus........2 6.00 ce k ea cp ee te ta spade ona ee ne 558 


CHAPTER IX. 


DISEASES OF THE VITREOUS. 


Mr Ee TIT, lis oF oak bees once te ooh ne Hear bain eine le Maton 559 
Opacities of the Vitreous ..........-.-: cece cece cece eee e tee been nate eaeereees 560 
Daquetsetion of the vitreous... 6.5.1. ete teen ce aren tae nwe arr eedes 562 
Foreign bodies in the vitreous; entoz0a ........- 66sec eee e eee e cent eee ees 563 
peace ToT mCHORT SRV VCOUIS tee orice ora «ar ore slae 4 sie eee ami benudogeniriyermeen wiser a: sre lore 56 564 
Congenital anomalies of the vitreous.........- 16.6 e eee e etree tence eee eens 564 


CHAPTER xX. 
DISEASES OF THE RETINA. 


Anatomy and physiology of the retina..........-6 0.00 sees cere eee ees oe 
Vascular disturbances; hyperemia; arteriosclerosis; hemorrhage; anaemia; embo- 


s : a 
HeMtr VPRO s . fits Fen cine a dale ao ona Sas HOD + OPE sew oe nea ee 570 


xil CONTENTS. 


PAGE 
PROGUIMIGIS Gere espe acne gee eosntite g BIG ST ea oA Nee Ms rei oboe orci esi IS eee tee eee 577 
Atrophy of the retina; retinitis pigmentosa and retinal degeneration...........- 585 
Anatomical changes in inflammation and atrophy of the retina.............. 589 
Detachmembtrot whe revi nieve seterces errr a aiete eel ete) eet aie eae ae 590 
PEMIEAOTS Of Gh: HOUTA a. <2 5 secre erate yet wleny ovoh esol tower fe eter Sie tonePeneNeta = elaine Sa 596 
Inj Umiesvof the reuinays pj cease ceesth seats crctens aren ero ena Sek eee 599 
Consenttal anomalies: ot tine eum cue tweie ites tee eee eee 599 
CHAPTER XI. 
; DISEASES OF THE Optic NERVE. 

Anatomy of the Optie Merve: s. ao st ehs uc oe ale nee aoe me Le eee ane toe ae 600 

Continuation of the fibers to the cerebral cortex; decussation of the optic 
MOT VERS MOTTO DIA a,c ree Woke Su ais te ears See te at ee 607 
IELyMeremiiavok he Oytle MEL Versys aie ek ree cncu eas oa Teese ee 615 
MATA OMNOL WASTO DULG: LEIsy Cale pee memet terete ats) eae 615 
INeuritistmtra-ocularis® =... ..5 se ae ote ot Oko eee eee Ree ee ee ee 615 
Retrobulbar neuritiss.c.¢..2s.0 Se tes ehe cetere Se oct rey tee ee ee 623 
Atrophyaof the optic, er versie cures oracle = sue eet eka Sree Sc, eee 624 
Bios Cheam O PLA «saya suse Med cp eraesed « -as Soy ade Ree ge censor ee es eee 627 
Impuriestot the optiemerve.. «ee es. saci Settee ee ee 630 
Mumorsvolithe Opie MeLven.<as 2h Ac ese eels ele et eee eee 631 
Congentialianomalies! or thexopticmel vena. sitr oettimyeteirseea eee ee een 631 
Dishunbances of vision) without appavenin LESIOMe = es cres ern ate ete ee 2 
Congenital amblyopia...... ‘acid date, ov pte agie> 5a Otay SORT ORSPE REO NETS te ee 632 
Amb livo pia) GX‘ ANOPSlals. .. aco ato ates Gore cis + caer oe ee eee 633 
Hemeralopia amd my cuallopisins seyret te area eerie tee 634 
Colomiblin dines i. 5. asciccers aca clee vee ate ote cfs aS ee 635 
Amblyopia and amaurosis in brain diseases...................---...eee-- 642 
Deimbillatime SCOLOMMY,, 52 < «risus o/sice eee ore rere Ie rede ae ee 643 
Hysterical and neurasthenic amblyopia and asthenopia.................... 644 

CHAPTER XII. 
DISEASES OF THE Lips. 

AT ALGO Veal Cup My SIOlOpyaOt tens stmt tees 647 
iGavaknnavoayenr(eyel foie ielayeytelannl Coe wn | 4 gana doa cs ce 656 
Exanthemata (erysipelas, herpes febrilis, herpes zoster, eezema)............ 656 
Bhleemomoushinitl arom ertlmie ves esis oie ee eenener eaten eaten 660 
Uleers:of the skin of the. lids. ...... 1 bs/ey 60cm. ou ee orem ana ane ne 661 
Ciidems. Of Che Uda) ss. ..05 4,e 0 0 da ow. osu ea a rc eee eal 662 
Mortufication-of the skin of the lids. \ ... <0. vl. esas Caio eee 665 
Dystrophy of the skin of the lids (ptosis adiposa, blepharochalasis).......... 665 
po) Other cutaneous affections, ...../.<...cs.+ovvs sane d geen 666 
Inflammation of the border Of the lids... ..v.s cv ee «tev avian en 666 
Hyperemia, blephanttis..... hats. os caw nav albert eee 666 
Phthiriasis palpebrarum.,..% ..s.. «+s /.4 esas ce enema 672 
Diseases of the palpebral glandsy.........0.... . cass os Gena 672 
Hordeolum eSlinysiiend 4.3 94/206 “situ ancl dee ahgiers ioflenelond Wie ee eee 672 
OCA RRM 673 
Inferets of the Meibomian glands... %.........s5 ):s5 00 eee 676 


_—— 


ie lh 


CONTENTS. xiii 
PAGE 

TE ES ee ee 676 

Anomalies of position and connection of lids........... 0.02... eee e202. ee ee. 676 
Senter Mn AMERIOR INT eS Pot hs 2 oe ic oe oe Pe ee acc eck, 676 
een RM ae ee de a ee fi od 678 
MME eS Me, cn as. os Seine Es blo 3 eg ee 680 
GRE RG te ict ine, cna ces Ve gi ROG a MRL kas 683 
Se MUR rae oe eee ok 8s wi cat NOt on the OM vnc g a Me 684 
TS 2D a thee Rg Oa ae a ea 684 
eae RE OR Re oo cu i gl te ee Nk nee 8 685 

Proseior the palpebral muscles. 2.05... .6.6 00. ec em oe oe es 687 
Spasm of the orbicularis (blepharospasm); paralysis of the orbicularis...... . 687 
Paralysis of the levator palpebree superioris (ptosis)........................ 690 
Spasm and paralysis of Miiller’s muscle. .................0000c cee usccuns 693 

UAE PARNER raed hc 5 Sano ua eek toe ae ee 693 

OTT ES 5 a oo a nn ae oe ae a 695 

Congenital anomalies of the lids (coloboma, epicanthus, ete.) ................-0. 697 

, CHAPTER XIII. 
DISEASES OF THE LACHRYMAL ORGANS. 

‘Anatomy ERTS LOS TS (CT a Re-seal ae RR” Se Seg SR ene nd Cam Om Lt 699 

CIE OU ELS COT ONELCH 8 el es Com a 5 so shit + 8s OUST tReet eee 704 

Wacryoeysuus acuta (or phlegmonosa)..... 2.5.2.5 066.0 secu mectaehaaeente nea’ 709 

ripe een MACE VOR SAT Rg oh aye de noses $4 Suan a Gers oars Lemme 710 

Bipiphora and absence of lachrymal secretion....... 2.0.02. 0 0000s ceeneederdee 711 

CHAPTER XIV. 
DISTURBANCES OF MOorILity or THE EYE. 

Anatomy and physiology of the ocular muscles.................. 50.00 cee eevee 712 
SERPs DAE en TERETE LOU Meee Ly noo PU Peas (stente eso cususlos aoe eal Ir ey De Reel 2 
Action of muscles; monocular and binocular movements ..................... 715 
Nerves governing ocular muscles and movements......................005. 722 
Projection: binocular ‘and stereoscopic Vision: ...4...... 2.4 sam oa eos one 726 
Binocular diplopia; theory of space perception; fusion; monocular diplopia... 728 

REECE ANE BOLO AL UES CLER a: Worf) Ai. vine! '5/zyav0 see. 9 ala aie ars oie pen ern aaa OePee «ats 736 

Ser peeeses Tema N CN OTL ANEMIC CR has fre cea q) Phalsces2.ci cutgsts oc 3) vie sas clDeaye i tend ene yo seehy 758 

fer eNO Ee Unie COMINGS BOUL a a.e ais a ele in, efchab sie vreleinug 0 ane 2 atidla/ ote is ev Rn eae 760 
(ras Seth San tath ile eae ree Ree CeO IC Re eee COI eet ah ini TE 760 
SSA TERY ONIV LILES CUTIE eae eta ets "ot ch yoe a) us @ nie eo hs o's etaracs: v2, 8 andl nfo cet eee ot eames 763 
TSS Se 7 Ree a ee ee ee Serra een ne 765 
@lassification and diagnosis of deviations........ 0:0. cenvnencemn sue non tien 778 
POMC ACC VEE LERT SIMU cine, occ) cree air vet ols od bine wien let ere Bases 779 
Bare POU PANCCT VOL OGM OACUIT cant ave utiles « wept? ok ey ouete a AGERE hia ry 782 
Weve lope ANG PLORTESS Ol SCQUING Lecce ils «ein vin svars einer iris ayerols ole eieytie alsts 785 
a ERAT AG TACRILI WEINAODN ORIEN 57555605, sects 288, 41)9, «(ele de wt eine Fm waa Lee one 789 
Symptoms and treatment of heterophoria and squint...................... 790, 

Derangements of the associated parallel movements of the eye..........'....... 795 

Pe rata TNS ANG ANS AHL BARLN, SP clade oc wie ce salem o aiialgin oad BH eles oe eae sa oie 795 
Nystagmus, pseudo-nystagmus, and searching movements ................, 798 
TO Feeraysfietinegel erevapicelaavetan (fp Aoey ee ea ees EIR. ole cur Me SOR Cac ee 802 


x1V CONTENTS. 


CHAPTER XV. 


DISEASES OF THE ORBIT. 


PAGE 

IAN ALOMY: OF, Che Orbit ms 2s 5.5.) a pevars cia ete? oicva oles alas eyo ete Re cane vetoes hel tae 803 
Position of the eyeball in the orbit; exophthalmus and enophthalmus........ 806 

Abert TUT Ul OTN She os, oa ue rae bets ts cee 0 os ee ra etch See TeV toe co eet as ee at eee 808 
Inflammations of the bony wall and the periosteum.......................- 808 
Infiammations ot ohercellulan ussiue y cellaliticn semnys ener tanner ne 810 
Mbrombosigrois bhevcay.ermO Us) SINUS yer te erent ate ree ayes. 812 

FL GTUOIUILIS Sev ecescgee We. Pe Pes Reb A w waeh ce) Raat oF Lt Simein At ets ae og area ore er 813 
mUrTes-OL the OL bitin. scram eehd am oleae te Clerc me ee I aie eee ee $14 
Contusions of the eye; summary of appearances........................... 816 

I Byrsrere Kony /deeouic(os: clay, cavern, evar oer re reo rarmieec tea ens oar as ols rele cps ate 0 8 817 
‘Munaaops| Lowe Tula OseoytnP oyalllce inven CodoyolanclarMTHUES. se Ga oe Cece nen eee 819 
Diseaseionthercavitles! Ady OUI 2) be) OL DIU emis eres tees ee 824 

Pre by: 

ANOMALIES OF REFRACTION AND ACCOMMODATION. P 
GaGa oys LOK UC) iy ae Sema PRE a ROR aan re eh as ea Se Li Seine tee SCS 829 
CHAPTER I. 

Tue THpory oF GiassEs. 

Marieties:andsproperties Of lenseS.sn. <0 asses nelle eles ne See io sie Sas a 831 
Comibintartionme ofa lassessartss cree: ostea oe eve came renee een ee 835 
FP EISTU NG Merce eae ay dees is ws fee alee the ree pen pee eure ke Sa Ar oc oe APTA eR yo ee 836 
Noe ysvevenorGl, Gyohiicinaay rounds soon Ghee adcuae) sono ool Gaccee. Ae e coco e esc oe 
Sten Opeicispectaclesin., swe. cee reve « ctete cos Sic Rrcrs hye tens lore eee ane ee 839 

CHAPTER II. 

OpticaAL PRopERTIES OF THE NorMAL Eyn, 

I RYENiE NO Molar cect kere he Achaea ER RTOS ORT Lem cne Ce ROR OR Ae Ae Hea ete Bae ay. 840 
AVGES(iIE EE Nei illinois) a iN OLA ine Peameeen.taA Cis enn are Woe cece oMiatatind ae S41 
AN oyefoj nah acvalohy No Were Tae ECD Sarr Mee mi ic | aoe se oc ee Rome S48 
Meastinementioleccomn oc stom, +s.) actives eieeie oneieeieieienereieta are aiensnn ae 853 
Changes of the aecommodation with age; presbyopia...................--- 859 

CHAPTER III. 

Myopia. 

INEM AUCH Ge EteUoMUMRBLON cog coed oe  ocdhs ocr once onncnee doc ar canons 864 
Tey MICA Oleh COUNSEuCE Uses hy GNC TINCT tei eet nent 867 
CHAPTER IV. 

HyPeRMmrROPIA. 

INavine and’ determination... ...%). yates . sence sinew Dene eee eee oe 878 


CONTENTS. | xv 


CHAPTER V. 


AstiGMATISM—Tur Correction or Rerractive Errors. 


PAGE 
Rear eet MSMR LS 8 hk as cie yo whe eee. ce wie bes Re mies 889 
Determination; ophthalmometer; Placido disk. ........0....0.c0ceeeeeuees 892 
enna Sea IEENN LE Ce eP St OOS cls card a's ooace a arian ovale oa ea ck teer 899 
Determination of refraction with glasses ...........0 0c. ececeececcceececeveucs 900 
Cycloplegics and the correction of refractive errors.........0..c0ccceceeeeceuas 901 
ORR eerdee Ser Mn NS ns a hen domaite in ox on Paces coeea 903 

CHAPTER VI. 

ANOMALIES OF ACCOMMODATION. 

EA SION Gy CR OCOIMITN OOO a) jena sic ce s c-scmle a tcc hocis hese MO ee oe 905 
Beseatog EUs nCIb SHA CIEIVER CIENT 9 ele costes systema oe Sickest s GS A Ho ae ee 907 
Excessive accommodation; spasm of accommodation ................00eeeeeee 910 
its cist teeter MA GEO AOU SIY Cy. ok pate e-W. ots om cis area AOR. atv ee cae De ile 910 

EAE ee 

OPERATIONS. 

CHAPTER I. 

Eye OPERATIONS IN GENERAL. 

ASSIS ANC) AAUISePRS I GYS OPCrabions .2. 6. 26.4.0 ssa04 dee ponseved deca waes | 913 
Reet CIE PAP PIE ACA OTS Ao ags ots a re ens Re Soe ele had eet Lilet hee DE ele ae 915 
RuaeeUt ere OMEN ELA DOE RINOUS fees fice 8 se oh 21s gb reresol sto musi; oe sina soe cole cee 917 
Character and shape of incisions in the eyeball.................. 00000 cece ee uae 917 
Maintenance of proper PORNOUNOL AUIS’ wor tlctA ote < hoo oe ope a LP een i Ee 920 
Hemorrhage and loss of aqueous and vitreous in operations.................... 923 
Po recrirtss OAL POT TC OMAN Ge i qls aren oon «die ees Hed boo ee ba ERMA «Oo Hane 925 
Be rertbay EAI! (OPEEATONWOURTG. coi ec 2 oc sale 2 0 xs ole A seine © bith ae se arenare ol tte 928 
PSiSnecaive SUL PMUAMON ANG ATIIS. 21, 06,0 Soe cee week Meet esate eee. 929 

CHAPTER II. 

OPERATIONS ON THE CONJUNCTIVA AND LACHRYMAL ORGANS. 

Hr euteraotOm Ene teal DASSAREE: 7c, 2 3. cos cialrte Aula pence ae nt ua ote e ee eee ae 930. 
SAT aba Pas fa 03 (7) 075 aa 2S ee Pg ara aS AL RR TOR Pe re 930 
SMG uletee uC sALOALCULL Stet et ocr A aa ono)? 8 eerie ahele vie a oheta a tiobaye layehomiaga (aitie oe 930 
‘SyagiiaG liars (ae fe (Vic ea Oh a nen Oo a PEPE Acie aetna Ye are 932 
PAREN ch mo OmUTeTOUN II ODHEe th sei ae ek trails ae wie Cera Sie eects fur ee caches yee ee aan 934 
Operations on lachrymal sac and glands ........... 0... cs ceereceneeseseneeeens 934 
DD stem OCU BUT OUL RR cn tetas se arena, tate Dele anny en tuMOl Megat, oa leeaRAEN Oe atten 934 
LBS (his GPa SAIT S16) 0 1 9 ee AE POS CPE CR MOR a POR Ct EI Ta ID AO RG aR Ce LO ac 935 
Operations effecting permanent drainage..................54. base roe 2 936 
Hepa Ouse COVINA: PIANOS gis ceaty te a0 fo icin 4+ Tote eden situa ative ale ornare 4 ale 936 
eeraplOn, PRORAARE, BEA PVALLALE. 5 occ. soi oe veo af coke 6 cram gms ates « ninngpaio’n bon vine 936 
Operations for pterygium and superficial growths on eye........... 0.6. cee eae 937 
Prertticnie fOr PYINDIEPORTOM 0.5 vse s kode seed ee eda ceded ee eew ester tnees 939 
HOnIne OURO MTG W SUL CG=64. Gere yo c9) aoc leg cms aie tole ate Mics alae «Sle waualcis os 941 
Dpemiieeribatons UE COM FUMCULVA ii ae se. yi. ete Cre ee tae raed e tes ee eed 942 


Peememy rercimion OL retrotarsal 101d sy oats 6s git ec Ve teh rte ne eee aha et 942 


XVl CONTENTS. 


CHAPTER III. 


OPERATIONS ON THE Lips. PAGE 
Removalrofecrowbis:(chalazia amc lic tury Ox) ree ete eens tree teeter ene 945, 
Operationsstoritrichiasiss.ocnasurxs dct coat a oe one eee ee te eee 944 
Wan tho plasty ecto ker wae there tavels hte ae Ac ees ce oy ease oe a 952 
GER SOpaM MON 55 cc eens bobo cour ee CO ht sonice fue Reet Rays hee 953 
Operations: for entropion s:s 3c ae eo saece-tl= tei ee erates eee ee 955 
OneranloneomechrOplon sole plan lastiyessit serrate eer enna yin nnn 957 
OPerations fOr PLOSISs accu mwa ics tic eictoss len ors es eT are ea ee 963 


CHAPTER IV. 


OPERATIONS ON THE CORNEA AND REGION OF ANTERIOR CHAMBER. 


REMLOVAlOL torel oni nO Giles yt LONG OIC series try ene tees eee 967 
Keratovonaysamclker ate Cu OIA yee eis ota ttrereeeeete e tei 967 
Operationsifor staphylomaro. theicornen=es. a). eel eee eee 969 
Operations tion: keratOcorllseprvysrs alee tee teem s eee ee henna 971 
INGLALO DIESE Yee cia ok Sevens. cage re aac oe cache eee ee en Ee 972 

SVE ELOOINET OL (COLMEA OE cateyacin frat coe eG ae ae Cle ee ee 973 

Uiridectomivas since warcee Sian a eh tee hh ake Aes a a ee ee ee 973 

PLUG COMA yee vs Peawe se es cx ir nash We cecusy esta RAS > ce eae fay Secunda TA ee PES sah! a! 

MTT OCASIS ae eka a csck ohad aitee at sR Anas NOM ree ee a ne 983 

AD LELIORSElELOLOM Ve AM OeeClereCuOld yp spear mesa ca et i aaa ae ee eee 983 
Lagram Gey O pela Ole nrtccntery te kas bye de ian es oe Ase ae ce ee ee ee 983 
direphming andirelsted opera tonsa... ta...) See eee 984 

Operations for opening chamber angle; cyclodialysis.......................... 986 

CHAPTER V. 

OPERATIONS ON LENS AND VITREOUS CHAMBER. 
Discissionvolsoltscataractspyscct cepa ce coasts tee alae sal rian ace ne ne ee 987 
DisciselOns Oh memilorano us Ca GAC Us emeieaicte ciety iomne rarer taieteie nearer nearer tena aa 990 
WIXUraACuIOM: Of CALATAChiencia orcraie, Sacussath cise mockacs Sik Uo eat oe reieics ats eke Secret ne ene ee 991 

ASA SX ETACTL OM ven dpctaie ces aie easel ae arctan e oie bs ae emi 991 
Flap extraction; combined and simple extraction; extraction in capsule and 
OUNET INO CULICA CLOTS ye corer era atc roar a areas eee <ec- 993 

Accidents im cataract operatlons+ mesultsa..ew. eee scsi e ere tienen aie aielcreer nen 998 

LALO AY OH CE ENENU ONTENTS S 4 ou) ncn nn Gog uiaocoouy bbc assorabr osqouee 1001 

iRYsvanWonrgayimoyi cehisloyermiaWNG Nn baw A ocow oobi od ind boo-pacqjasccho ase ee 1005 

Posterior sclerovomnty seer wa crac valerate" (aia asta ee 1005 

Removeleoitorergnm bodies trom thierey.es wrens semeneenenenee tere enema anna nnn 1006 

CHAPTER VI. 
OPERATIONS ON OcuLAR Muscies AND Orprr. 

PGUIMG OPELATONG. <4 sia nis. a, brs ¢ Sivas sab pieinl oom hm nce in eee eee ee 1008 
ACM O.BOUINY,. spots ss fa /ane 55, rotsia ls ve Whose Seat ree CPCI att SCR eee ae 1008 
Advancemient. mese cilomy vem COG UC)siin pose is aneien teenie een nn 1015 
LAX Kerr Hoya atoyerLopvETouM LVL NMOS, oe ea nose ce Sac Sk 1020 

Hnucleation.of the eyeball s,.... <.).n\ oles cccce ciymereteiel leak einen ane 1023 

Hivisceration:of the eyeball 7. :.c,\y ste ule v yectete aetna eet cee ee 1028 

Optico-ciliary. nenrotomy.\.....'.. <. «sis ksl< a 8 eres ye eee a ee 1028 

Removal Of onbute lit amore yea) ere eeure eeene erence nee enan 1029 
Hxerteration of orbit... :< ..cci2Wkn ake oa seattle a cee ene 1029 


ILLUSTRATIONS. 


COLOR PLATES. 


FIG. 

ASE OR a a ae: 
Pere warionies of ihe normal finds, ac4 5 cece eet See veins nee video sha deals 101 
Mamueasinmer tn mrberiosclenias.<. oj... ss. <c- s ess s osc enoa ve vavseweldueih 571 
Deters SoU ees a MO RTTU A  VOGSEIS 1s ax" eeevalyy aici s ect cc Al ey 8% ddan sce vce@etebus 579 
Boe NUuAMMAWONS OF THE TEMA... ec cw ct obs ck gs ees cs nbn ws 581 
TEXT ILLUSTRATIONS 
“. WESURS STs SiC Te. VPS epee ERR ee ee eS 76 
3. Berger’s binocular loupe with electric attachment.......................... 77 
Pe MMER SPE TNTUNTIS TICLE -ceet weer eis sie aoe eictalc et Bee rae es ensue ws A onda aiegig lean 78 
eee eee OIGIS KETALOMELET. 65 5/5 cried ecu the ob ee hd eek bed e dene od ens 80 
Re erictentet— SRMOOE eS FONEX TMAGES. 666 fone 2 enue = 5958 w stave eaisiaedia.w oreo 6 eat enor 82 
ME eu NILVR DA TRMPIINE LOL che eaten ut MR A Fed say phy sud wie aed Mk eee SA Ce 83 
REEL PEMIC MMOD MIUNE: PONOMENEY 3), <a). se eye nee Woh Aore ss poe ede one nee 84 
9_ Principle of Helmholtz’s ophthalmoscope..............000000eeeesseee aces 85 
mae PTMISSIFIDI AMES oe eee ioe ate alee, wy ie © Masts gece eieky shins edctbee 5 Bt ae 86 
11. Ophthalmosecopy. The direct method with electric ophthalmoscope......... 87 
12. Ophthalmoscopy. The indirect method with reflecting ophthalmoscope..... if 
13. Ophthalmoscopic examination with the erect image...............0..22.005. 89 
14. Ophthalmoscopic examination with the inverted image. . 5 Tee ee eee OO 
15. Path of the rays when the eye is focused for the source of light... Re teas aoa: 91 
Maenmiinawon at luminosity of the eye... 2.4. 0660. «prim oom ese meee nee e 91 
17. Visibility of opacities in the media by means of the ophthalmoscope.......... 92 
18. Diagnosis of the site of an opacity from parallactic displacement............. 93 
19. Wiirdemann’s transilluminator or diaphanoscope.................0..0.00-0% 94 
20. Normal fundus of the left eye, seen in the crect image...................... 95 
ret ohthalmoseopie picture of the optic nerve... 2... 00. ee nee pewiee ene oe 96 

22. Longitudinal section through the head of the optic nerve in a case of scleral 
Broa iRS TEM POLALBIGG! gcse ek mie eiinmiaieie amerelelte cule putes ars kore 97 
23. Longitudinal section through the head of the optic nerve in a case of chorioidal 
PSR ET ea O VEMRDOLE! BICC! ec o.ers. 2-5) aa ole ees cue eons io ardent ens oan ae 98 
24. Longitudinal section through the head of the Ai. nerve as shown in Fig. 21. 101 
he, “UP PSE IE TP ev WMS hb <p a Fees ee ga ee ga nae 104. 
27. Fundus of an albinotic left eye seen in the erect image........ oe Me Se. 104 
Da mOGrrectiom OF INvOPIa DY @ CODCAVE ICS... cc..je cane sae tte eas cee s 105 
99, Correction of hypermetropia by a convex lens...................s es eeeeeee 106 
UMESENG UMC MTINY ODI Buea tela, ois 0h «catia Fin <tr nina oat ara etale ala arenas 108 
MeESa daw CopimMnDEIMetrOpls, 4,.4 1 pale eae nolo de cWlitie a nels ev uit sees eee 109 
32. Parallactic displacement of the inverted image of points of the fundus, lying at 
TGLERETATA LES Cpe EMT tats Na owec liek ye ran eker sais terse aol a alent ce egret chn ait 112 
33. Plot of field taken by the confrontation method. . : ; PASE Oe LL 
34. Tangent plane for plotting central and cain se eotomaaba, a field of fixa- 
tion, and the double images in paralysis. .«....---+++seeseeceee cece eens 117 


XVill ILLUSTRATIONS 


FIG. PAGE 
35. Projection of the visual field. <...5.4.-a0ecsad seareve cers empe eter meee 118 
BGs TA DELI e FET sees bo wthac a: con kaos bensl acct ace, nw mney age he ele Pp a 118 

37. Field of vision of the right eye for white, blue, red, and green, for a test-object 
20 Mila, SQUALL... Ace den voe ie siekvle o ota eines memoir imeuaialn gees ee ere te 120 
1-H ad M nro olitavehts) ofe] eee mace AA read Henrie nnS aA ama one nace dingo geo. Gh utes 122 
ZOmRetinalime Gam Orpio Delaney ee yria aettenoe eee ete ae atelier 126 
AO Photometer: Of MOrstel ass gacteekéus s2.peeneais ones abe Seren est at etme eer 127 
4) Perpendicular section through the upper hd. 7 0 en5. scene penny eee 135 
AD MAT ETICS Ola lO% Wp DEL LC aay aac en pees eee eee ete oleae tees 136 
43. Blood-vessels of the anterior segment of the eye...................-....---- 137 
AVAL AN Kepasahatell saleuinyAord covet OSMAN oo oo kacac aye oauunehcur coe cdooonnbn el. 138 
Aba Koch=W eels! Dacilliisa..0 ne ern chen: s se eciens oreke act teen Oeae eee ee 143 
A Gam loraxsAcxemiel Gish clip lo ae ci qyene tee ere re eae etme eee eet ee 143 
47 Secretion of acute blennorrhoea with gomococcl ... 9... 7. e-esee eee eet 152 
48° Schematic section through the lids and eyeball...........................- 164 
49. Cross section through the trachomatous conjunctiva of the upper lid........ 165 
50. Granulation from the retrotarsal fold of a monkey......................... 166 
51. Trachomatous granulation from the fold of transition....... ............... 166 
SAC Normal upper lid. evexrbedia . am cwiss cue ache nea <email cee ee 168 
HAIaUp peralicimrold «tra ch Onn el eyyeTue Clits ies sets etre 168 
- 52C. Drawing of the retrotarsal fold up over the tarsus........................ 168 
53. Cross section through the margin of a cornea affected with pannus.......... 170 
DA Parasites martial Cl Ont, wore fac eaters: o.ctserekeralerskeeen yrchere) eae aac mere eee 180 
HoMcZemmatous enlOresceMmGe IG en LiMn ols aria erst = ern nee 192 
SOM OLescemce in the wCOrMeal sm, ance ee cisin ce eects caasie ciel ire lene ee 194 
57. Spring catarrh. Outgrowth on the conjunctiva of the lids.................. 204 
Hel, Sowa Gauenada, WOyenfenronnavertne wlars bua, G50 oon ee 204 
SO}, “AUloeRRO ELLOS VOT Wale) Cova WU so5  GqeacooancsAoc Adee Coch ow one coe soe 208 
(COS a SHeryyallOh Gu beatae MRR ane ern aut ie y ter eon Benes ans oe ee oy 214 
ol. Longitudimal section:througha pteryoium........+..++ss.seeecueseeeenele: 215 
G2 eon OP AMOI. seas cue esalops asst oy Ste rorous cot ener eese Cee enare ote 217 
GIs ONSIROVSIISy oun WINNER MA AA Dern oon odn aca foe cccac esau l a eee 220 

64. Dermoid tumor of the cornea and subconjunctival lipoma in a thirteen-year- 
ONG UES 60d yer ope eievavn vag ysee soe dren SOR aeas Set aTON GO Coeeee een e e 224 

(hans, COnisu te ROUEI SM ox oyampooarngNCh oscaoechsocaeceaaceaca Gan soc ena co epee 


bo bo 


66. Epithelioma of the limbus and cornea..............-....--.-----:--: 
67. Section through the anterior segment of the same eye...............-...--. 
68. Melano-sarcoma of the limbus encroaching upon the cornea ..... 


iw) 


in) - 
NOWNW WN WW bb 
~“IsJ J ~J Cr 


69. A perpendicular section of the same eye..............cceeveversecreessrse 2 
0 aNeyus piementosus: limi. ...'.'5 4. << stale + sane tae mene taatenennn aaa 228 


71. A portion of the same nevus 


disira shee a dys bad es 0 RLS ge OPEL ee ae ea cc fa ae 228 
72. Lpitheliinn of the cores... < |... «aus 14 see ec aie ieee eee ee 231 
Udo AUT CUS SONAL. 5 rrel assur isve de ae Aipny Mbym ed ee el ee ee 232 
74, Cross section through a normal cornea.......\...+-.e+evceverceccsssecee. 233 
7., Hixed corneal corpuscles of the frog... ........ «sss seat seein ess ease can 234 
“o-77. Comeal corpuscles of mans... o.% seu ote ene 235 
78. Behavior of reflex images on the cornea.........-.+.eeccecereseressveccee. 23% 
MO SOUT COMMER 5. 65 «. <5 oh « SMandy try sie ly OPN eee ana nr 238 
SO. Iniiltrate.in the cornea... ..«. v6. o.oo 239 
81. Corneal ulcer in the progressive stage........ .cceseeceuccevcerceecsccce, 241 


82. Corneal ulcer in the regressive stage 


—_ 


= 


ILLUSTRATIONS. i 
XIX 
FIG, 
83. Cicatrix of the cornea.......... ae 
ea es a 
cr ee eat ee eet Fir! 
| ee Rae oe Soar MEBUGUS Keratitises: ee tee eee iene 244 
se ee eee ee 249 
Oe ee cued ce ce 3 | be Ree Ee” 249 
ee a re ee a 250 
91. Total prolapse of the iris........... . Aid. ginethh ay eth vane me 
92. Sear after perforation of a marginal ulcer with ielicion of th bikes oh e a 
93. Sear without inclusion of the iris........... othe ie ae 
94. Forms of ulcer that develop from herpes fobrileeeon ees Cohen 7 del ae 
95. Keratitis marginalis superficialis....................................... 
re ee ns Ge oe ee 261 
ae ae 268 
MR ee ee eo ae 269 
99 uae fs i ast ink RA eet see 
100. Keratomycosis LE Se ee elds) ea ae os 
101-102. Keratitis oe ES eek te SN te See ee Sess». 277 
Rent eratsiie ¢ larophthalmo ..o. :.5..s docu... ee 278 
105. Keratitis bullosa SO err acre Arai ney fee) Eley cnn me 286 
Ne ent ties vunictatan cuporficidlis?.¢ 6 8 eels hbase ee lee 237 
107. Pee avtatines Roratitias no. idl ices ee BL LER 290 
108. Cross section through a cornea with parenchymatous keratitis........ ; : i 291 
108. he upper incisor teeth in hereditary syphilis. ..... 22.22. ee arsnceenne ; 295 
Pee Gern iin maaroinalis DVOlUNd asa. «chem sk x accede ee da one cob ecenein Mew es 302 
111. Striate opacity of the cornea after a cataract extraction.................... 303 
112. Scar of the cornea thirteen days after cataract operation................... 807 
Em Vere eee cig eeber OL ele COU GA : ces at pp ates vs oes a Sacco oaeterel eels fates aio cheer 310 
114. Zonular opacity of the cornea in an atrophic eyeball...................... SILT 
Metre ocular opacity Of theicormea. 14... 6.0. cee Anais ye oe oo Bale nisl coe aa 312 
Mier pacer the corneas with siviate clearmg. 0.2.5.0 2. ces seu ecee need severe aves 316 
ais Sear of the cores with anterior synechia.”... 0.2.2.2... ee0 ccs ce reese eens 317 
119. Section through a scar with incarceration of the iris....................54- 317 
PMD Hel SieOinTI aM CHG APIS 602 oie oe ais A ras oh win o Wns ee ye HE is en ale 322 
421. Total spherical staphyloma of the cornea......4.....esen eer ccrecrcrccuen 322 
122-124. Development of a total conical staphyloma................... ee 324 
He Meee Aunt ICON ee gr ties VP cence oS hare etowielray oe. ovey tale on tig co inher rents eh ee 329 
Si. sae aS RAST, Bee 2 Sa OI ee ie eer ante bs eet reece ois ee center 330 
aye BRR 200) Sap eieee dr (Aerie eer errachont ois Booi-atag orn iayirinicr sienceient, ora ores = 835 
PGS Deep Sclerihis oo. ce te ee cetera es beeen eenaea te len cmees ca ees 338 
129. Rupture of the sclera... .... 6. cece cece eee e teen eee e ete ene es 342 
POO SAS CAGE IM GECHION 11.66 ccc a ner ener der cewnrsenenserenenavenee 842 
131. Course of a scleral rupture.... 2.2... cece ee eee reece eee eet e tenner ens 343 
132. Small scleral rupture situated in the limbus. ...............ss esses eee eeee 343 
133. The same case after excision of the 17is.... 1... 6. cece eee cece eee eee eens 343 
134. Rupture of the sclera and luxation of the lens beneath the conjunctiva...... 344 
135. Inclusion of the iris with cystoid cicatrization.............e0se eee seers 346 
136. Skiagram of foreign body in eye. ......-. +. sees eerer een e eee eer en ene eees 348 
137. Chart for plotting location of foreign Dodlesprl CVG. acti aea isc. 6 3 348 
Poe paphyloiia ciare. co... kee nt Seen seed evr erties ees e ete eaes 358 
358 


439, Staphyloma intercalare, 2. i... weet Me ee tt nee eee nee ence eens 


XX ILLUSTRATIONS. 


FIG. F PAGE 
140 Intercalary<starly loreal yy aera reel rel te ee lee ee ately lene 359 
141s Anterior SUILAGE OL ible 1TlSiieug eerste renrasis on teksto ee one rec eet tet =i tar 364 
142. Meridional section through the anterior portion of the eye........-..-----> 365 
HAS Posterior layersiot tle 1risage yee sete arstte tele let tate not- a enee le eleketoieet ta) -Tonee= ae 367 
144oeHorizontalksectiomnol ble: Or iter ewermetterteteitisene total tet eieteholie it ater ce ese 369 
145. Portion of a meridional section through a ciliary process, somewhat behind its 

BDO. eter og aah ales a eng ee ghee Poe ose gta aed a ae ac ee 371 
146. Superficial layers of the flat portion (orbiculus ciliaris) of the ciliary body in 

MAOTIGTOWAL SCHOLL he Ay aoche oesas oe cte pel oes Cele ge ae Poe ett et Ag sla 371 
147 Sinus Of phe amterlor Clialyi We lee tact ere te aeetele = ie te ey ahead 373 
148. Ligamentum pectinatum..............- 20+ eee e eect e ete teres 374 
149) Cross section through the chorioid. 2: -...-..- 2.2.22 + se. ye- 2 ee  e 375 
150. Dissection of the chorioid made parallel with the surface................... 376 
151. Chromatophores of the chorioid ....,........-+- 550s eee eee eee eee nee 377 
152. Pigmented epithelial cells of the retina..........-.--.--.-+- +2 +s sree Berit 
Ap SeeBlood=vessel stot the veycw cr ckevercperere er aice er her ele atest ta rete tee ea ea cee 379 
A5AR UB loodeyesselstol the nivGasiac hee cree veers eie raat eee ee eae een es 380 
WAH, KOlibsnlleni(Saesoas ones poaARaoomneou On rr Sorhoe Sane esc ate ome SS 381 
156. Schematic representation of the optic pathway...............---...--+-5. 384 
157. Section through the embryonic eye at a period of development corresponding 

to that of a human embryo of twenty-one days......................... 391 
158. Section through the embryonic eye at a period of development corresponding 

to that of a human embryo of twenty-two to twenty-three days.......... 392 
159. Section through the embryonic eye at a period of development corresponding 

to that of a human embryo of twenty-four to twenty-five days.......... 392 
160. Secondary ocular vesicle with ocular cleft seen from in front and a little below. 393 
161, Secondary ocular vesicle with ocular cleft... .....-. 20. -55- Senet epee ees esse 393 
162. Section through an eye at a period of development corresponding to that of a 

human embryo in the middle of the third month...................... 394 
163. Anterior segment of the eye at a period of development corresponding to that 

of a human embryo at the end of the third month............... re 395 
i Nt bul eee een PME Pere Boe 5 censor ta Sens ny one Mtn ety: 397 
IU, TAC sbiahmts; yadrl ol jouyoullllneavemevanl NIM oe 398 
166. Occlusio pupille two months after a perforating injury.................... 398 
167. Occlusio pupille three months after a perforating injury..................,. 398 
AGSHTOO se Precipitates sos ony eersic ace sleeve PeNeal so evap ute tO eae ene feiss er REN Fees ee ae 399 
170), Deposit upon the posterior surface of the comes... 2.52.22. oss ess ss ee 400 
171. Posterior synechiz and remains of fetal pupillary membrane............... 402 
(Ws, Sera lorervonal fahovel (opeyolhbiewvoyn oy wloVyoybyoyNl 6h oe a Se se 403 
LS. “PE obaluposteriow SVMOCHI A eg. noc cuseets re nena chen ketene tent erate Remark ater ar 404 
7A eee TOUMUSLOMNOL Ue tis 1 SE OLISTOs jo UNO LL Ge eee earn ete eras tena eee 408 
alpisqel Cr yesmiied cael peter, Maro he co a co cane OOo od ay aye 410 
176; Atrophy of theeyeballyy 7 ./asicc ccs ke, iene tee Atel rete Reg cle teem irre rekene 412 
Ie 7hy, Abeatakoonccdhnesh thir oferadoveeniniagerMmMNINODN A, oa os an Mh oe oa 414 
178. Purulent inflammation of the inner coats of the eye....................... 416 
U7O=18O Abscess! Ol thé: vitreous. pencviue.c ake here enel cect apr ratens cere aeeteanet te ete ermnaneit bie ae 418 
181. Inflammation producing sympathetic ophthalmia......................... 419 
182. Inflammation causing sympathetic ophthalmia........................... 420 
doped butts or oli Coct ti ee eens Ree ha GNitaa Gan gis occ >So 5 Ieee C 423 
IESE, Syygopenlulacey navuanoyemorimbacerCol Aral orb. ge acco eae oe oo ake 423 


185. Iridodialysis 


ILLUSTRATIONS. xxl 


: PAGE 
186. Large radial lacerations of the iris.................... ett OR ts 6 ob 441 
187. Small radial rupture of the IATSIT VOL sues UDI aaa a ae ee een 441 
a OS Oe i eee Me ec fae ie a ec 442 
PN SOs. SAMY ESRD 28 hy. Sn ie wal oe NOP eat ane 5 0 443 
EI ME AT Cesc rot Re 8 be Sos eo em a why l. venec tae 444 
191. Migration of epithelium into the interior of the eye.................--0 0. 445 
ie. Melano-sarcoma of the ciliary body... 2.) ...2.0 0.0: .0cl.a hes laccescuees 449 
Pea serecicereympathetic paralysis: ,..... os. cs dnc nc Ue ood dacs owen 451 
ae. Remame of the pupillary membrane... .. ... in nc se sos ce eve veavlcne. 453 
Peerenneontunl Golobonrs Of thearis.. os. $0) f.;$.encante ie ooblen ee Lek 453 
PnP menneierriepitr Cinlentisis Yc. jchre we ide: cto aoe ae Aki a eee 454 
Be mmee Fees tee OMEIPOCRC WIS tc ais rt. sca caste che Lon te ee ie ee 456 
pee emtloreunisce GHOTIGIIUS.. . 0.0 vice soak ard becatuh cs pcan eon baa wade: 456 
en IE CNSER ES SEREECTONA RG ee co 2, hf od a ok tug ek 458 
Eee nMeRECVE CNiTANGe IT MYOPIA. oe ic.culoes ca dn oo ss Socks oR eel ee an 460 
PalMmoininicus in myapia Of hit deeree: 2.5. 26 ssn. Sos meee ase ook oma one eee 461 
Elle, LES SST Gi Str 8 ES bee Ol a a MRE ee Mcrae MARR eae 462 
Peerne eantralinianck spot in Myopia sc. os. c2 os eS Saeed on dee pdadeee aed e eee 463 
Peer MSC KE ERILIONIT MG LOCUS. 2. oie fs Peek cts si Mba ata dn ee ee 464 
Maibenid ocus of central retino“chorioiditis... .. 00. 4s. ..,.0) 65. Sedan gs aun ne oes 464 
Pa meUnsepariees pst HE -CNOTIOQLE TO co. alae is 6 re ows Caplan Os ccs Muirene Sls ao oe 473 
PUM ECESUMSE NEN HES OLIOTION ore 5 dom apoio cts keds Roa Loa ae Ate oe ee 474 
seath wm Ser eM MR EAPO TOL CLE CLT VISUILIT a2): 2.5 soacs PN l  bs cccecaus, he Sate SU eal nce ase 475 
Mi Omlapana oF the optic nerve and Chorloids: «2. 0). .cc.6 ge cane guste eee one 480 
210. Lower half of an eye with congenital coloboma of the iris, ciliary body, and 

FEET | Np Nel nage Nel nba aia Rine is arr tot Oa de Faaera E E MeREROAR SESS REA Al ess i A 481 
he  Devciopinent of coloboma of the choroid. ...02ly.c¢ vec set on oe eens id 482 
212. Diagrammatic representation of microphthalmic eye with two cysts attached 483 
213. Glaucomatous excavation of the optic nerve........... 0.00.0 c eee eee scene 486 
214. he three Jands of excavation of the optic nerves. ©)... ose. cede es ie es 487 
215. Iris and ciliary body in recent inflammatory glaucoma..................... 500 
216. Iris and ciliary body in old inflammatory glaucoma....................... 500 
217. Corneal epithelium in 4 case of increase of tension... ...,.....0:0.. eee ees 501 
218. Schematic representation of the predisposition to glaucoma................ 506 
219. Iris and ciliary body in a very hypermetropic eye in dilatation of the pupil.. 508 
mae Car partment Of Lie COLex...5 5.02. oad nde ae tyne cee de oa 522 
71. Pquatorinl section through a human lens... 2.2... bee ed eee eed twas 522 
PMI TCA TTA VORS HLL LOUIS. Ge oon fs pe aad Ooms aL y,.G.g pares noe oe ees 523 
223. Stellate figure of the posterior surface of the lens........................5. 523 
A caty Cera eT Tl GR ce ci dha GUE cca see eie By seas gb ee RRA oe 6 eA ar 524 
ee aietarta eapalo-lenticularis. 1.65. foci ane eet tam nla pe heb aka es 529 
en aheries eapetilnt GxtALACt eco cee ne pie oie go a ve Msn ck pak eek Randle oo 531 
So pebamellamcataract seen by. reflected light... . 5... c2ees cee wns ds scene ees 533 
Seen iClaAr cAnAACh Il CLOBB SCCULODM.. «sic 2G) Seo ae ee eile ster ere a erg olen (ast) 
229. Teeth with hypoplasia of the enamel from a man with lamellar cataract.... 534 
Ptr AIGA T ALA CUS ens? os iw aft = sc pinoraS yapeat tere ame. ssh no. 535 
Oai. Posterior polar cataract. 6.2... 6.62 cc cece nc ee seers tees eee w senate ne eens 536 
ee Opatetior Cortical eptaract,. i... 24. ove cee cere eeppen eerste smn ne needles ens 536 
933-224. Incipient cataract....... 0066s. s ccs s erence eer ese eeesereeenens 538 
235. Shadow of the iris seen from in front. . © 9 CR aya s>, Cicer, Orta cee 539 
236. Shadow of the iris upon the lens in schematic’ cross s section... CIA Nghe catiee 


Xxll 


FIG. 


237. Morgagnian cataract 


ILLUSTRATIONS. 


238. Capsular cataract in a case of hypermature cataract 


PON Viole eynCojel(oy an oCoMl es atlyrah nena waco Gea Ana o AR Ao ob oo ame cc ee rei 


240. Luxation of the lens into the anterior chamber 
241. Ectopia pupillee et lentis 
242. Persistent hyaloid artery 


HRS. Mi iteyohbUlkanncrel venus nvlOIbe eceeueo how de houtec noe tone kee Aenean habe oe 


244. Scheme of the structure of the human retina 
245. Section of human retina at the ora serrata 
246. Blood-vessels of the yellow spot injected 
248. Preretinal haemorrhage 
249, Embolism of the central artery 
250. Thrombosis of the central vein 
252. Retinitis albuminurica 


253. Diabetic retinitis 


254. Hemorrhagic retinitis in a woman of torty-eight 
DA GM Re tIMItLS LOMMEPANS weedy eae reg etch Pi cies rade Fae eee ee aL ee eee : 
257. Retinitis circinata 
258. Retinitis pigmentosa 
259. Retinitis pigmentosa 
260. Serous detachment of the retina in myopia 
261. Cysticercus subretinalis in a woman twenty-six years of age 
262. Glioma of the retina 


263. Glioma retinz 


in a man sixty-nine years of age 


264. Longitudinal section through the head of the optie nerve 
265. Longitudinal section through the optie nerve head 


266. Frontal section through the trunk of the optic nerve behind the lamina 


eribrosa 


267. Frontal section through the same nerve at the level of the lamina ecribrosa. . 
268. Cross section of the optic nerve, with atrophy of the papillo-macular bundle. 605 


269. Schematic representation of the optic pathway 
270. Chiasm in atrophy of the left optic nerve 
271. Binocular field of vision 


276. Longitudinal section through the head of the optic nerve in papillitis 
277. Hydrops vagine nervi optici... 
278. Field of vision of the left eye of a man suffering from tobacco amblyopia 
279. Representation of color perception 
280. Spiral fatigue field of Von Reuss 
281-282. The visual field in hysteria 
283. Perpendicular section through the upper lid... 


284. Horizontal section of the orbit 


603 
6038 


608 
611 
612 


Ge 


613 
616 
617 
618 
618 
629 
637 


644 


. 645 


649 
651 


2 © binyal oteyeie wsrelivyl si sica et ORety Coens tone ee 653 


Are 


GH eG. 6 IW, Kieisiislrese WL ORLA, €) ode Inptea bcinh Ci Ca aOR Eee MCLEE peor i re > 657 


Rides lers 6: Voge cart scaon a 50,8 9) oyaltele rate atv yea bs aeate lee at oe een te ane ae 670 


675 


25.009 69. Blivue depres el eieheleral a ah e GTO Oats cate Rep eRe TCS str 682 


. 683 


ILLUSTRATIONS. Xxill 


FIG. PAGE 
291. Blepharophimosis and ectropion senile..............0..cccccceecceccuccee 684 
Nw EBS ROE II I 4 A ae on 692 
293. Congenita{ coloboma of the upper lid...............0 0c ccciceccecccececes 697 
294. Septum orbitale and lachrymal sac..... 2... ooo. eee ec cece cece ewes 700 
295. Section of canaliculi, lachrymal sac, and nasal duct..................0-00- 701 
296. Cross section through the lachrymo-nasal duct ..........0- ccc ccecceveces 702 
297-300. Frozen frontal sections of left orbit seen from before................-- 712 
SOL. swonczontal section through the orbit... 0. . 0... sacueauiec as pou eaodueeen 713 
302. Anterior orifice of the orbit with the eyeball................0c0cecseccesss 713 
303. Lines of insertion of the four recti muscles projected upon a plane.......... 714 
304. Schematic plan showing the action of the ocular muscles................--. 716 
305. Method of action of the superior rectus............ 00 0.cccaccceneresse: au 
elGe hepresentation of the. metre-angle’. . fo 5.. sk need ce ceetees aids Hee wees 722 
307. Nuclei of origin of the nerves of the ocular muscles....................... 723 
308. Schematic representation of the nuclear region of the oculo-motor and the 
BrOCIOAP TPE VOC an &%, MONKEY. 2... Sec ase Ae Ve eee hha te ee 724 
309. Distribution of the nerves running to the motor apparatus of the eye....... 725 
310. Frontal section through the sinus cavernosus...............000 00sec eee eee 725 
Brit rolecwion of retinal images externally... . 5. 0. .06 6 cue weiss en aficg sont eee 726 
Damier MRIGL ISL PHITY OPO VY ISIOTT 924) s ios so. Eye Fos 6 Ph ts dele Medmslclha, aus Uneerussona ome 726 
Pore MAVIAOESIOUPIE TINA IES... 20h oliet 5.1 atwd.s os ath wre eyen Wadia Geek mente 728 
Sapemmercreerieominic Hraapes: te 5 ig fhe somite dice ee Sard eae 728 
roe Monine msres. with difference in level)... 2/5. 6.5.< 61:5 66 yane od/nt oie bela Se 729 
Sanpee an erM APES it: ODULGUILY:, & sis, seer = Cpevs Pegs scree Mihaen ahs came 730 
Pare rye op ted | AGI DIG VABLON 0%: 4/20 cts. guarentee 0 Gun) alt ai atria geste ea 733 
is hhe overcoming Of a prism by CONVErZENCES =. 6.80.) .s's ne ein aie sew 40> suseovends hens 734 
cae eee eoe CHeIe hex PETIIEIE 2% 5.0 ois Sis See stars Fw Gee Piggdiet a Rha tein a, cae 735 
321. Primary strabismic deviation in paralysis of the right external rectus........ 737 
322. Secondary strabismic deviation in paralysis of the right external rectus... ... 737 
323. False orientation in paralysis of the right externus.................00.205. 738 
324. Head-tilting in case of congenital paralysis of the superior rectus with spasm 
UMA efeSicauterg farce(el 0) 00) 0 caren oan ROR Se unas Aer rca BA eI Aine oireet eer mee ose 740 
SC reUPeeDnC AT yee VIAMON UE PATALYSIS.....-. 1c. c.agiacrs «£2 cabo; cueleyeis lend spaqen s aNd tote 744 
B26, Double mages plotted on tangent plane... 5. cnc ce pa es 5 wages oe ave 747 
327-338. Types of diplopia in left-sided and right-sided paralysis. .............. 749 
339. Apparent approximation of the false image in paralysis of a depressor....... 752 
340. Primary and secondary deviation in squint............ 0.0... cece eee eee eee 767 
341. Measurement of strabismic angle with a perimeter........................ 769 
‘vite, NUR kos Pye GL ae ee pee a eon hae era” RMI Rare cea yr 770 
REV TE Griitele SECU EIU CESE Solari < cre'e aise icirtaysonie eaves oemage Wintel areatetaln siete Al 
SMO CHI et CKORUMCRON ooo df foncin'a cen 29 2A dee Pay aru awhe bud IAs WEEE 772 
Says. Waganies Ghiulelk CaCl) oe Seen eee Sip carte cocoa nn oct SMe cms enact ox 773 
346. How to measure the near point of comvergence.......-..-cseveseresessae, 776 
meee teres iad INC GE SOLU Game vu etn device nets olelceariel eiPlem anak cesdnte ha cetiien 789 
348. Employment of prisms in convergence-Insufficlency ...........:...+++--21-. 794 
240. Wall of the right bony Orbit...05. 0... cece es eee eee then ee remanent iets 804 
350. Cephalocele orbits anterior. ......-. 6... cece eect eee ence eee ees 820 
351. Horizontal section through the right orbit. ........ 6... eee e nee ene anes 825 
352. Union of parallel rays, refracted by a convex Leni Ssten ee rere He tet AAs eta 831 
353. Dispersion of parallel rays by a concave 130 (PD re ar uc he a OO 831 
UMM ICON he sie Ate oe oo le RA es wage het Peau eee es oes 834 


355. The convex cylindrical lens considered as a segment Ol sro clindersn gers a2iee. 835 


XX1V ILLUSTRATIONS. 
FIG. PAGE 
356-358. Systems employed for indicating the direction of the axis of a cylinder. 836 
SHO), ADNSinoreniover sprnorshirerel ony EL GAMO oon annes wa Anane cococnocsnoas dessa sens 838 
DOOM Displacements DLOCIU Ce alo vel LUST ener iene reise tee ate et ete a eee 838 
Xai, leiealldhin pds Ging) lotioreall GREE co os coon meen oes onecrouanuecsoee © Banos Bee 
pocsReduceds(Sehemstie ney.e 0 lll) OG CIs iter aerteiete tet ee tte tenner eee 841 
363. Behavior of the visual angle when objects vary in size and distance......... 842 
SL INIT sao aneralel es MSPS OMRON A on ccd oo mand Haman’ dae aie meee Sone 843 
365. International’ test types, reduced one-third.....................-..:.+..5 844 
3005 West uypes tor illiterates, reducedsone-sixb lar ereey cer its eet tierra $45 
HO. ditoheaakenntora ont Obbinveiaye, CHNEESE. conoas ce ancapuctouusgr sce eee rou sees sees 849 
SOS ML UUSION CIN CLES eis cae IRAE welt eho ea ke Oe Ec ere en tere te ease ee $49 
369. Varying size of the diffusion circles according to the distance from the retina 

Ol theiocwsrohs the: Pays cuctomtie co is eae oe tee ee ee 850 
370. Varying size of the diffusion circles with varying width of the pupil......... 850 
371. Schematic representation of the process of accommodation................. 852 
Bi AmAVe CLONTOL ACC OMIT OC A bLOlee eee ete sears rete tees aes 854 
373. Accommodation represented schematically by a‘‘supplemental”’ crystallinelens 855 
374. The accommodation replaced by a lens of glass set before the eye ....... .. 805 
ST Accommodation disk 2 .,%, cers. shot citvacis 5 Mere eee eae eR eee 857 
376. Schematic representation of relative accommodation ...................... $58 
Silla, RAN Se OL ACCOMMOMa WOM ab) CUeremb ile. eiiesele eee ele setae ieee ones S61 
SSL abo of the rayaelneay ny OPC CYC ae iets ete ree eee S64 
S71 me COLE CHION Ob tly Olan yA) COMCAWE CLASS leis een ne ene een 865 
380. Cross section of a myopic eye having an axial length of 28 mm.............. 869 
Soles Opticsnerverenvrance Un Myopia we. sch sere etereets cere eet 871 
SS2e Ciliaryvebody sol aNsemimMetrGPIcr Gye. ian ciiateteleeteis eae er eietete crenata neem 
Beay, (Cilicia lxerehyaoe fey naa OOM KOeasogoc oe ocsehccoed soa. venta sn jasGhacl koe: 872 
SSAg Ciliaryabody Ola. My pPermMetnOplereyer.- a1 arrears lease ee 872 
385-387. Path of the rays in a hypermetropic eye... ....................-ee--- 879 
388. Region of accommodation of the eye of a man 23 years of age with a totali 

hypermetropia of 4D and a range of accommodation of 9D.............. S84 
389. Refraction of the rays in regular astigmatism............................ 890 
390. Retinal images in regular astigmatism................................... S91 
391. Test object for determining the position of the principal meridians in regular 

STIG ATISION, 24 Gln, 3 Ree oe) G ariyne mie Le ein terrane A cue te tet eres © ee SS 
SOZ5Vernoeiiercharta csc. toate Aotearoa Pw Share ACER eee Sete Zoe OSS 
393) Ophthalmometer of Javal-schiGtg. . seca. se cee cea een eme ane anaes 895 
394-396. Reflected images on the cornea as seen by the ophthalmometer........ . 895 
Oe PUSCUCLO MS GUIS sof A he cva tos at, kun be O ets uke seater Nee eee aut 
398. Keratoscopic images in a case of regular inverse astigmatism.......... eee SOT 
399. Keratoscopic images in a case of irregular astigmatism.................... 897 
400. Instruments for opening’ the eye and keeping it in place................... 916 
401. Different forms of sections in the cornea...................---..-........ 917 
402. Iridectomy in a case of increase of tension..............1................ 919 
403. Normal position of the iris (after a cataract extraction).................... 920 


404. Incarceration of the iris in the wound (after a corneal flap extraction)......, 920 


405. Incarceration of the iris (after a linear extraction)........................ 920 
AOS Posivion Of the aris airing iid Setom ya creases eisieiele nein mnenneneramncnaaennns 920 
407. Inclusion of both limbs of the coloboma in the sear....................... 920 
408. Oblique course of the section through the tunies of the eye..... 922 
409. Latticed frame used for dressing the left eve............................. 925 


oo 


ILLUSTRATIONS. XXV 
FIG. PAGE 
411. Inclusion of the iris with cystoid cicatrization after the extraction of a senile 
CRUISE cottages Son OEE (ce ao rE Er, AO 927 
men, Instruments for lachrymal stricture. ..)) . 2... 6c acs cas eens car cuemenen 931 
Paber OErTaOreens £Or GrAGhOntien,. a0 22), SyicS. eS ohven cs Some wike mene andheteus Sec 936 
Prem MerawOon LO8 DCLVENMIMNS.. . ead .6 64s sae dae aly cet aoe OE tt tS yas te 937 
RR UREN VUE ee fo ee id aes Tek va sss 5 Palate ccuwi lin nce heath g 937 
416. Knapp’s transplantation of pterygium.............0. 0.00 0c cece eee eeeee 938 
Pig meAres Qperswon fOr PLeryRUM 20, alse coe ss ona cc eis wewde cw cu esta aiave 938 
418. Beard’s operation for superficial growths at the limbus................... 939 
319. Operation for a symblepharon posterius ..........06.00- cc. eee nee seeeee 940, 
PierOpersuions Tomsymblepharon es... ..o.c:sce-n ose se rouge cep ogee tu 940 
Pete POrMAwOn OF NEW CUl-e-SAC V3. %.4.. 05 .6c som oranda Kado iediae eden us 941 
Pere nnareshats TOC OVETAGIONS . 2c x oan MS are a.ctantin <p ound amen adda tars 943 
423. Ablation of the bed of hair follicles by Flarer’s method................... 946 
424. Transplantation of the bed of hair follicles by Jaesche-Arlt’s method....... 947 
CR MnEL CSO SLALOM rae Syed oe, are fc Rho, Pecans Mees tn oe is etait 948 
sole. USSU SWAT Gao che) se pt Re NE ea 949 
Pm eBUER OVERS MON LOL tICMISSIS: 6 6)... 6 diz Savane wh eds # Gascdes Soe Ss Siw tuorbi one. aval 949 
AOE Se GUEEALION TOE ULIiGHIASIS.< Li. os fsgouale vn .d vik Secu btea ee 8 Saree 950 
429. Spencer Watson’s operation for ‘trichiasis...................0000. cee eee 951 
EAS SEL SG SPAT GTS DE rp ine on Se aR ge eed oe 952 
SM CATE EY BAGS ENG Weta pee TEI tetas Eat ocx Tas Shine Ho ange Ge Ws, So ME ral a ee 954 
Poa oalard—Arit-s. Operation Tor entLOpion << o%.<00 socal end be cea eens s 956 
Sige SOUT ELITE a Es 81 ab ge ay a2 1.0 2] 0) 6) cg 956 
435. Operation for entropion by Von Graefe’s method..................... soe Oz 
436. The same after the edges of the wound have been united................. 957 
eM UISMOTE CS StLEOr TO COLEODION So vc ve = aged sePec dt Smee ose An © duane 958 
438. Operation by the method of Kuhnt and Dieffenbach..................... 959 
439. The same after the edges of the wound have been united................. 959 
OPE RU REL WEST ELEC re a SE ea ee aA setae Aare ine Gey? als eee 960 
EE ATIRG & OMETAMOI OT, DLOSISS ter be nes. % > Richindce 200. sicher bid al Gli oF, whee rccrsune as <i 965 
442. Special needle for removal of foreign bodies. ..............-0.2-beeeeeeee 967 
PSS EV ACHEES VER SIL SL ANIA Y LOVEE Syke he er acateters wie © eels ay Shs and cab eeapeucteoeke a) otsiieuenei ete 970 
Pa neiruimentie for wridectomy ANd WiGOLOMY .<..... 2225. e ead oneness 975 
445. Path of rays in the case of an eccentrically situated pupil................. 978 
Ee PAT PIGLET IRC ORIN ce | ee ce Ae alates au = Veins wg, 000 Seal al ol sbe aaa netas: corse 6 ae 979 
EPIC ORGLAY. Wh IAIPECASE OL GEDBLOD) soca. cece <a oiy opsia ei e ms aiaye sp etoe syoiiienn od w bot 979 
Base CenOvOlLy Wye De WiEGREIS INCLHOG:, -c). /2 srs eine 2 igus pas oh olel ore iaySiin + wih snob 983 
449. Lagrange’s operation—after De Schweinitz ........... 0.00. cece eens 985 
450. Instruments for paracentesis and discission......'...-....0ec ene pen eee 988 
451. Incision with the knife-needle in soft primary and in secondary cataract. 990 
Boe ee LustEnInenta LOT GALATACH CRILACHION ...< cis ted oe wisn Finye oPile wise wise ae te © 992 
Gaim Coren renee se UT Ee OR] ONL ee MPC E ne SPE eho, he Srduten Tae Oc antapunngle inte assuming eyes sab eats 993 
454. Flap extraction with iridectomy..... Pie eet ROR i mms nets 996 
Arama me pram Onn Without Lume CiOUly Mewa4 «vaeieire sales alae sho nicfestye) nie eee-cts 996 
456. Cross section through the anterior segment of an eye, upon which an extrac- 
tion has been performed by means of a flap section..............+++++. 1000 
457. Beer’s operation for cataract by inferior fap with a Beer’s knife............ 1003 
458. Modified linear extraction by Von Graefe’s method...............++.+05: 1004 
AAG). Telos vteteastiaile haa bseaarette 8, vee ln ete, o yPEMe Seach Ce NGC DEERE COR DORIS ace areces 1007 
460. Instruments for tenotomy, advancement, and enucleation................. 1009 
Aimee CLV All COMMeNt ODEKNONG semi. AS Acree ies 6 oR te tee ee ise ciet 1017 
462. Temporary resection of the outer wall of the orbit..................---5- 1029 


PART 1 


Dees : 


_ INTRODUCTION 


4 


* 


TEX T-BOOK 


OF 


OPHTHALMOLOGY 


INTRODUCTION 


GENERAL PHYSIOLOGY OF THE EYE 


1. In many unicellular organisms—animals and plants, bacteria and 
protozoa—sensitiveness to light is a property of the body as a whole. In 
the more highly organized, multicellular animals, sensitiveness to light is no 
longer a function of the whole body, but is taken over by certain cells, which, 
in contradistinction to the rest, have retained the property of reacting to 
light. In itssimplest form a visual organ of this sort consists of an epithelial 
cell connected with a nerve fiber. The epithelial cell has the power of 
transforming light into another form of energy of such a character that it 
ean be conducted along the nerve fiber to a central nerve organ. Even 
the eye of man is essentially reducible to the same type of apparatus, which, 
however, here is developed to the highest perfection. For here, instead of 
a single sensory epithelial cell, there are an enormous number of such cells, 
which are united to form the retina and optic nerve. This is the essential 
part of the eye, and with its formation, too, the development of the eye be- 
gins (outgrowth from the rudimentary brain of the primary optic vesicle, 
which gives rise to the retina). All the other parts of the eve develop 
later and are designed for protection, for nutrition, or for optical purposes. 
The exterior fibrous envelope of the eyeball—cornea and sclera—serves to 
protect the delicate retina; the uvea subserves nutrition; and all of these, 
together with the lens, help to make a better optical apparatus—the cornea 
and the lens by the way in which they refract light, and the uvea because of 
its light-regulating diaphragm, the iris, and because of its dark pigment. 


I. Exterior or Fiprous Coat (CORNEO-SCLERA) 


2. The chief function of the corneo-sclera is to protect the inner coats 
of the eye, and its most important property, therefore, is its ragidity. 

This is produced ir the following way: the cornea and sclera are composed of 
densely laminated and interlaced, inflexible connective-tissue fibers, which are traversed 
by a moderate number of elastic fibers, so that with great rigidity there is afforded a 


slight, but only a slight, degree of elasticity. 
3 
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The rigidity of the corneo-sclera is lessened at two points—first and most at the 
spot where the optic nerve enters the eye and where the sclera is reduced to a set of 
delicate fibrous bands called the lamina cribrosa; next at the corneo-scleral margin 
where the scleral gutter is tunneled into to form Schlemm’s canal. Hence the spot 
where the optic nerve enters the eye is the first place to yield to intra-ocular pressure 
(pressure-excavation); and the corneo-scleral margin is the typical location for a rup- 
ture of the fibrous coats of the eye due to external violence. The slight degree of elas- 
ticity of the corneo-sclera is the reason why a uniform expansion of the latter does not 
take place when the intra-ocular pressure is increased, except in youth, when the elasticity 
is still fairly great (hydrophthalmus). As age increases, the corneo-sclera becomes less 
and less elastic, and admits of only partial protrusions, and in these, moreover, it is no 
longer a question of simple stretching but of rupture also (in the cornea, ruptures of 
Descemet’s membrane in the case of hydrophthalmus and keratoconus; in the sclera, 
ruptures of its innermost lamellx. in the case of scleral staphylomata). The slightness 
of the elasticity makes itself apparent also when there is reduction of the intra-ocular 
tension. In a more elastic eyeball such reduction would lead to a uniform contraction 
of the organ, whilst in the human eye in this case folds are formed both in the cornea 
and sclera (e.g., in atrophic and phthisical eyes). 

Rigidity alone would not afford the eye sufficient protection. ‘‘Pain is man’s 
guardian.”’ The sclera, which in large part lies imbedded in the orbital tissues, does 
not need to have any great sensitiveness, and hence has but few nerves; but the cornea, 
which is directed toward the outer world, has the greatest sensitiveness of any part 
of the surface of our body and has consequently the greatest profusion of nerves. A 
dense plexus of nerve fibers, in fact, lies in the epithelium itself, a thing which is not 
the case elsewhere on the surface of the body. Hence it is that in most men even the 
slightest contact of anything with the cornea starts up a sensation not of pressure but 
of actual pain; and thus it is guaranteed that the most inconsiderable lesions, the smallest 
foreign bodies, excite our attention and are not neglected. 


3. Besides its function as a protective organ, the cornea has an optical 
function to fulfil. It must be transparent in order to admit the light rays, 
and it takes part in their refraction. 


The transparency is dependent on two factors. The positive factor is the composi- 
tion of the cornea—the fact that it is built up of lamelle which are very homogeneous, 
refract the light equally, and have comparatively few cells between them. The negative 
factor is the absénce of opaque tissue, above all, the absence of blood-vessels. 

That, in order to secure complete transparency, it is necessary for all parts of a 
tissue to have like refractivity is proved by the following experiment: If we grasp an 
eye—for instance, a pig’s eye which is being used for practising operations on—between 
our fingers and squeeze it hard, the cornea at once becomes cloudy, and when the pres- 
sure is released becomes clear again just as quickly. The original assumption that here 
we are dealing with the same sort of thing as occurs in the pressure opacity in cases of 
glaucoma must be discarded, for in this experiment when the pressure of the fingers is 
relaxed the transparency returns at once, while in glaucoma after the increase in tension 
disappears it still takes some time for the cloudiness to pass away. The explanation of 
the phenomenon is, rather, as follows: The cornea consists of fibers which run in differ- 
ent directions in the different layers. When we press the eyeball between the fingers, 
the fibers undergo a stress which varies in intensity according to the direction in which 
the fibers run. One-sided traction or pressure makes a single-refracting substance 
doubie refracting, and this holds good for the fibers of the cornea, as we can convince 
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ourselves by examination with the polarization microscope. Owing now to the fact that 
the fibers of the cornea have become unequally double-refracting, a ray of light passing 
through the layers of the cornea is diminished in brightness just as in passing through a 
crossed Nicol prism (Fleischl). Such unequal refractivity of the separate layers of the 
cornea is the cause of many opacities which we see clinically. We sometimes observe 
in the cornea striew or reticulate opacities which are called keratitis striata, but errone- 
ously, since inflammatory changes are absent. What we find is a wrinkling of the cor- 
neal lamell, and, as a result of this, opaque spots develop, although the individual 
lamelle are perfectly transparent. 

Usually, however, opaqueness of the cornea is due to tissue changes. Even mere 
soaking of the corneal lamelle with liquid makes them swollen and cloudy. On this 
fact depends the cloudiness of the cornea occurring with lesiens of the endothelium, in 
consequence of which the aqueous enters the cornea from behind. So, too, soaking 
with lachrymal fluid from in front makes the borders of corneal ulcers, and particularly 
the borders of flap-edged wounds of the cornea, cloudy and swollen. In glaucoma the 
cloudiness of the cornea is caused by fluid, which is thrown out in minute droplets, par- 
ticularly between the epithelial cells. The marked cloudiness present in recent inflam- 
mation of the cornea is caused by the deposition of cells and of unorganized exudate 
between the corneal lamelle. After the subsidence of the inflammation new-formed 
connective tissue and vessels may remain between the corneal lamellw, and thus pro- 
duce a permanent opacity, while in true scars of the cornea the corneal tissue is actually 
replaced by connective tissue. 


4. Non-vascularity is necessary if the demands of perfect transparency 
are to be fulfilled, yet there is no doubt that under certain circumstances 
this lack of vessels is disastrous to the cornea. 


Under normal conditions the nutrition of the cornea is effected satisfactorily even 
without vessels, but under pathological conditions greater demands are made upon 
tissue metamorphosis. When, after a lesion of the surface epithelium bacteria invade 
the tissues of our body, the latter defends itself against the invaders by means of bac- 
tericidal and antitoxic substances, which to a certain extent are already present in the 
blood, and by means of leucocytes which, under the guise of phagocytes, take up the 
bacteria and digest them. When the invasion of bacteria occurs in vascularized tissue 
(e.g., the cutis), capillary loops lie everywhere very close at hand, from which the blood 
can act upon the germs at once in the manner above described. Certainly it is in this 
way that the vast majority of infections in our body are nipped in the bud. It is other- 
wise in the non-vascular cornea. This normally contains no protective substances in 
its tissue fluid. Invading germs at first multiply unhindered until they have formed 
so much toxin that the latter gets to the marginal vessels of the cornea and causes their 
dilatation. As a result of this, the protective substances of the blood and also the 
leucocytes pass over into the cornea, but even then they have to get back to the place 
where the germs are accumulated. Hence the distance from the site of the lesion to the 
corneal margin has to be traversed twice before any onslaught is made upon the bacteria, 
and in the meantime a considerable multiplication of the latter may have taken place. 
The distance, of course, is the longest in the case of lesions which occupy the center of 
the cornea, and this accounts for the fact that the most dangerous lesions—those which 
lead to ulcus serpens—lie almost always in the center of the cornea. ‘The superficial 
lesions of the cornea, such as produce an ulcus serpens, certainly affect the marginal 
portions of the cornea more often than its center, since the area of the former is greater}; 
but in this case the marginal loops of vessels are so near the lesion that the germs entering 


the latter are speedily rendered harmless. 
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To the non-vascularity of the cornea is probably also attributable the fact that the 
latter in spite of its more solid structure is so much more often the site of ulcers than is 
the conjunctiva [and that wounds of it heal slowly and are readily infected.—D.]. 

The inflammatory irritation emanating from a diseased spot on the cornea pro- 
duces first a dilatation of the vessels at the corneo-scleral margin, but if the irritation 
lasts longer it produces vascularization of the cornea, offshoots growing out from the 
marginal vessels toward the inflamed area. Thus now the blood, which combats the 
noxious agency, is brought to the battle-ground directly and can therefore develop its 
action without loss of time. When a corneal ulcer is spreading steadily, and at length 
we see the new-formed vessels extend at one spot to the border of the ulcer, we know 
that here no further progress of the ulcer is to be apprehended, the vessels opposing an 
effective barrier against the disintegration of the corneal tissue. But often the vessels 
arrive too late to prevent the destruction of the tissue, the loss of substance having 
occurred before the vessels reached the diseased spot. Then the function of the vessels 
consists in bringing to its destination the material for repair—i.e., the material for filling 
in the loss of substance by means of cicatricial tissue. Since it takes a certain time for 
vessels to develop, then the more slowly the inflammation runs its course, the more 
likely are we to see the vessels appearing in the progressive stage of the inflammation 
and limiting the latter. In cases with rapid course the vessels do not make their appear- 
ance until the end of the process, and then simply initiate repair. Hence the impelling 
force which conveys both the out-pouring blood corpuscles and the out-growing blood- 
vessels to the site of an irritation—a force which has a general applicability for our 
body—produces in the cornea the characteristic clinical signs of keratitis and at the 
same time represents a process suitable for combating the things that have come in 
and caused the mischief. 

The non-vascularity of the cornea is in part the cause of its low temperature. Owing 
to the evaporation of the lachrymal fluid on the surface of the cornea, the latter gives 
off more heat exteriorly than does, for example, the dry skin. To the latter, moreover, 
more heat is continually supplied by the blood circulating in the capillaries,, while for 
the non-vascular cornea this direct supply of heat is wanting. Hence when the eye is 
open the temperature of the cornea is scarcely 30° [C.], and because of the thinness of 
the cornea (less than 1 mm. in the center), the low temperature continues to the deeper 
parts as well, amounting in the anterior chamber to but 32°, and finally in the vitreous 
to 36°. Closure of the lids, which stop the evaporation at the surface of the cornea 
and supply warm blood by means of their vessels, obviously causes the temperature 
to rise at once, so that when the lids are shut it is between 35° and 86° in the conjunc- 
tival sac. The low temperature of the cornea makes it possible for mold fungi to grow 
in it, while they cannot flourish elsewhere in the living human body because the tempera- 
ture is too high. There is a mold-fungus keratitis, although, to be sure, it is rare (see 
§ 218), 


5. With regard to nutrition the fibrous coat of the eye makes few 
demands. Since its function is merely rigidity—and for the cornea also 
transparency 


no consumption of material worth mentioning takes place 
in it, and its tissue metamorphosis is, therefore, very slight in amount. The 
sclera is nourished by the few vessels which it itself possesses. The cornea 
gets its nutritive material from the vessels of the corneo-scleral margin—i.e., 
mainly from the pretty dense marginal network of the limbus and from the 
scanty twigs which the anterior ciliary arteries that pass through the 
sclera give off deep down. From these two vascular districts superficial and 
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deep vessels grow out into the cornea when the latter is inflamed. Because 
the tissue metamorphosis of the cornea is so meagre, the deep vessels, few 
as they are, suffice to maintain it, for we can remove or cauterize the mar- 
ginal network very extensively or even all the way round the limbus without 
the cornea’s becoming necrotic. 


The nutritive fluid passing from the blood-vessels into the cornea is distributed 
in the latter by diffusion. The former supposition that the lymph circulated in a system 
of cavities, the juice-canals of Recklinghausen, is no longer held. 

Does the aqueous also take part in the nutrition of the cornea? To answer this 
question it must first be determined whether the aqueous can enter the cornea at all. 
With regard to the behavior of a tissue to a fluid that bathes it, two different physical 
processes are possible, filtration and diosmosis. In filtration the fluid goes through 
the membrane without change of composition, and only the undissolved solid con- 
stituents are kept back. Such a process, for example, takes place when the aqueous 
passes through the ligamentum pectinatum. In diosmosis (diffusion through a mem- 
brane), on the other hand, the fluid as such does not pass through the animal membrane; 
but between the two fluids which are present on the two sides of the membrane—thus 
between the aqueous and the lachrymal fluid in the case of the cornea—there takes 
place an exchange of the dissolved constituents until the osmotic tension on the two 
sides of the membrane has become the same. If, as the simplest case, we suppose that 
on either side of the membrane there is the same salt solution though of unlike concen- 
tration, salt will pass from the side of greater concentration to the other side, and from 
the latter, in turn, will pass in the opposite direction, until the concentration on the two 
sides is the same. 

Which of these two processes, filtration or diosmosis, occurs between aqueous and 
cornea? It was formerly assumed that there was filtration of the aqueous forward 
through the cornea, and it was believed that a continuous percolation of aqueous was 
necessary not only for the nutrition of the cornea but also in order to maintain its trans- 
parency. This view is now known to be erroneous, the passage of aqueous into the 
cornea being prevented by the endothelium of the posterior corneal surface (Leber). If 
this is experimentally removed in the living eye at any spot, the cornea at the same spot 
becomes clouded because of the aqueous that gets in there. The same thing occurs 
under pathological conditions when the endothelium is injured, e.g., by inflammation 
in the cornea itself or by the deposition of inflammatory products upon the posterior 
corneal surface. 

A similar part is played by the anterior epithelium of the cornea with regard to 
the lachrymal fluid which bathes the anterior corneal surface. The test with fluorescein 
proves this. If a one-per-cent aqueous solution of fluorescein is instilled into the con- 
junctival sac, none of it penetrates the cornea so long as the epithelium of the latter is 
intact. But as soon as a defect in the epithelium occurs at any spot, the cornea at that 
point is stained an intense green by the fluorescein that enters it. In a way not as yet 
explained a like greenish coloration of the cornea by the instillation of fluorescein into 
the conjunctival sac occurs when the endothelium of the cornea is defective, e.g., in 
keratitis parenchymatosa. 

Hence filtration of fluid through the normal cornea does not exist. How is it then 
with diosmosis? A priori, it must be assumed that as it exists in every animal membrane, 
so also it does in the cornea. In practice use has been made of this fact for a long time, 
solutions being put into the conjunctival sac when, as is the case more particularly with 
a a ar eee filtration but 


1 The entrance of fluorescein into the cornea, it is true, occurs by a process not of I 
of diffusion; but even for the latter the epithelium and the endothelium of the cornea act as an obstacle 


if not as an absolute barrier. 
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the mydriatics and mioties, it is desired that they shall act upon the iris. If we drop 
atropine into the conjunctival sac and then, as soon as the pupil has dilated, draw off 
the aqueous and drop this into another eye, dilatation of the pupil takes place in the 
latter also. This proves that the aqueous of the first eye contains atropine, and that, 
therefore, the atropine salt has passed from the lachrymal fluid into the aqueous by 
means of diosmosis. In the same way, when chemically active foreign bodies or an 
aggregation of bacteria are present in the anterior layers of the cornea, irritating sub- 
stances pass from the cornea into the aqueous and act upon the iris, so that first hyper- 
zmia of the latter and afterwards inflammation with exudation are set up. Both, 
therefore, are constant accompaniments of every violent inflammation of the cornea. 

Even under normal conditions salts and, to a slight extent, albuminous substances 
get by means of diosmosis from the aqueous through the endothelium and Descemet’s 
membrane into the parenchyma of the cornea, which absorbs them; but, owing to the 
fact that the aqueous is poor in dissolved matter, this process is certainly of very sub- 
ordinate significance for the nutrition of the cornea. 


| 


II. Mippte Coat (Uva) 


6. The uvea, formed of the iris, ciliary body, and chorioid, has for its 
main function the nourishment of the nervous portion of the eye. Hence it 
lies in direct contact with the latter, between it and the fibrous envelope, 
and is, therefore, called the middle coat of the eye. It originates together 
with the fibrous coat from the mesodermal tissue that envelopes the ocular 
vesicle. This tissue, which was originally homogeneous in structure, little 
by little becomes differentiated into an outer and inner layer, corresponding 
to the outer and the middle coats of the eye. Finally an actual spatial sep- 
aration is effected. In front, a large fissure develops, which becomes the 
anterior chamber, and, behind, the connection between sclera and chorioid 
becomes almost completely disunited, so that here is formed the perichor- 
ioidal space. Thus the membranes which originally formed one single tissue 
are finally connected at two places only, i.e., at the spot where the ciliary 
body is attached to the sclera and at the margin of the optic-nerve entrance. 

Quite the reverse are the spatial relations of the middle coat of the eye 
to the inner coat, namely, the retina and its anterior prolongation. The 
inner coat of the eye originates from the secondary ocular vesicle. With 
this the uvea has nothing at all in common as a tissue, but simply lies in 
contact with the outer layer of the vesicle. From this layer develops 
later the retinal pigment. This latter simply lies on the inner surface of the 
chorioid and ciliary body without being connected with them, yet in the liv- 
ing eye it very rarely separates from the chorioid and never from the ciliary 
body. Still more intimate is the connection of the retinal pigment with the 
iris, in whose tissue the muscle fibers of the sphincter and dilatator pupille, 
which are derived from the retinal pigment, lie imbedded. That is, the gen- 
etically related membranes, the outer and the middle coats of the eye, lose 
their anatomical connection almost completely, because functionally they 
have little to do with each other, while, on the other hand, a functional 
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relationship leads to an intimate connection between the middle and inner 
coats, which genetically are perfectly distinct. 


Besides the large cleavage space between the outer and middle coats of the eye, 
whichsubserves the circulation of lymphin the eye, there is asecond space in the interior of 
the inner coat itself. What was originally the actual cavity of the primary optic vesicle 
is converted by the invagination of the latter, which serves to form the ocular cup, 
into a virtual cavity only, since the outer and inner layers of the cup are everywhere 
in contact though never in connection. This remains so through life, and hence arise 
consequences that are pathologically important. The retina separates from the pigment 
epithelium even more readily than the chorioid separates from the sclera (as it does, 
for example, after operation); and the dreaded detachment of the retina is nothing but 
the re-transformation of the virtual cavity of the ocular vesicle into a real one. Similarly 
in the iris the posterior epithelial layer (inner stratum of the ocular vesicle) separates 
readily from the anterior layer (outer stratum); this, for example, taking place in the 
rupture of posterior synechiz, when the posterior layer remains on the lens, the anterior 
on the iris. Indeed, a spontaneous separation of the posterior from the anterior epithelial 
layer occurs not infrequently as a senile change. 

The character of the uvea with regard to rigidity varies, the iris being extremely 
elastic and the ciliary body and chorioid, on the other hand, inelastic. The elasticity 
of the iris tissue is necessary if the play of the sphincter and the dilatator of the pupil 
is to take place readily. The elastic character of the iris is shown clinically in the fre- 
quent cases of peripheral incarceration of the iris, e.g., after eczematous ulcers, when we 
often see the iris of the opposite side drawn over to the very margin of the cornea (Fig. 92). 
If we wish to detach an anterior synechia by introducing a narrow knife into the anterior 
chamber and trying with this to divide the tag of iris that runs forward to the cornea, 
the attempt is usually unsuccessful, because the iris is so elastic that it is more readily 
stretched than cut even by the sharp knife. On account of the great elasticity of the 
iris, we practically never find transverse rupture of the iris after injuries, but simply 
separation of it from the ciliary body, or radial fissures, the latter because, owing to the 
radial course of its blood-vessels, the iris is very readily indeed split in a radial direction. 

In distinction from the iris, the ciliary body and chorioid are inelastic. They 
rupture easily upon contusion of the eyeball, splits in the chorioid being then often 
observed. (Splits in the ciliary body, although also not rare, cannot be seen clinically.) 
Stress of a more gradual kind may also lead to rupture of the chorioid. Corresponding 
to the atrophic spots which occur in very myopic eyes in the region of the macula lutea, 
we often find ruptures, especially of the lamina vitrea, with gaping of the torn edges, 
caused by stretching of the chorioid (Salzmann). 


7. In correspondence with its function, the uvea is very richly supplied 
with vessels, and is hence also called the tunica vasculosa. The vascular 
system of the uvea, which is known as the system of ciliary vessels, has but 
few anastomoses with the conjunctival vessels at the margin of the cornea, 
and still fewer with the vascular system of the optic nerve and the retina at 
the border of the foramen sclere. But within the uvea itself the anasto- 
moses are very abundant. The arteries are connected by means of two 
arterial arches, one at the root of the iris, the other close to the pupillary 
margin. The veins in the chorioid are arranged in whorls or vortices, and 
the veins belonging to any two adjoining whorls are connected by a series 
of arched anastomoses. 
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Hence, disturbances of circulation in the chorioid can be compensated for much 
more readily than in the retina, whose vessels possess no anastomoses connecting them 
together. The evidences of vascular occlusion—embolism and thrombosis—which in 
the retina afford such characteristic clinical pictures, in the uvea can at most be demon- 
strated anatomically, and produce no symptoms that can be clinically recognized. The 
only unfavorable factor in the circulatory conditions of the uvea is caused by the arrange- 
ment of the veins as they leave the eye. The vortex veins have to carry off out of the 
eye almost all the blood of the uvea. Owing, therefore, to the impossibility of speedy 
compensation, ligation of these veins leads to serious disturbances of circulation and to 
- increase of tension. The vortex veins are not numerous in comparison with the abundant 
network of veins in the uvea, and in the region of the equator are unfavorably placed, 
in that the blood from the posterior half of the uvea must enter them by a retrograde 
course (i.e., from behind forward). Furthermore, the very oblique course of the vortex 
veins through the sclera in comparatively narrow and indistensible canals may lead to 
interference with the discharge of blood from the eye. 

In the anterior segment of the eye the richness of the uvea in vessels is of service 
in the secretion of aqueous, in the posterior segment is of service in the nutrition of the 
retina and the secretion of the constantly consumed visual substances—of which, to be 
sure, we know as yet merely the visual purple. Both objects are accomplished by the 
fact that the chorioid has a special arrangement of vessels. The large vessels, which do 
not allow nutrient matter to pass from them directly, are placed in the portion that is 
furthest from the retina, and, on the other hand, all the capillaries are united to form 
a single layer, which lies as close to the retina as possible. 

Like the cornea in the fibrous envelope, the uvea, too, has an optical function, apart 
from the above-mentioned production of visual substances. The muscular apparatus 
in the iris and the ciliary body help in securing distinctness of the retinal images, and 
the pigment content of the uvea together with the retinal pigment prevents diffuse 
light from getting through the iris, sclera, and chorioid and reaching the retina along 
with the ight that passes through the pupil. 


Ill. Inner Coat (RETINA) 


8. The retina originates from an eversion of the anterior brain vesicle, 
and is, therefore, to be regarded asaprotruded portion of the brain. It is the 
primordial part of theembryonic eye, about which the two other coats of the 
eye become differentiated later on. The structure of the retina is calculated 
to secure the best possible optical function. For this reason the retina must 
be transparent, since the light-perceiving layer of rods and cones lies on its 
posterior side. Hence connective tissue is wanting in the retina in every 
place except the walls of the blood-vessels, and even these are transparent. 
Moreover, since the blood-column in the vessels is opaque, it is reduced to 
a minimum. In many vertebrates the retina is very poor in vessels or is 
absolutely non-vascular, and in man the fovea centralis, at least, which is 
the spot that is most important for vision, is destitute of vessels. 


The optical advantage which arises from this scantiness of vessels entails, it is 
true, a disadvantage in that the retina, owing to its great consumption of material, 
does not find sufficient maintenance in its own vessels, but both for nutrition and for 
function is also dependent on the vessels of the chorioid. The vessels of the retina proper 
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lie in the inner layers, the vessels of the chorioid (chorio-capillaris) adjoin the outer 
layers of the retina, and consequently the inner layers are nourished by the retinal, the 
outer by the chorioidal, vessels. Neither one of the two vascular systems suffices by 
itself to maintain the function of the retina, and the latter, therefore, is dependent on 
both. Diseases of either one system or the other cause injury to the retina. And there 
is the additional fact that the relations of the circulation are very unfavorable for the 
compensation of circulatory disturbances. The retinal vessels have no anastomoses 
with each other. The retinal arteries are end-arteries, and closure of any of them at 
once puts the section of retina that is supplied by it out of the circulation. Further- 
more, there are no anastomoses worth mentioning between the retinal and ciliary systems 
of vessels, so that the latter, whose circulatory relations are far more favorable, cannot 
substitute for the former. These circulatory relations together with the extremely 
delicate and complicated structure of the retina cause it to be readily diseased in spite 
of its protected situation. 

Diseases of the retina which are set up through the medium of its own vascular 
system occur either as the result of circulatory disturbances (rupture, contraction, or 
occlusion of the vessels), or because toxic substances are carried to the retina through 
the blood (nephritic, diabetic, naphthalinic retinitis, etc.), or finally because the bacteria 
that are in the blood are arrested in the capillaries of the retina (this occurring probably 
in many forms of retinitis besides true metastatic retinitis in the narrower sense of the 
word). The influence of circulatory disturbances in the ciliary system of vessels upon the 
retina has been studied experimentally in animals, in whom ligation of the posterior 
ciliary arteries produces, first, necrosis with cloudiness of the retina, and afterward 
atrophy and pigmentation. In man the results of such a circulatory disturbance are not 
precisely known, but it is certain that in places where the chorioid has lost its vessels 
the retina in its outer layers becomes atrophic, too—this happening, for example, in 
high myopia, in which, corresponding to the atrophic spots produced in the chorioid 
by stretching, there are blind spots in the retina. Moreover, when the ciliary vessels 
bring phlogogenic substances or bacteria into the chorioid and set up inflammation 
there, the retina, too, must suffer at once on account of the intimate relationship between 
it and the chorioid. In an anatomical sense there is no unmixed chorioiditis, but simply 
a retino-chorioiditis, the outer layers of the retina over the chorioiditic spot being imph- 
cated as well. 


IV. Lens 


9. The lens subserves optical purposes exclusively, and in many 
regards behaves like the cornea. Its optical function is not associated with 
consumption of matter, and hence nutrient materials are required by the 
lens only in extremely small quantities in order to keep the capsular epithe- 
lium and the lens fibers from dying. This nutrient material the lens receives 
from the surrounding liquids—the vitreous and mainly the aqueous—by 
diffusion through the lens capsule. Definite preformed channels for the cir- 
culation of liquid within the lens do not exist. That metabolism in the lens 
goes on with extreme slowness is proved by the fact that pathological proc- 
esses in the lens (opacities) often remain stationary for an uncommonly 
long time, or spread but very slowly. 

In another regard, too, the lens is like the cornea. The lens fibers, like the fibers 


of the cornea, have the property of absorbing liquid in considerable amount and con- 
sequently of swelling up and becoming opaque. If after opening the capsule we place 
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a lens in water, or if in the living eye by opening the lens capsule we give the aqueous 
access to the lens fibers, the lens becomes cloudy and swollen. As in the case of the 
cornea, we must ask by what means under normal conditions the lens is protected from 
the entrance into it of the aqueous. Just as in the cornea it is not Descemet’s membrane 
but its endothelium that keeps the aqueous back, so in the case of the lens it is not, or 
at least only in slight degree, the capsule, but mainly the epithelium of the latter that 
effects the same object. Hence every lesion of the capsular epithelium leads sooner or 
later to cloudiness of the lens. Thus are explained not only traumatic cataracts with 
rupture of the capsule, but also many other cases of cataract in which the epithelium 
is injured without rupture of the capsule. This behavior on the part of the lens finds 
practical application in the procedure of making a partially clouded lens completely 
opaque (artificial ripening of cataract). This procedure consists in the massage of the 
anterior surface of the lens, so that the capsular epithelium is injured by compression. 
Another cause of clouding of the lens is afforded if the composition of the aqueous or 
vitreous is essentially altered, or poisonous substances are present in these liquids, so 
that now as a result of diosmosis through the intact lens capsule the liquid that perme- 
ates the lens undergoes a change of composition. In this way either the capsular epithe- 
lium may be injured and thus the lens fibers be rendered cloudy in an indirect way, or 
the lens fibers may be affected directly. Thus are explained the opacities of the lens 
dependent on poisoning (e.g., naphthalinic cataract) and also most cases of complicated 
cataract, in which by disease of the inner coats of the eye an essential change is set up 
in the aqueous or vitreous, [Cf. also §§ 488, 490.] 


V. CIRCULATION OF THE LYMPH 


10. With regard to the circulation of lymph in the eye, there must be 
considered the passage of nutritive material into the eye (secretion) and its 
discharge from the eye (excretion). 

The secretion of the fluids of the eye takes place almost exclusively 
through the uvea. Besides the fluid that permeates the tissues there is 
found a pretty large accumulation of fluid in the anterior and posterior 
chambers of the eye, which are hence known as lymph spaces. To call the 
aqueous lymph, however, is incorrect, inasmuch as the aqueous in distine- 
tion from lymph contains only traces of albumin and but few salts, and fur- 
thermore does not clot when drawn from the eye by puncture of the cornea. 
Clotting occurs only under pathological conditions, when the aqueous at 
once acquires a large content of fibrin and often forms a clot even when 
still within the living eye. 

For the secretion of the aqueous the iris and ciliary body are of moment. 
That the iris alone does not secrete the aqueous is evident, since even in 
cases of absence of the iris—congenital or traumatic—the anterior cham- 
ber has its usual depth; and in such eyes, too, the aqueous when drawn off 
is rapidly replaced. But it does not follow from this that the iris has noth- 
ing at all to do with the secretion of the aqueous; a small quantity of the 
latter probably is derived from the anterior surface of the iris, even though 
this cannot be proved with certainty. 


[While it is generally agreed that the intra-ocular fluids are exuded from the uvea, 
opinicns differ as to the way in which this takes place, some saying that there is a true 


re 
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secretion by the. ciliary epithelium, others that there is a simple filtration, and others 


still that a combination of the two processes occurs (Elliot). According to Priestley 


Smith, it is likely that the aqueous proceeds mainly from the ciliary processes, the 


_ vitreous mainly from the orbiculus ciliaris —D.] 


The aqueous secreted by the iris can leave the eye again by way of the ligamentum 


_ pectinatum. But the aqueous that is produced by the ciliary body has no direct exit. 


It must first pass through the pupil in order to get out through the angle of the aqueous 
chamber. Hence when in seclusion of the pupil the communication between the two 
chambers is interrupted, the liquid accumulates in the posterior chamber and pushes 
the iris forward at the expense of the depth of the anterior chamber, whose contents, how- 
ever, can still flow off so long as the root of the iris is not jammed against the periphery 
of the cornea so that the ligamentum pectinatum is blocked. , 
In any event, since more aqueous is secreted by the ciliary processes than by the 
anterior surface of the iris, a continuous flow of aqueous must take place from the pos- 
terior into the anterior chamber (and from here through the ligamentum pectinatum 
out of the eye). This flow is conceivable as taking place in two ways: either (1) the 
aqueous, being secreted in a uniform manner by the ciliary processes, flows quite uni- 


_ formly, too, and in an imperceptible current through the pupil; or (2) the aqueous does 


not flow forward through the pupil continuously, since the margin of the pupil is held 
against the lens by the pressure of the liquid in the anterior chamber or perhaps by the 
tone of the sphincter pupillw, and is lifted away from the lens only from time to time 
when the pressure in the posterior chamber has slowly increased until it is somewhat 
higher than in the anterior chamber, the result being that the aqueous discharges itself 
at intervals through the pupil into the anterior chamber. In this latter case the pressure 
in the two chambers would be subject to differences with periodic equalization, although 
one must conceive of these differences in pressure as being extremely slight. There are 
one or two observations which argue the possibility of such differences in pressure even 
when the pupil is normally open. 

A continuous flow of liquid in the aqueous chamber results from the fact that the 
aqueous that is in contact with the vascular iris grows warmer and hence ascends, 
while that in contact with the posterior surface of the cooler cornea becomes cooler and 
hence descends. 

The poverty of the aqueous in dissolved substances arises from the fact that the 
blood plasma does not pass as such through the vessel walls, but that in this passage 


certain substances are kept back, first by the vessel wall itself, and also, so far as the 


ciliary body is concerned, by the epithelial wall of the latter. It is a matter of impor- 
tance that, in common with the other substances, the protective bodies which are already 
naturally present in the body and which are increased in cases of disease, fail to pass 
from the blood into the aqueous. The want of such substances in the aqueous favors 
(in the same way as has been shown to hold good for the cornea) the outbreak of bac- 
terial diseases. ‘Thereafter, however, owing to the inflammatory irritation and the 
dilatation of the vessels that are associated with it, there results the passage not only 
of an increased amount of albumin and fibrin, but also of the above-mentioned protective 
bodies, into the aqueous, and thus the inflammation produces a coincident change in 
the conditions of secretion which is calculated to combat the harmful agencies. 

With respect to the quantity of aqueous that is secreted in a given time, formerly 
very exaggerated ideas were entertained. Observers allowed themselves to be led astray 
by the fact that after the aqueous is drawn off the anterior chamber fills full again in 
about six minutes. But it has been shown that the newly accumulated aqueous is 
essentially different from the normal; that, in fact, it is very rich in albumin and fibrin. 
By the paracentesis the ocular tension is suddenly very much reduced; the blood flows 
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in greater quantity than usual into the vessels, since they have been relieved of the 
pressure, and distends them, so that a liquid rich in albumin can pass through their 
walls. The stormy course of this process is proved by the changes found by Greef in 
the ciliary body, whose epithelium soon after the paracentesis is in places detached in 
the form of vesicles by the liquid which flows abundantly from the vessels. After para- 
centesis, moreover, just as in the case of inflammation, the protective bodies present in 
the blood pass over into the aqueous. We have, therefore, in the withdrawal of the 
aqueous a means of transferring these bodies into the aqueous, a fact by which is 
explained the therapeutic effect of paracentesis in many cases. 

The rapid accumulation of aqueous after it has been drawn off is, therefore, favored 
by the artificial change of the pressure relations in the interior of the eye; but it would 
be a mistake to draw from this a conclusion as to the physiological secretion of aqueous. 
This certainly takes place with comparative slowness. According to Leber’s observa- 
tions, it takes three-quarters of an hour or perhaps longer for the aqueous to be completely 
renewed. 

According to others, the aqueous is renewed even more slowly and perhaps, indeed, 
is scarcely renewed at all (Hamburger), 


11. The outflow of liquids from the eye—ezxcretion—must, obviously, 
so far as its quantity is concerned, be precisely equal to the inflow, as long 
as the intra-ocular pressure remains the same. As regards the path of the 
outflow, it must be premised that, both in the eyeball itself and in the orbit, 
lymph vessels are wanting, the conjunctiva of the eyeball alone possessing 
them. Hence the outflow, so far as it occurs in preformed channels at all, 
can take place only by means of lymph spaces. 


The lymph spaces of the eye are in part recognizable anatomically, when for ex- 
ample they are lined by endothelium, which, however, is not the case for all tissue 
spaces in which lymph can flow. In that case experiment serves to demonstrate the 
lymph passages. Hither there are brought into the blood channel chemical substances, 
for instance potassium iodide, which can be readily recognized and which are first 
poured out into the eye, and then leave it again, in doing which they ean be followed 
on their way by means of the characteristic chemical reaction (Leplat); or colored 
solutions (carmine, Prussian blue), or fine suspensions (india ink), are injected into the 
interior of the eye (anterior chamber, vitreous), when they indicate by the coloration 
the path by which they leave the eye. Thus there has been found by an injection of a 
solution of Prussian blue into the anterior chamber, that after a short time a blue 
coloration can be traced through the ligamentum pectinatum into Schlemm’s canal, 
and from there into the ciliary veins that anastomose with it (Schwalbe, Leber), 


12. The lymph passages of the eye (Fig. 1) are distinguished into 
anterior and posterior. 

The anterior lymph passages carry out the aqueous. This leaves the 
anterior chamber through the ligamentum pectinatum. The latter by the 
superposition of numerous fenestrated lamelle forms a fine filter (Figs. 147 
and 148) which does not transmit larger corpuscular elements, such as, for 
example, the red blood corpuscles, but only liquids and minute particles. 
According to the prevalent view these latter pass from here into Schlemm’s 
canal, which is a venous circular sinus. Through the latter, therefore, and 
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the ciliary veins that anastomose with it, by far the greatest part of the 
lymph leaves the eye.” 


Since the ligamentum pectinatum is the main channel of outflow for the eye fluids 
very serious troubles are produced by its occlusion. The fluid is retained in the eye andl 
increase of tension develops which leads to blindness. Injury to the filter of the foamed! 
tum pectinatum may occur in general through the following different processes; (1) 
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Fic. 1.—Lympn PassaGEs OF THE Ey. (SCHEMATIC.) 


S, Schlemm’s canal; c, anterior ciliary veins; h, hyaloid canal; p, perichorioidal space, which 
communicates by means of the ven# vorticose, », with Tenon’s space, ¢, t; s, supravaginal space; 7, 
intervaginal space; e¢1, continuation of Tenon’s capsule upon the tendons of the ocular muscles (lateral 


invagination). 


occlusion of the minute openings by corpuscular elements which stick fast in them or by 
clots; (2) transformation of the delicate network into a tough and impermeable tissue by 
the remains of embryonic tissue or by inflammation; and finally (3) as a gross process, 
the apposition of tissue, usually the iris, which is applied to the inner surface of the hga- 
mentum pectinatum and thus cuts it off from the cavity of the anterior chamber (see 
§§ 453 and 461). These changes, which form the basis of increase of tension in the human 
body, can also in part be produced experimentally, and thus an artificial glaucoma can be 
set up. 

The iris must be considered as a subsidiary channel of outflow from the anterior 
chamber. The injection of india ink in a state of minutest subdivision into the anterior 
chamber shows that the particles of ink penetrate into the anterior layers of the iris, 


2 According to A. Thomson, the ciliary and iris muscles by their traction on the scleral spur (see 
Fig. 147) open Schlemm’s canal and the spaces of the ligamentum pectinatum, and so pump the aqueous 


out of the anterior chamber.—D 
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where they are then taken up by the blood-vessels and carried off. Penetration into 
the iris takes place chiefly through the openings on its anterior surface, namely, the 
crypts, through which the tissue of the iris is in free communication with the cavity of 
the anterior chamber. « Several clinical observations are explained by this fact. When, 
for example, after an iridectomy the anterior chamber is filled with blood, this usually 
disappears rapidly wherever it lies upon the iris, which in fact takes up the blood, while 
it stays for a long time upon the capsule of the lens in the area occupied by the pupil 
and the coloboma. 

The part played by the iris in carrying off the aqueous is usually regarded as insig- 
nificant, yet according to some the iris is just the part by which most of the aqueous is 
taken up, and the latter, moreover, is not discharged into Schlemm’s canal, but by way 
of the lymph sheaths of the anterior ciliary veins. 

13. The posterior lymph passages are: (1) The perichorioidal space 
(Fig. 1, p), i.e., the space between the chorioid and sclera in which lie the 
lax lamella of the lamina suprachorioidea. This space is continued outward 
along the vessels that pass through the sclera, especially along the venze 
vorticose, and thus communicates with (2) Tenon’s space (tf), which lies 
between the sclera and Tenon’s capsule. From this the lymph reaches the 
spaces which run along the optic nerve, namely, (3) the supravaginal space 
on the outer side of the dural sheath (s), and (4) the intervaginal space (7) 
between the sheaths of the optic nerve. Besides these there is assumed to 
be still another lymph passage in the posterior portion of the eye, which 
corresponds to the canalis hyaloideus or central canal of the vitreous (h) and 
which in the embryo lodges the hyaloid artery. Pathological processes 
argue the existence of such a lymph passage which runs in the vitreous 
straight back to the head of the optic nerve, for even in slight inflammations 
of the anterior portion of the eye the papilla of the optic nerve is found to 
be implicated, even when the posterior portion of the eye otherwise is still 
normal, so that we must assume that irritant substances from the focus of 
inflammation can get to the optic nerve first by a direct channel through 
the vitreous. 

In any case, the posterior lymph passages carry only a very small fraction of the 
lymph out of the eye. Whether there are diseases which are referable to interference 
with this discharge of lymph posteriorly is uncertain, 


VI. IntTrRa-OcuLarR PRESSURE 


14. The intra-ocular pressure is intimately connected with the lymph 
circulation. This pressure is practically the same in the three cavities of the 
eye, namely, the anterior and posterior chambers and the vitreous. No 
differences in pressure worth mentioning’ can exist between the anterior 
and posterior chambers, since they would be at once equalized by way of 
the pupil. Again, any great differences in pressure between the cavity of the 


_ §([This statement seems open to criticism. As Elliot points out, the very fact that there is a 
continuous inflow and outflow of liquid proves that the pressure at the point of entry is higher than 
at the point of exit. The difference in pressure, to be sure, is slight, but is important since, if it did 
not exist, there would be no flow at all.—D.] 
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two chambers and the vitreous are impossible, even though a diaphragm— 
the lens and the zonula—is interposed between the two, for this diaphragm 
can bedisplaced forward or backward too easily for such differences to occur, 
and, moreover, it is not perfectly impermeable to liquid. Considerable 
differences of pressure between the separate cavities of the eye can occur 
only under pathological conditions. For example, it may occur in the 
region of the anterior and posterior chambers in seclusion of the pupil, when 
the pressure in the posterior chamber rises high above that in the anterior. 
Quite considerable differences in pressure between the cavity of the two 
chambers and the vitreous may occur when the diaphragm that separates 
the two is rendered unyielding and impermeable by cyclitic membranes. 

So far as normal conditions are concerned, we may for the purpose of 
simplifying the study of the conditions of pressure leave the lens out of con- 
sideration, and think of the eyeball as a capsule which comprises a single 
cavity filled with fluid. The fluid contained in the capsule exerts upon the 
inner surface of the latter a pressure which, in accordance with the laws of 
hydrostaties,* is transmitted with the same intensity in every direction, and 
hence presses with the same weight upon every unit of surface of the wall. 
A square millimetre of the posterior surface of the cornea has, therefore, the 
same pressure to bear as a square millimetre of any portion of the sclera. 

15. The intensity of the intra-ocular pressure depends upon the rela- 
tion between the capacity of the capsule and the amount of its contents. If 
the former becomes smaller, or the latter greater, the pressure rises, and 
vice versa. The capacity of the capsule of the eye is dependent on the area 
-and shape of the cornea and sclera and on the elasticity of these membranes. 
Under physiological conditions, it undergoes such inconsiderable variations 
that the latter may be neglected and the capacity regarded as constant. 
The variations in intra-ocular pressure are hence referable to changes in the 
amount of matter contained in the eyeball, which may be increased or dimin- 
ished. For example, the pressure at once sinks considerably when the aque- 
ous has been discharged by puncture of the cornea. 

Those portions of the contents of the eyeball whose amount is readily 
variable are the aqueous, the vitreous, and most of all the blood that circu- 
lates in the vessels of the inner tunics of the eye. Every increase or decrease 
of blood pressure in these vessels must result in a corresponding change in 
the ocular tension. It may be stated as a general proposition that the blood 
pressure in the vessels of the interior of the eye must always be a little 
higher than the intra-ocular pressure, because otherwise the arterial blood 
could not flow into the eye. When the blood pressure ceases, for example, 
at death, the tension of the eye drops at once. Owing to the small size of 


4[Again, as Elliot shows, the question is one of hydrodynamics rather than hydrostatics. In 

other words, we are dealing with a liquid mass in motion and not at rest. Nor is the eyeball a closed 
_ capsule, but one within which the pressure must vary, though under normal conditions very slightly, 
at different points. This fact does not invalidate the essenttul accuracy of the statements in the text. 
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the vessels of the eye, the pulsatory variations of the blood pressure are so 
inconsiderable that the variations of the intra-ocular pressure which corre- 
spond to them are in large part compensated for by the elasticity of the 
fibrous coats of the eye. But even great and lasting changes in the blood 
pressure can affect the pressure in the eye for a moment only, and not per- 
manently, because of the self-regulating action to be described later. 

Under physiological conditions, variations in pressure can also be pro- 
duced by the action of external stress. Every pressure exerted upon the eye 
from without increases the intra-ocular pressure by its own amount. 


Hence, if with the finger we make gradually increasing pressure on the eyeball, and 
at the same time examine the eye with the ophthalmoscope, we see the retinal arteries 
become empty as soon as the pressure has reached a certain amount. For, owing to the 
external stress, the intra-ocular pressure has risen till it has become higher than the blood 
pressure in the central artery of the optic nerve, so that now both the latter and its 
branches are compressed. Under normal conditions the eye often undergoes pressure 
due to contraction of the eye muscles, and especially of the orbicularis palpebrarum 
when the lids are squeezed together. This, we may say, receives ocular demonstration 
in cases in which there is a thin place in the coats of the eye, for example, the thin floor 
of an ulcer or, better yet, a prolapse of the iris. Such a place, like a Marey’s tambour, 
indicates by its protrusion and recession the variations of the intra-ocular pressure. In 
such cases we can see very clearly how in crying or coughing (owing to increase of the 
blood pressure), or how when the lids are squeezed together, the thin spot distends, and 
under certain conditions actually ruptures. The more prominent the eyeball is, the more 
powerfully can the recti muscles, and especially the orbicularis, press on it, and hence 
cataract operations, for example, are particularly dangerous in very protruding eyes, 
because in.them vitreous can be expelled from the wound very readily by pressure on 
the part of the patient, 


16. Although persistent variations of the blood pressure and contrac- 
tions of the muscles surrounding the eye influence the ocular pressure, 
the latter, nevertheless, except for minimal variations, remains constant. 
That is, a process of self regulation of the pressure oecurs, inasmuch as 
the outflow of fluid through the lymph passages (excretion) changes with 
the changing pressure. The rapidity of filtration of the aqueous of the 
eye depends, as in the case of any filter, upon the difference of pressure 
on the two sides of the filter. When, therefore, [either from external stress 
or internal accumulation] the pressure in the interior of the eye rises, 
more aqueous runs out, and vice versa. Moreover, the ocular pressure 
is also regulated, although, to be sure, more gradually, by the fact that it 
itself affects the fulness of the vessels in the interior of the eye, and thus 
indirectly affects secretion. When the ocular pressure rises, less blood 
flows into the interior of the eye, and because the vessels are less full the 
discharge of fluid into the interior of the eye diminishes. The reverse 
takes place when there is diminution of pressure. Such diminution is 
particularly great after escape of the aqueous. The direct consequence 
of this is a marked dilatation of the vessels in the interior of the eye, be- 
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cause the blood pressure in the latter is no longer supported in part by 
the intra-ocular pressure, but is supported simply by tbe vessel wall, 
which is not strong enough to withstand it, and hence distends. Owing 
to the dilatation of the vessels the secretion of fluid in the eye increases 
so that the normal pressure is soon restored. 


This self regulation of the ocular pressure explains why an eye in which the lens is 
absent is no softer, inasmuch as the absent lens is replaced by aqueous, and why, on the 
other hand, when the volume of the lens increases (cataracta intumescens), no increase of 
pressure occurs, inasmuch asa correspondingly less amount of aqueousis present in the eye. 

Another factor besides the circulation of blood and of ocular fluids in the interior. 
of the eye, that is of significance for the maintenance of the intra-ocular pressure, is 
found in the osmotic processes. If the salt content and, consequently, the osmotic 
pressure of the blood increase (e.g., by the injection of salt or by the injection of salt 
solution into a vein), water is withdrawn from the eye into the blood, and the eye, conse- 
quently, becomes softer (Hertel). The increase in tension which we get, if we inject 
dilute acids into Tenon’s space (Fischer), is produced by swelling of the sclera. 

A certain regulating influence upon the ocular pressure belongs also to the nerves, 
the trigeminus and the sympathetic. Irritation of these nerves increases the ocular 
pressure; section of them decreases it. Hence extirpation of the cervical ganglion of the 


_ sympathetic has been recommended as a remedy for increase of tension, but has not 


proved efficacious, because the diminution in tension following division of the sympa- 
thetic is but transient. Many cases of sudden diminution in tension which are not 
otherwise explainable (for example, those occurring after contusions, erosions, and in- 
flammation of the cornea), are referable to the influence of the nerves. 

[Since external pressure on the eye produces increased outflow, the eye when the 
pressure is released is less full and hence softer than before. Hence, external pressure 
produced, e.g., by massage or a pressure bandage, temporarily reduces the intra-ocular 
pressure. When outflow is impeded, as in eyes that are glaucomatous or predisposed 
to glaucoma, this effect is less marked.—D.] 

The miotiecs, as is well known, are employed in order to diminish the tension in 
glaucomatous eyes, while the mydriatics, on the other hand, can set up a glaucomatous 
increase of tension in eyes predisposed to glaucoma. [Even in normal eyes eserine or 
pilocarpine in 14-per-cent solution reduces the intra-ocular pressure by 3 to 8 mm. 
of mercury, the effect lasting from one to two hours or longer. Atropine has no 
effect on normal eyes. Cocaine diminishes the pressure from 1 to 4 mm. in normal 
eyes and still more in eyes that are hypotonic, while in glaucomatous eyes it acts like 
other mydriatics and increases the pressure. The intra-ocular pressure in also increased 
by sub-conjunctival injections, the effect lasting some hours (Liibs).—D.] 


The intra-ocular pressure can be measured directly only by plung- 


ing a fine cannula into the interior of the eye and putting it in commun- 


ication with a manometer. It has been found in this way that in a healthy 
human eye the pressure amounts to between 20 and 30 mm. of mercury; 
under pathological conditions it may rise to 100 mm. In practice, this 
method of measurement is not applicable, since it is associated with injury 
to the eye. If the coats of the eye are uninjured, however, we cannot test 
the ocular pressure, but only the tension to which the fibrous coat of the 
eye is exposed by the pressure acting upon it. For the methods of testing 
the tension of the eye, see § 81. 
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17. SIncE in the special part of the work the diseases of the eye will 
be discussed according to their site and the anatomical changes that they 
set up, here, in their general consideration, the etology will be taken as a 
starting point. The injurious influences which lead to morbid changes 
are in a very general way either physical, mechanical, chemical, or para- 
sitic. Their effects, to be sure, cannot by any means be sharply differen- 
tiated in any individual case, and in most cases several of these injurious 
influences act in combination. Finally, as additional causes of disease 
should be considered degenerative processes and a congenital faulty con- 
stitution, both of which conditions in the last analysis are referable to 
the injurious influences first mentioned without its being precisely known 
in what way these latter act. 


I. PuoysicaL Sources or INJURY 


(Heat, Ligut, ELEcTRICITY) 


18. |The spectrum of any source of light along with the visible rays 
contains also those which are invisible. Adjoiming the red end of the spe¢- 
trum with its long wave-lengths are rays of still greater wave-length, the 
ultra-red or heat rays. Beyond the violet end with its short waves lie the 
ultra-violet rays of still shorter wave-length, which are chemically active. 
But visible waves of the spectrum also have both a thermic and a chem- 
ical action. When, therefore, irritation or inflammation of a tissue develops 
as a result of intense radiant energy, the injurious effect may depend either 
on the action of light, in the narrower sense of the word, or on a thermic 
or a chemical action, or on all three together. This can be determined in 
many cases by experiment, by passing light through special filters which 
transmit only one variety of rays. Heat rays do, but the luminous or 
ultra-violet rays do not pass without hindrance through a blackened plate 
of rock salt. On the other hand, heat rays are absorbed by water, especi- 
ally by a solution of alum, and hence are not transmitted. The ultra- 
violet rays pass through rock erystal, but are kept back even by ordinary 
glass and to a still greater degree by a glass that is colored red or yellow, 
and also by fluorescent substances (e.g., a solution of quinine) and by cer- 

ain hydrocarbons. Thus we are able to study independently of each 
other the action of rays of long and short wave-lengths upon the skin or 
on the eye. 

19. The injurious effect of great heat in causing burns has always been 
known. To higher degrees of radiant heat are exposed particularly those 


who work by a fire, for example, workmen at steel forges. The skin pro- 
20 
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tects itself against radiant heat by abundant sweating. The evaporation 
associated with this withdraws heat from the skin, and the same is true of 
_ the constantly moist surface of the eyeball, so that an injury of the super- 
ficial portions of the eye does not occur. How is it with the deeper parts? 
Through the refractive media of the eye the heat rays are refracted just 
like light rays, and are united into a focus situated on the retina, and they 
may develop there a considerable heat effect, just as we can by means of a 
strong lens set fire to a match held at its focus. But, to oppose this, is 
the fact that the media of the eye which contain such a large amount of 
water absorb the heat rays to such an extent that they scarcely reach the 
retina at all. [A large proportion of them—25 per cent according to 

/ogt—do pass through the cornea and sclera and reach the aqueous and 
superficial portions of the vitreous. Even so, they seem to cause trouble 
only when their action is very intense and is prolonged over a considerable 
period of time.—D.] Indeed, the only injury to the eye which can with 
probability be referred to radiant heat is glass-blowers’ cataract (see § 487). 

20. The visible rays, when they act too strongly, cause mainly a trouble- 
some sensation of dazzling which produces blepharospasm and when it is 
of high degree is associated with actual pain in the eye. This pain due to 
dazzling cannot emanate from the retina, because the latter has no sen- 
sory nerves. These are present only in the anterior portions of the middle 
coat of the eye, i.e., in.the ciliary body and the iris, which are both rich in 
such nerves. The ciliary body itself is not impinged upon by the light nor 
does it undergo change of any sort when light acts upon it, and hence it 
is not in question. The iris, on the other hand, contracts very energeti- 
cally whenever the light acts strongly, so that the pain due to dazzling, 
like the pain that follows the instillation of eserine, is accounted for by 
the traction upon the nerves of the iris. [It seems questionable whether 
spasmodic contraction of the ciliary muscle may not also occur; not from 
the direct action of light, but in a reflex way. Moreover, the discomfort 
produced by excessive and ill-directed light is due not only to painful 
contraction of the iris, but also to conjunctival irritation (causing 
“sandiness” of the lids) and possibly, too, to fatigue of the extra-ocular 
muscles (Ferree). Probably part of the discomfort, particularly the con- 
junctival irritation, is due to the ultra-violet rays (see page 23).—D.] 

Differing from the pain of dazzling, is dazzling itself, which is appre- 
ciated as a disturbance of sight. 

It occurs when either too great an amount of light or too much diffuse light falls upon 
the retina. Excessive diffusion occurs either because there is an opacity in the refracting 
media of the eye or because the light is too intense. In the former case the disturbance 
of vision that takes place is explained as follows: In the normal eye the images of the 
objects in the visual field lie upon the retina, side by side and sharply separated from 


each other, the bright and dark parts in contrast. Now, if by means of a spot of opacity 
upon the cornea light is diffused uniformly over the whole retina, the distinction between 
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the light and dark portions of the retinal images becomes less striking. The following ~ 


comparison may illustrate these conditions: In a well-taken photograph all details are 
seen sharply and distinctly. But if it is rather highly glazed, and we look at it obliquely, 
the glazing shines so that the details of the photograph can no longer be distinguished. 
As the glazing is perfectly transparent, the rays emanating from the photograph still 
arrive at our retina and produce there sharp images of the details of the photograph. 
But in addition there come numerous rays reflected from the surface of the glazing which 
so flood the whole retina with light that sharp retinal images are, so to speak, drowned out. 

Vision is reduced for the same reason, and a sensation of dazzling develops when 
the illumination is much too intense. How is the diffusion of light effected in this case? 
The normal cornea is not, as is ordinarily assumed, absolutely transparent. We can see 
this from the fact that a portion of the cornea, which has light concentrated upon it by 
focal illumination, looks gray, insomuch that the tyro might suppose that there was a 
pathological opacity of the cornea. The cornea, therefore, always reflects a certain 
quantity of light. The like is true of the lens, and, generally, of all the refracting media 
of the eye. Because of this imperfect transparency of the refracting media, light dif- 
fusion takes place even in the normal eye, although, to be sure, under ordinary circum- 
stances, it is too inconsiderable to excite notice. But when the illumination is veryintense 
diffusion is disturbing because then an unusual amount of light diffuses over the retina. 
Moreover, if the illumination is very strong light also enters the interior of the eye 
through the non-transparent membranes (sclera and uvea) outside of the pupil, and adds 
to the dazzling. 

Light that is too intense causes disturbance of sight notonly by producing diffusion 
but also because the portions of the retina upon which it impinges become temporarily 
undersensitive, owing to the great consumption of visual substances. Everybody knows 
the troublesome after imageswhich one gets so readilyin looking at a sunset, and which 
cause disturbance in vision for some time. From prolonged looking at the sun, or other 
powerful sources of light (for example, electric light), a permanent disturbance of sight 
may result, there remaining for all time, at a point corresponding to the spot where the 
image of the sun was cast upon the retina (that is, as a rule, at the macula lutea), an area 
of indistinct vision, i.e., a central scotoma, so that minute vision, such for example as is 
required in reading, is permanently impaired. In serious cases of this kind, moreover, 
we find with the ophthalmoscope pigment changes in the region of the macula lutea, 
proving that actual pathological alterations of tissue were set up. After every 
eclipse of the sun, numerous cases of this sort are observed among persons who 
watched the eclipse with glasses which were not sufficiently smoked. Since the 
refractive media of the eye unite the sun’s rays upon the retina to form an image of the 
sun (just as a glass lens does at its focus), it was formerly supposed that the retina was, 
so to speak, burned at the point at which the image of the sun was formed. But, we 
have learned above, the heat rays, on account of their absorption by the watery media, 
practically never reach the retina. Even for the ultra-violet rays the fact holds good, 
that they are kept back in good part by the media of the eye, so that the injury to the 
retina must, therefore, be attributed to the visible rays of the spectrum. Since under 
normal conditions these rays excite movement of the retinal cones and the retinal pig- 
ment, it can be understood how an increase of this process above a certain point may 
lead to pathological changes. 

Another consequence of dazzling is erythropsia (red vision, from épvApdéc, red). When 
after being exposed to a strong light for quite a long time we go into a poorly-lighted 
room, we at once see the dark surfaces appear green, the bright surfaces (for instance a 
window in the room), vividly purple, as if there were a fire outside. Usually this phe- 
nomenon lasts only a few minutes, but in patients who have been operated on for cata- 
ract it may happen that the erythropsia extends over the whole day, or returns on the 
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following day in the morning or evening, so that the patients become very much con- 
cerned. Under ordinary conditions this phenomenon is observed only in persons with 
slightly pigmented and very sensitive eyes, and in them only to a very slight degree. It 
occurs more frequently when people are exposed to a prolonged dazzling from snow upon 
which the sun is shining, and if under these conditions the pupil is artificially dilated, 
erythropsia can be produced in anybody. But it is found most frequently in persons in 
whom the pupil has been enlarged by an operation (iridectomy) and particularly so, if 
at the same time the lens has been removed, i.e., in persons who have been operated on 
for cataract. It was through the latter, indeed, that we first learned to recognize ery- 
thropsia. When those who have been operated on for cataract lay aside their dark glasses 
some time after the operation and are then, for the first time, exposed to strong sunlight, 
they are frequently alarmed by the red vision. Erythropsia can be set up by the visible 
rays alone, but a simultaneous action of the ultra-violet rays is very probable, since the 
dazzling produced by light reflected from snow, which light is very rich in such rays, is 
particularly apt to produce this symptom. To the same effect is the circumstance that 
aphakic eyes are affected, since in these, as will be shown later, ultra-violet rays reach 
the retina in greater amount than they do in other eyes. 
{Ocular discomfort, fatigue and drowsiness result from using the eyes by insufficient 
tlumination.—D |] 
21. The ultra-violet rays in sunlight are to a considerable extent 

_absorbed by the atmosphere. Hence we find them in sunlight in greater 
amount the higher we are above the sea. The richness in ultra-violet rays 
of artificial sources of light varies. Poorest in this regard are the candle 
and the oil lamp, then follow in order the different kinds of Welsbach 
light, acetylene gas, the electric incandescent lights (the more so the 

more modern they are, i.e., the more light efficiency they have with the 
' game strength of current), the arc lights, and lastly, the mercury-vapor 
lamp. The ultra-violet rays, if they enter the eye, are in large part absorbed 
_by the refractive media of the latter. The lens, indeed, not only absorbs 
a portion of the rays, but also transforms another portion into rays of 
greater wave-length—visible rays—so that the lens itself emits a grayish- 
green light (fluorescence of the lens). Hence, aphakic eyes receive more 
ultra-violet rays upon the retina than do those which contain a lens; con- 
sequently they see the spectrum prolonged at its violet end, and they are 
easily affected with erythropsia. Since the lens absorbs or transforms so 
much ultra-violet light, it would be quite conceivable that it should be 
injured by rays of this sort, and Hess has actually been able to produce 
slight opacities of the lens by great and long-continued exposure of the 
eye to the rays of ultra-violet light. [Such opacities, it is said, are more 
readily produced in lenses containing small amounts of sugar or certain 
salts, and it is argued that diabetic and glass-blowers’ cataract (see §§ 487, 
488) and even ordinary senile cataract are set up by the effect of ultra-violet 
rays acting on lenses of altered composition (Burge). This view still requires 
confirmation.—D.] It is true of the retina, as of the lens, that it can be 
injured experimentally by ultra-violet light. But in man this occurs only 
under unusual circumstances and, even then, only in a transient way. 


- 


24 TEXT-BOOK OF OPHTHALMOLOGY 


The ease is otherwise with the action of ultra-violet light upon the 
exterior parts, the skin of the lids and the conjunctiva. It has been 
proved by experiment (Widmark) that what has been so long known as 
sunburn, i.e., the erythema of the skin which one gets from the prolonged 
action of the sunlight, is produced not by the heat rays nor the visible 
rays, but by the ultra-violet rays. In travelling over the glaciers one is 
especially apt to get sunburn (called glacier-burn) because, at great eleva- 
tions above the sea, the sunlight is richer in ultra-violet rays, and this, 
moreover, is particularly the case with light that is reflected from the 
snow. When glacier-burn affects the eyes it is called snow blindness, 
because those who are affected by it are scarcely able to open their swollen 
and inflamed eyes. The same symptoms may be excited by intense 
electric light (in working with the flaming are light, or with the are pro- 
duced by short circuit, ete.), when it bears the name of ophthalmia elec- 
trica. [A less intense degree of acute conjunctivitis is produced by a few 
minutes’ exposure to the intense light of the are used in electric welding. 
(Collis) —D.] Snow blindness and electric ophthalmia have this fea- 
ture in common, that the patient feels nothing at first, and the inflamma- 
tory symptoms begin only after a latent period of from half a day to a day. 
These symptoms consist of swelling and redness of the lids and conjunctiva, 
and sometimes also of erosions of the cornea and contraction of the pupil, 
caused by the irritation. Dangerous as the condition appears to the laity, 
on account of the violent pain and the photophobia, it nevertheless passes 
off in a few days. Cold compresses, and the instillation of a weak solution 
of cocaine, to relieve the pain, suffice for its treatment. 

Such violent inflammations apart, the ultra-violet rays when they 
act less strongly seem also able to produce slighter changes of a chronic 
nature. Many persons who previously could work well by artificial light 
get into trouble after the introduction of the electric light, especially one 
rich in ultra-violet rays. They have a sensation of heat and burning in 
the eyes, and the edges of the lids and the conjunctiva are hyperemic. 
Some have thought that spring catarrh, a chronic inflammation of the 
conjunctiva, is attributable to the ultra-violet rays of sunlight, but weighty 
objections argue against such an assumption. 

The injurious action of light is obviated by protective glasses (see §45). 

22. Of the Rdnigen and radiwm rays when there has been too pro- 
longed action, there has been observed, not only in experiments upon 
animals but also upon man, injury to the eye, namely, inflammation of 
the exterior parts and degeneration of the retina. The latent period in 
these cases is much longer than it is in the case of the action of the rays 
we have just been considering, being from one to three weeks. In the 
therapeutic application of these rays to the adnexa of the eye, the eye 
itself should be protected by a shield of lead. 
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Lightning when it strikes the eye produces in it external injuries, chiefly burns and 
the inflammations that result from them. Moreover, in the interior of the eye there may 
occur opacities of the lens and atrophy of the optic nerve, but these conditions commonly 
do not become manifest until some time after the accident. They are produced not like 
the external injuries by the action of heat, but by the power possessed by the electric 
discharge to kill living cells even without the development of heat. Hess has proved 
this for the lens, showing that byelectric shocks the epithelium of the lens capsule is made 
to die, the result being a clouding of the lens. 


Il. Mecuanicat INJURIES 


23. Mechanical injuries of acute onset are wounds; those that act 
slowly are pressure, traction, ete. Into this matter we will not enter here, 
but only into one property of the eye, which belongs to it alone among all 
the organs of our body, and which leads to the most serious mechanical 
disturbances. The eye, in fact, is in large part a hollow structure filled 
with liquid which has no free communication externally, as the outflow 
of liquids takes place simply by filtration. The slight resilience of the 
envelopes of the eye affords a close comparison with the capsule of the 
skull. Increase of tension, due to a disproportion between capacity and 
contents, is a frequent occurrence both in the capsule of the eyeball and 
in that of the skull, and the consequences are analogous in both. When 
in youth the capsule is still capable of expansion, it gives way and enlarges 
(the eye in the case of hydrophthalmus, the skull in the case of hydro- 
cephalus), so that the contents have less to suffer from the pressure. On . 
the other hand, such injury from pressure is the more marked the more 
rigid the capsule has become with advancing age (in the eye by greater 
rigidity of the sclera, in the skull by ossification of the sutures). Then as 
a result of the pressure the delicate nerve elements are the first to suffer 
(in the eye the optic nerve in the case of glaucoma; in the skull, the brain 
in the case of intracranial increase of pressure). 

The lymph of the brain can flow off not only to the spinal cord but 
also forward in the intervaginal space of the optic nerve. Owing to the 
fact that in intracranial increase of tension Jymph accumulates in this 
space under high pressure, there is afforded a mechanical source of injury, 
which frequently causes the blindness occurring in diseases of the brain 
(choked disk). 

III. CuremicaL Sources or INJuRY 

24. Chemical injuries are by far the most frequent cause of patho- 
logical processes. The vital phenomena going on in cells are complicated 
chemical processes which are affected by every alteration in the chemical 
composition of the liquid surrounding them. In a more extended sense 
of the term, parasitic diseases also act to produce chemical injury. In 
itself the bacterium would add as little harm to the tissues and would be 
tolerated with the same absence of reaction as a granule of india ink, pro- 
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vided that like the latter it were chemically indifferent. But by the pro- 
duction of toxic substances micro-organisms produce an injurious effect 
locally; by the diffusion of these substances they act on the neighboring 
parts; and by transmission of these substances through the lymph and 
blood-vessels they act on remote organs. By its toxic products the diph- 
theria bacillus sets up the local inflammation in the throat, and by the 
toxins that pass over into the circulation it causes the fever and the par- 
alysis. Hence, diseases of chemical and parasitic origin cannot be sharply 
differentiated, and it is only from practical considerations that we will 
here regard as diseases of chemical origin those only in which the coincident 
action of microbes is, according to our present knowledge, excluded. 

Chemically active substances working upon the surface of the eye 
produce in it corrosion or inflammation. In the same way, chemically 
active bodies (for example, chips of metal which penetrate into the interior 
of the eye) commonly produce severe inflammation. Again, such inflam- 
mation is sometimes also set up by substances which in other places do 
not act to cause chemical irritation. For instance, atropine dropped into 
the conjunctival sac produces in some persons follicular catarrh or erythe- 
matous swelling of the lid. We must then suppose that there is a special 
individual susceptibility, which, in fact, makes itself so very evident in 
other parts also in the action of drugs (an example is the drug exanthems). 
This individual susceptibility plays a particularly great part in the case 
of organic poisons. It may be that some persons have in the fluids of 
their body substances which act to protect them against certain organic 
poisons and which are absent in other people. [It also happens that some 
are unusually susceptible to a poison, because their tissues haying once 
been affected by it are sensitized, or put into a state in which they react 
more readily to the poison than before. This sensitization, called ana- 
phylaxis, is illustrated in the susceptibility of tuberculous subjects to 
doses of tuberculin, too small to affect the healthy (see page 69).—D.] 

A good example of this sort of susceptibility is the conjunctivitis which accom- 
panies hay fever. This is produced by the pollen granules of the graminex which, passing 
through the air, get upon the conjunctiva and the nasal mucous membrane, and there 
eause inflammation by means of an organic toxic substance contained in them. The 
proof of the toxic nature of this inflammation is afforded by the fact that it is possible 
to prepare an antitoxin against it. But there are only a few people who are subject to 
hay fever, that is, who are susceptible to the corresponding toxin, and whose susceptibil- 
ity is actually increased as a result of having one attack of the disease. One who pre- 
viously free from hay fever comes into a region where it is frequent and acquires it there, 
in the following years gets it again readily, even when at home. [Other ocular diseases 
plausibly attributed to anaphylaxis are phlyctenular conjunctivitis (Verhoeff), paren- 
chymatous keratitis (Derby), and sympathetic ophthalmia (Elschnig).—D.] 

Conversely, against other organic poisons a certain immunity develops in the 
course of time. This, for example, is true of the jequirity bean, the infusion of which 
when placed upon the conjunctiva produces, as a result of the abrin contained in it, a 
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violent conjunctivitis, which, in consonance with its toxic origin, does not set in until 
after a certain period of latency. Not only can we prepare an antitoxin combating the 
action of abrin (Roemer) but after a jequirity conjunctivitis has once occurred it is not 
possible to produce a conjunctivitis by a second application of the agent except after a 
rather long interval. The like is true of dionin. 

A combined mechanical and chemical action probably lies at the bottom of those 
eases in which conjunctivitis is set up by small foreign bodies of a special sort (the hairs 
of the caterpillar, the hairs from certain species of primula, the dust from hyacinth 
bulbs). 

In other cases, the chemical noxa do not make their attack upon the surface, but 
from the blood, from which they are thrown out into the tissues that become affected. 
Two agents that are employed in skin disease, chrysarobin and naphthalin, are good 
examples of this. Chrysarobin often causes conjunctivitis, not only when it comes into 
contact with the conjunctiva locally but also when, starting from remote parts of the 
body, it undergoes absorption. Naphthalin, when ingested into the body, causes retinitis 
and opacity of the lens. 

Chronic inflammations or degenerative processes are produced by chemical poisons 
more frequently than are acute inflammations (so in the case of alcohol, tobacco and 
many other poisons). 


25. Autotoxis.—In addition to the poisons that are brought into it, 
the body is also harmed by those which it itself produces. A transition 
form between the introduced and the self-produced poisons are those 
which are developed in the digestive canal by abnormal processes of 
decomposition from nutrient materials which have been introduced there 
and are not in themselves toxic. By some, the cause of many diseases 
has been regarded as consisting in such intestinal auto-intoxications. 


Hitherto, however, but very few facts have been surely demonstrated, and intes- 
tinal intoxication is much too often forced to serve as a convenient etiology for the most 
various diseases. [It seems to be, at least occasionally, the cause of iritis and other 
diseases of the uvea, including glaucoma. It is often a question, however, whether the 
uveal disease in this case is due to the absorption of toxic food products, produced by 
faulty metabolism in the intestines, or to absorption of the toxins of the bacteria which 
cause the faulty metabolism.—D.] 

Likewise unproven as yet is the contention that eye diseases, and in particular 
chronic iritis, are caused by disease of the oral mucous membrane due to bad teeth, or by 
disease of the tonsils or the accessory cavities of the nose. [In the opinion of the trans- 
lator, however, the proof of this contention is now incontestably established by a series 
of cases, several of which he has seen himself.—D.] Better established and longest 
known is the etiologic part played by the metabolic diseases proper, like gout, diabetes, 
etc., even though the precise way in which the general disorder of metabolism causes 
the local disease (e.g., the iritis or retinitis in the case of the eye) is still obscure. 

Many diseases of individual organs lead to diseases of the eye, which not infrequently 
are the first thing that directs the attention of the physician to the causal affection, 
It is an acquisition of most recent times to have recognized that in many cases these 
inter-relations depend upon altered chemical action. We owe this knowledge in part 
to the discovery of the function of the glands which possess an interior secretion; 
disease being caused both by the increase of this secretion above the normal and by 
its cessation. Again, examination with sera has shown how, by utilizing the roundabout 
passage through another animal, we can study the interchange of action in the organs 
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of the same body. In this way it has been demonstrated that diseased organs can deposit 
in the blood the products of their metabolism or their decomposition which cause, almost 
like a regular chemical reaction, definite changes in other organs or tissues. Here is 
still a wide field for investigation lying before us. Only a few of the best known facts 
can be adduced as examples here. 

Upon hypersecretion of the thyroid gland depends Basedow’s disease, which in fact 
produces important symptoms in the eye. Deficiency of secretion of the thyroid gland 
on account of congenital or acquired absence of the latter leads to myxcedema. [Accord- 
ing to Dunn, acquired hypothyroidism causes certain forms of cyclitis, especially that 
occurring in interstitial keratitis due to hereditary syphilis——D.] Cessation of function 
of the parathyroid glands is the cause of tetany, among the consequences of which are 
opacity of the lens (particularly lamellar cataract) and inflammation of the optic nerve. 
Grave disturbances of nutrition, above all acromegaly, are produced by degeneration 
of the hypophysis, in which case the eye suffers, although, to be sure, indirectly, owing 
to pressure of the enlarged gland»upon the optic nerve. 

While it is only as a rare occurrence that we have to do with diseases of the eye that 
result from secretory disturbances in the glands having an interior secretion, cases are 
very frequent in which the eye, owing to chemical influence, is implicated in disease of 
other organs. The most frequent case of this sort (equally important for the ophthal- 
mologist and the internist) is the inflammation of the retina occurring in nephritis. 
Up to a short time ago, the connection between the two has been sought for in vas- 
cular changes or in the increase of blood pressure, conditions which both usually aecom- 
pany chronic nephritis; or it has been supposed to consist in the retention in the body of 
sodium chloride, due to its insufficient excretion by the kidneys. Although these factors 
cannot perhaps be altogether disregarded, probably the main injury to the retina is done 
by toxic matter which is formed by the decomposition of kidney substance and which 
possesses a particular affinity for the tissues of the retina. As is known, we can by inject- 
ing the blood of an animal of genus A into an animal of genus B obtain in the latter a 
serum which, if injected into A, dissolves its blood corpuscles. (‘‘We obtain hemolysin 
for A by immunizing B with A’s blood.) If, now, we inject into B a kidney extract 
obtained from A (B being thus immunized), the serum of B if injected into A causes in 
the latter not only nephritis, but also, if it is injected into the carotid, retinitis (Zur 
Nedden). The nephrotoxin formed in B acts chiefly upon the kidneys of A because in 
the animal B, which has been rendered immune with the kidney extract, there are formed 
antitoxins against all of the albuminous substances present in the kidney. That the 
retina, too, is diseased is due to the fact that the retina has one or two kinds of albumin, 
which it possesSes in common with the kidneys, and which, therefore, are attacked by 
the nephrotoxin. That the metabolic products of the normal kidney do not injure the 
retina of the same animal, presupposes that the organs of one and the same body (or of 
another individual of the same species) are immune to its own metabolic products. 
(Unless this is presupposed, the life of the organism would be impossible.) Butwhen there 
is disease of an organ with disintegration of tissue, this immunity may not suffice. {And 
an excessive susceptibility to disease may be set up by decomposition products originating 
in the patient’s own organism (auto-anaphylaxis).—D.] These conclusions still move 
very much in the region of hypotheses, but in any case the experiments which form their 
basis throw a new light upon the inter-connection of the organs and their dependence 
upon one another through the agency of chemical processes. 

Diseases of the eye sometimes develop not only as a result of diseases of individual 
organs, but also in consequence of physiological processes taking place in them, As an 
example may be adduced the inflammation of the optie nerve, which sometimes occurs 
in the course of pregnancy or lactation, without there being any other demonstrable 
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‘ disease of the body. It is conjectured that in this case also the fault lies with the action 

of toxins, which either have been formed as an exceptional thing in the course of the 
physiological processes occurring in the organs concerned, or toward which the eye does 
not possess its normal immunity. 


IV. Parasitic Causes or INJuryY 


26. Varieties of Infection.—Inflammation of the eye develops most 
frequently as a result of infections. In almost every person with a high 
fever we find the conjunctiva reddened and the eye glued up; i.e., we find a 
slight conjunctivitis. To a particularly great extent is this the case in 
measles. Many acute infectious diseases, however, entail for the eye con- 
sequences that are considerably more serious, namely, metastatic inflam- 
mation of the uvea and retina and inflammation of the optic nerve. The 
chronic infectious diseases implicate the eye even more frequently than do 
the acute. It is well known what a prominent part as regards eye diseases 
falls to the share of tuberculosis (including scrofula) and syphilis. Some- 
times the eye complication follows the primary disease after a number of 
years, as, for example, in the case of the optic-nerve atrophy in tabes, 
whose cause (syphilis) has apparently been cured long before. The 
participation of the individual organs in an infectious disease takes place 
in two ways—by direct invasion of the organs by the microbes, and by 
the action of the toxins produced by the disease. 

The micro-organisms may either attack the eye itself primarily or make 
an entry at some other portion of the body, and the eye is implicated sec- 
ondarily. The former is denoted as ectogenous, the latter as endogenous 
infection. In both cases a distinction must be made, as has been empha- 
sized more at length above, between the direct action of micro-organisms in 

‘ situ and their remote effects. In the direct infections of the eye we are 
pretty well informed regarding these relations, because there are a sufficient 

~ number of dissections at hand. In ulcus serpens, for example, the suppura- 
tion in the cornea is excited by the bacteria which are there present, but the 
associated iritis and the accumulation of pus in the anterior chamber are 
produced by remote action, the bacterial toxins, which are diffused through 
the cornea into the anterior chamber, causing the iris to become inflamed. 
Much less known are the relations in cases of the second kind, in which the 
eye simply participates in a general infection. In the two most important 
chronic infectious diseases, tuberculosis and syphilis, the eye is very fre- 
quently affected. In some cases of this sort the tubercle bacilli or the spiro- 
cheetee are found in the tissues of the eye, but in cases still more numerous 
their demonstration is not as yet feasible, and it will be the task of some 
future time to make the matter clear. Until then, the clinician will often 
have to content himself simply with bringing a given affection of the eyes 
into etiological connection with a general infection. 
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27. (a) Ectogenous Infection.—The exterior portions of the eye, the 
margins of the lids, the conjunctiva, and the cornea, can be attacked by 
micro-organisms directly, and these may either get a foothold upon the 
intact surface or may require a lesion of the epithelium in order to pene- 
trate into the tissues and injure the latter. The interior of the eye is not 
accessible to ectogenous infection until traumatism or ulcerative perfora- 
tion enables the micro-organisms to enter. 

The border of the lids presents favorable conditions for the lodgement 
of microbes. Between the cilia there collect the desquamated epithelium 
and also the secretion of the Meibomian glands, both of which in patholog- 
ical cases form scales and crusts, and as an additional factor there is the 
moistening by tears. The border of the lid, like the skin in general, quite 
regularly harbors the staphylococcus albus and also the xerosis bacillus. 
The latter is a bacillus of the group of diphtheria bacilli, and can be distin- 
guished from the latter with certainty only by animal experimentation, which 
shows whether theinjected cultures have a pathological action or not. Both 
the staphylococcus albus and thexerosis bacillus are under ordinary circum- 
stances non-pathogenic for the eye. In the case of inflammatory disease, 
such as blepharitis ulcerosa and acne pustule of the border of the lid (horde- 
olum), the staphylococcus aureus is also present. Moreover, being a part of 
the external skin, the border of the lid may participate in all diseases of the 
skin and may then harbor the morbific germs which characterize the latter. 

The conjunctiva of the eyeball and the cornea form a moist surface 
which is exposed to the air and upon which the particles of dust and the 
germs which are conveyed through the air remain and adhere. Hence the 
conjunctival sac is almost never free from germs and, indeed, at times the 
most varied kinds of germs, saprophytic and pathogenic, occur there. But 
they do not multiply in the conjunctiva, because by the winking movement 
of the lids the surface of the eye is swept at regular intervals, and the tears 
together with the germs contained in them are carried into the nose. This 
can be shown if cultures of readily demonstrable non-pathogenic bacteria 
(e.g., the bacterium prodigiosum) are placed in the conjunctival sac. Soon 
these can be demonstrated in greater and greater quantity in the nasal 
mucus, while they disappear at the same rate from the conjunctival 
sac. Furthermore, the constant gradual current of tears passing down 
through the lachrymo-nasal duct prevents germs from ascending against 
the current from the nose into the conjunctival sac. When, owing to 
deficient winking, the drainage of tears is arrested, the amount of germs con- 
tained in the conjunctival sac at once increases. This amount is, therefore, 
greater in the morning than in the evening, and is particularly apt to be 
increased by a bandage because the latter checks the movement of the lids. 
By increasing the germs prolonged bandaging of the eye suffices of itself to 
produce a catarrh of the conjunctiva. We see this often in the clinic when 
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after a cataract operation the other eye, which has not been operated upon, 
is bandaged for one or two days, whereupon this eye often shows a catarrh 
of the conjunctiva which was not present before. Hence, many operators 
before every major eye operation apply a test bandage for a day to see 
whether the eye will react to this with a catarrhal irritation. 

Besides the mechanical part which the tears play with regard to the 
bacteria, a bactericidal action has also been attributed to them, but this 
if present at all is extremely slight. 

Although the most various kinds of germs fall from the air into the 
- conjunctival sac, yet, as is the case on the border of the lids, the non-patho- 
genic white staphylococci and the xerosis bacilli are the only germs found 
as regular inhabitants of the conjunctival sac, and they actually occur in 
smaller quantities in the conjunctival sac just because they are continually 
removed by the tears. Of pathogenic bacteria only the pneumococcus and 
the streptococcus occur with any degree of frequency on the conjunctiva 
(in at most 5 per cent of the cases). When, as is usually the case, the con- 
junctiva is not affected by these germs, they do not as a rule lead to infec- 
tions of wounds on the eyeball. A healthy organism, owing to its normal 
protective forces is, in fact, a match for some few germs even if they are 
_ pathogenic. Hence, even in the pre-aseptic time it was comparatively sel- 
dom that one had to complain of infection in operations on the eyeball. If 
such an infection did set in, this usually took place, as we know from experi- 
ment, not from the germs in the conjunctival sac—it being pre-supposed 
that the latter was normal—but from dirty instruments. [Even when the 
conjunctiva is not normal, infection of wounds of the eyeball is compara- 
tively rare. This is shown by the results of cataract operations in Palestine, 
where, although there is scarcely an eye that is free from trachoma or con- 
junctivitis, post-operative infection is rare (Butler). —D.] 

The inflammations of the conjunctiva are in very great part caused by 
special micro-organisms, some of which have the peculiarity of not being 
pathogenic either for other mucous membranes in man or for animals at all 
(some monkeys, perhaps, excepted). In this category belong the ordinary 
exciting agents of acute conjunctival catarrh, namely, the bacillus of Koch- 
Weeks and the diplobacillus of Morax-Axenfeld. Others are dangerous for 
a few other mucous membranes besides the conjunctiva and mainly for the 
mucous membrane of the uro-genital tract, as is the case with the gonococ- 
cus. In contrast with these most frequent morbific agents, others which are 
generally pathogenic, like the pneumococci, streptococci, diphtheria bacilli, 
etc., take a subordinate place. [The pneumococcus, however, is a fairly 
frequent cause of conjunctivitis. Two very frequent infections, specific for 
the eye, namely, trachoma and inclusion blennorrhcea, differ from all the 
others in that they are transmitted by a filtrable virus, i.e., one that con- 
tains no demonstrable micro-organisms (Axenfeld).—D.] 
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Besides ectogenous, endogenous infection occurs as a cause of conjunc- 
tivitis (the conjunctivitis of measles has been adduced above as an example 
of this, and another example is the metastatic gonorrhceal conjunctivitis), 
but these cases are rare in comparison with those of ectogenous infection. 

Without there being any special infection from without, the amount of 
germs contained in the conjunctiva is greatly increased by the stagnation 
of tears, which accompanies diseases of the lachrymal sac. In the healthy 
lachrymal sac, inasmuch as the tears do not stay in it, disease of the mucous 
membrane is not produced by the germs which constantly arrive with the 
tears from the conjunctival sac into the lachrymal sac. In fact, even in 
inflammations of the conjunctiva, the lachrymal sac is usually not infected 
by the germs coming from the conjunctiva. This condition changes at once 
when, owing to stenosis of the lachrymo-nasal duct, the tears stagnate in 
the lachrymal passages. Then the germs multiply, and cause a catarrhal 
disease of the mucous membrane of the lachrymal tract (dacryocystitis 
chronica). Then in the contents of the lachrymal sac there are found germs, 
the pneumococci being the most numerous, and after them the staphylo- 
cocci with other pyogenic bacteria. Owing to the fact that the tears now 
stagnate in the conjunctival sac, too, the latter contains the same bacterial 
flora, so that wounds accidentally made become infected readily (ulcus ser- 
pens) and so, too, operations on the eye are readily followed by suppuration. 

28. The cornea, being a tissue placed upon the surface of the body, 
is, Just like the conjunctiva, more in danger of ectogenous than endogen- 
ous infection. From the former, develop in the first place many of the 
corneal ulcers which are so frequent. With regard to ectogenous infection 
there is an apparent contrast between the conjunctiva and the cornea, in 
that the bacteria which get into the conjunctival sac are able to infect the 
conjunctiva, even when intact, while it is assumed that for the cornea a 
defect of the epithelium is necessary for infection to take place. It would 
follow from this that the epithelium of the cornea is more resistant to 
germs than-is the epithelium of the conjunctiva. But perhaps the dif- 
ference is only apparent. For while in the conjunctival sac the germs can 
linger for a time, they are at once swept by the lids off the smooth surface 
of the cornea, and it is only when depressions are made in the latter, as a 
result of small defects in the surface, that the germs can remain lying in 
these. These epithelial defects may be caused by a slight traumatism. 
The cornea, just like the rest of the surface of the body, is exposed to exter- 
nal injuries, but it has a most delicate epithelium, which is quite soft and 
besides is seated on the smooth Bowman’s membrane, so that it can be 
readily stripped off en masse. Epithelial lesions of the cornea, therefore, 
are among the most frequent of occurrences. 

The body that causes the injury may itself inoculate the cornea directly with 
bacteria, as is probably to be assumed for many cases of deep or actually perforating 
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wounds of the cornea, to which suppuration of the edges of the wound succeeds. In 
mere epithelial lesions, a simultaneous inoculation with the micro-organism probably 
occurs but rarely (e.g., in the infection of the cornea by aspergillus fumigatus). Ordi- 
narily we have to deal with a secondary invasion of bacteria into the small wound, for 
we find the infection generally caused by bacteria which scarcely ever occur on the 
foreign bodies that cause the injury, but occur very commonly in the conjunctival sac. 
The most frequent of these bacteria requiring mention is the pneumococcus, which, 
especially in disease of the lachrymal sac, is to be found regularly in the conjunctival 
sac, and is the usual exciting cause of ulcus serpens. Of other bacteria which occur in 
the diseased conjunctival sac and which then also can excite inflammation of the cornea, 
should be particularly mentioned the diplobacilli of Morax-Axenfeld [also in Palestine 
and Egypt the Koch-Weeks bacillus and the extra-genital gonecoccus —D.]. 

We call the cases in which an inflammation of the cornea sets in as a result of a 
conjunctival lesion secondary keratitis, in contrast with primary keratitis, in which the 
cornea is the first point of attack of the injurious agent. In the cases of secondary 
keratitis traumatism is not required in order to produce a defect of the epithelium, but 
this defect may also develop because, owing to the abundant secretion in the conjunctival 
sac, the corneal epithelium is macerated and in places exfoliated, so that access to the 
corneal tissues is opened to the germs present in the tissue. Hence we particularly 
often find secondary corneal ulcers near the margin of the cornea. For in a severe 
ease of conjunctivitis the swollen limbus rises steeply from the cornea, so that here a 
dead angle is produced, in which the secretion remains lying because it cannot be brushed 
away by the movement of the lids. Consequently the corneal epithelium is macerated 
in this spot most of all. Infection of the cornea may be produced by the exciting cause 
of the simultaneously present conjunctivitis, but may also be produced by any other 
pyogenic agent. Thus in conjunctivitis gonorrhoica and diphtherica, we commonly find 
in the corneal ulcers not the specific bacteria but the ordinary pyogenic germs. 

In suppurative processes in the cornea, besides the bacteria above mentioned, 
there have been found as isolated instances others of very different kinds. It is inter- 
esting that among them occur those which elsewhere are not pathogenic at all (e.g., the 
bacillus subtilis) or which so far have been found only in the cornea (the bacillus of 
Zur Nedden). 


29. The ectogenous infection of the interior of the eye as a rule takes 
place only when the eyeball is laid open, either by perforating injury or 
by a perforating ulcer of the cornea. In exceptional cases, a very thin 
place in the envelopes of the eye may enable the bacteria to enter, this, 
for example, happening in subconjunctival rupture of the sclera, in which 
defects of the epithelium and minute splits in the conjunctiva might form 
the portal of entry. Particularly dangerous are old scars of the cornea, 
with inclusion of the iris, when the scar is protruding and thinned. By 
the movement of the lids the epithelium may be injured at the most prom- 
inent portion of the scar, and the germs which enter there get not into the 
cornea but at once into the included iris and thus into the interior of the 
eye (‘‘late infection of the eye”’). 

In recent injuries either the body that causes the injury carries the 
germs into the eye (primary infection), or these germs during the suc- 
ceeding days, as long as the wound remains unclosed, enter from the con- 
junctiva (secondary infection). In perforating injuries primary infection 
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is the more frequent process, in contradistinction to the slight traumatisms 
(erosions) of the cornea, in which, as above mentioned, secondary infec- 
tion is the rule. Whether a primary or a secondary infection lies at the 
basis of an inflammation can in part be determined by the period at which 
the inflammation sets in. In a primary infection of the eye by pyogenic 
agents, a severe inflammation begins in twenty-four or at most forty- 
eight hours. A later outbreak of the inflammation argues a later onset of 
infection, i.e., a secondary infection. 

30. The eye is not a single cavity, but is divided by a diaphragm 
consisting of the lens and the zonula into an anterior and a posterior seg- 
ment. As regards infection the two behave in different ways. 

| Perforating wounds in the anterior division of the eye often heal with- 
out inflammation, even when they are produced by foreign bodies that 
are not sterile, because the aqueous which gushes out at once effects a 
natural irrigation and cleansing of the wound. (Thus it is explained why 
minute perforating punctured wounds of the cornea, in which the aque- 
ous does not escape, are more dangerous than large incised wounds. In 
the pre-aseptic time discission of a secondary cataract was in the hands 
of some operators a more dangerous procedure than the cataract opera- 
tion itself.) Even the very frequently occurring perforation of the cornea 
by ulcers but rarely leads to purulent infection of the interior of the eye, 
because, from the moment of perforation up to the closure of the opening, 
aqueous continually oozes out and impedes the progress of germs in the 
opposite direction. 

Quite different is the behavior of the posterior division of the eye with 
regard to a perforating injury. The vitreous does not flow out in any 
great quantity, but lies in the wound. The latter, therefore, is not irri- 
gated—in fact, the protruding vitreous affords subsequently a conven- 
ient path for the entrance of germs. The bacteria arriving in the vitre- 
ous find here an excellent nutrient material, the more so since the natural 
protective substances are absent from the vitreous. Hence many bacteria 
which otherwise are not pathogenic for the body, i.e., which are sapro- 
phytes, excite severe inflammation when introduced into the vitreous. The 
bacillus subtilis (hay bacillus) is the saprophyte that oftenest causes a 
severe inflammation (usually a panophthalmitis). 

Not only does infection develop more readily in the posterior division 
of the eye than in the anterior, but it has much more serious results in the 
former. Even a severe inflammation in the anterior segment does not neces- 
sarily lead to blindness. Its consequences, posterior synechi and pupillary 
membranes and even a secondary opacity of the lens, can in many cases be 
removed by operation. An infection in the vitreous cavity leads in slight 
cases to a plastic, in severe cases to a purulent, inflammation. In the latter 
case the pus may either become encapsulated (abscess of the vitreous) or 
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break through to the outside (panophthalmitis). Even in the slightest 
cases, those of plastic inflammation, the eye usually becomes blind, because 
the exudates subsequently shrink and detach the retina from its bed. 

From what has been said it can be understood that operations in the 
anterior segment of the eye could be made with good results even in the 
pre-aseptic time, while any manipulation in the vitreous cavity was scouted, 
because, as experience showed, it was always followed by suppuration of 
the eye. The aseptic method has made a transformation in this regard, 
but for traumatic lesions the old law still holds good. 


While infection of the interior of the eye commonly, affects only one of the two 
segments of the eyeball, this is not true of the subsequent inflammation. With regard 
to this, three cases occur: 1. The inflammation remains absolutely confined to one 
segment. We may see in the depth of the vitreous an abscess develop about a foreign 
body while the anterior segment remains quite normal. To be sure, cases of this kind 
in ectogenous infection are very rare; in endogenous infection they occur more often. 
Particularly in the metastatic inflammation, which is produced by the meningococcus 
and which accompanies cerebrospinal meningitis, we not so very rarely see the yellow 
reflex of pus in the depth of the eye while the anterior segment is normal. Of course, 
too, the converse may occur (i.e., suppuration in the confines of the anterior chamber 
while the posterior division is intact), only this cannot commonly be proved, since a 
view into the deeper parts is prevented by the exudate. 2. In infection of one segment 
there develops in the other a somewhat less severe inflammation due to the action of 
toxins which diffuse from the primary focus of inflammation through the diaphragm 
into the other segment. This is the most frequent case. With infections of the vitre- 
ous cavity there is present in the anterior segment an iritis. Similarly with infection of 
the anterior segment there develops a non-purulent exudate in the anterior portion of 
the vitreous, or, in the lightest cases, there develops at least hyperemia of the retina 
and optic nerve. This latter is found at times as a remote effect even in non-perforat- 
ing ulcers of the cornea. 3. The agents which excite infection actually pass from 
ome segment to the other and lead to a severe inflammation there. 

Which of the above-mentioned cases occurs depends mainly on two circumstances, 
the virulence of the infection and the density of the diaphragm. The latter is diminished 
to the greatest extent in case of absence of the lens (e.g., in an eye that has been operated 
on for cataract) and to a less extent in the event of an injury to the lens. In cases of 
the latter sort, there is the additional factor that the swelling lens masses give a muc 
better nutrient material for bacteria than does the aqueous. It has been shown by 
experiment that the same infection situated in the region of the anterior chamber has 
much more serious consequences if the capsule of the lens has previously been ruptured. 
It is an old experience that perforating injuries with opening of the lens capsule are 
more often followed by severe inflammation than are precisely similar injuries with an 
intact lens. For the same reason in the pre-aseptic time the operation for cataract was 
followed in a certain number of cases by purulent infection, while this almost never 
took place after an iridectomy. 

The bacteria that enter the anterior chamber multiply in the aqueous and often 
also grow out into the iris. The bacteria which get into the vitreous grow abundantly 
in the latter, but do not ordinarily pass into the inner coats of the eye. The purulent 
inflammation of the latter depends, therefore, on the remote action of the bacteria 
present in the vitreous. The inflammation consequently affects mainly the inner sur- 
face of these membranes, i.e., the retinal coating of the ciliary body and the retina itself, 
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on whi¢h account the name endophthalmitis is a proper one for this sort of inflamma- 
tion. When the bacteria are particularly abundant or virulent, necrosis of the coats 
of the eye develops, starting from their inner surface. Necrosis of the cornea leads to 
the entrance into it of leucocytes and to a demarcating inflammation with the clinical 
picture of a ring abscess. Necrosis of the inner coats of the eye in the posterior segment 
affects first the retina, then, when of great intensity, the chorioid also, and last of all the 
sclera, and thus paves the way for perforation of the coats of the eye in panophthalmitis. 

Apart from the question of its situation (anterior chamber or vitreous) and of 
individual susceptibility, the severity of the inflammation depends mainly on the quan- 
tity and virulence of the invading bacteria. In the traumatic inflammations the most 
frequent exciting cause of purulent inflammation is the streptococcus and secondly 
the bacillus subtilis; in operative injuries the pneumococcus comes first and the strep- 
tocoeeus second. 

Slighter inflammations also occur after injuries and operations. Such inflamma- 
tions set in only after a rather long period of incubation, sometimes indeed not till after 
the lapse of weeks, and run a milder course. In place of the purulent exudate there 
appears a delicate plastic exudate or precipitate. However, even these cases of insidi- 
ous inflammation may lead ultimately to the destruction of the eye. In exceptional 
instances such mild cases may be produced by the ordinary pyogenic germs, while in 
other cases are found bacteria which are less virulent or which in other situations are 
not pathogenic at all. In other cases, again, it is not possible to demonstrate the presence 
of any bacteria whatever. 


31. (b) Endogenous Infection.—Endogenous infection consists in this, 
that pathogenic germs get into the blood and are carried with it into the 
vessels of the eye, where they settle. The nature of the eye inflammation 
depends mainly upon the nature of the germ. The pyogenic germs cause 
a purulent inflammation of the eye, which generally passes over into pan- 
ophthalmitis. It is these inflammations that are known as metastatic 
inflammations in the narrower sense of the term. 

Metastatic ophthalmia is produced either by ordinary pyogenic germs, 
among which the streptococci rank first and the pneumococci second, or by 
bacteria which are specific for certain definite diseases (e.g., the meningo- 
coccus, the pneumobacillus, the influenza bacillus, the typhoid bacillus, 
etc.). Moreover, a mixed infection may also occur. The diseases caused 
by these bacteria, and above all puerperal fever and ordinary pyzemia, are 
the main cause of metastatic ophthalmia. But sometimes—as, for example, 
in the case of an inconsiderable attack of influenza or a very small purulent 
focus somewhere in the body—the original disease may develop in so mild 
a guise that it is overlooked, and the panophthalmitis apparently develops 
spontaneously (cryptogenous metastatic ophthalmia). 


Although it is the rule that endogenous infection with pyogenic germs produces a 
purulent inflammation of the eye, yet, just as has been stated to hold good for ectogenous 
infection, exceptions occur in the sense that sometimes the inflammation shows a light 
character, and in fact may be limited to individual foci in the chorioid or retina which go 
on to healing. [This seems to be even more the case in endogenous infection; germs that 
would cause suppuration, if injected into the eye, producing only chronic plastip inflam- 
mation when reaching the latter by endogenous paths (Selenkowsky). Examples of 
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this are plastic iritis and similar affections caused by endogenous infection with germs 
especially streptococei of tonsillar and dental origin and with influenza bacilli =D. 
A mild course is comparatively frequent in cerebrospinal meningitis, and it is the rule 
in relapsing fever, whose exciting cause, however, the spirillum, is not one of the pyogenic 
germs. In relapsing fever the eye is implicated usually under the form of a benign irido- 
cyclitis. These cases form a transition to the second group of cases of endogenous 
infection, which are caused by the germs that excite chronic infectious diseases. 


32. Of chronic infectious diseases must be mentioned in the first place 
tuberculosis (lepra resembles it), syphilis, and gonorrhoea, when by entrance 
into the blood channels it has led to general infection; [also the so-called 
rheumatic affections, which are probably in most instances due to infection 
either with the gonococcus or the less virulent varieties of streptococcus. 
—D.]. These diseases are complicated by eye inflammations which, in con- 
formity with the pathogenic properties of their exciting germs, are not acute 
and purulent but chronic and non-purulent. The different membranes of 
the eye are attacked by these inflammations with different degrees of vio-. 
lence, and this does not depend simply on the vascularity of the mem- 
brane, for the non-vascular cornea is often affected. It is assumed that 
the microbes in question or their toxins possess a differing affinity for the 
individual membranes of the eye. By far the oftenest to suffer is the uvea, 
and in this the iris and ciliary body suffer the most, the chorioid less. 
_ Tuberculous, syphilitic, and gonorrheeal irido-cyclitis are frequent diseases. 


The way in which the uvea participates in the general infection, whether by the 
presence of the bacteria themselves in the tissue or by the mere action of toxins, has 
been but little investigated as yet and is probably not always the same. In tuberculo- 
sis at times iritis occurs with evident tubercle nodules which without doubt are caused 
by the bacilli themselves; but still more often we find a chronic iritis which neither 
clinically nor microscopically shows tubercle nodules nor allows us to demonstrate 
bacilli by the microscope or by inoculation, so that we should be inclined to attribute 
the iritis to a simple toxin action. But the possibility is by no means excluded that in 
such cases the tubercle bacilli themselves, although in scanty number and in a weak- 
ened state, may be the cause of the inflammation. Stock, by injecting tubercle bacilli 
into the blood of test animals, has produced small nodules in the iris and white patches 
in the chorioid, which disappeared again after a short time, while severe tuberculosis 
always develops when the tubercle bacilli are introduced into the eye. Stock explains 
the benignity of the affection in the first case by the assumption that the tubercle 
bacilli may have undergone weakening, due to their stay in the blood. The like 
explanation may hold good for the cases of benign tuberculosis of the uvea in man. 

The cornea becomes diseased under the guise of keratitis parenchymatosa, kera- 
titis eczematosa (scrofulosa), and sclerosing keratitis. The first disease is in most cases 
to be attributed to hereditary syphilis, the two latter affections to tuberculosis. Here, 
again, it is not determined whether the disease of the cornea depends upon the direct 
action of the microbes which may get into the cornea from its marginal vessels or upon 
the action of toxins. In animals, at all events, there can be produced by the inoculation 
of syphilitic material an inflammation which resembles parenchymatous keratitis and 
in which spirochetze can be demonstrated in the cornea. A similar keratitis can be 
produced experimentally, by injecting the trypanosomes, which are akin to the spiro- 
chet. The retina, in which the metastases that occur in the course of acute infectious 
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diseases are most often localized, is rarely affected primarily, but very often secondarily 
in chronic infectious diseases. 

By endogenous infection of wounds we understand the lodgement of microbes, which 
are present in the circulating blood, in those parts of the body that have been injured 
by traumatism. This process can be set up experimentally by injecting pyogenic germs 
into the blood channel and then injuring the eye. What can be done in experiments on 
animals must be regarded as probably also possible in man, and some cases which have 
been carefully examined belong with great probability in this category [of endogenous 
wound infection]. But we must be very careful how, without surer proof, we accept 
this process as a convenient explanation of all possible diseases whose causes we do not 
know. 

V. DEGENERATIVE PROCESSES 

_ 383. The line cannot be sharply drawn between simple degenerative 
processes and inflammatory processes that run a very chronic course. Sim- 
ple degeneration has its purest embodiment in the changes which old age 
brings with it. Rather arbitrarily some of these changes are called physio- 
logical, others pathological, according as they are present in the majority 
or only in the minority of old people, or, even less rightly, according as they 
proceed without or with disturbance of the function of the eye. The pinguec- 
ula and gerontoxon are regarded as physiological changes, but senile cata- 
ract as pathological, although quite small opacities of the lens are but rarely 
missing in very old people. 

- A form of senile degeneration which is disseminated over the whole 
body is the hyaline degeneration of connective tissue and of the elastic 
fibers. In the eye this degeneration is the origin of the pinguecula and also | 
of that thickening of the pupillary margin by which its motility is impaired. 
Hyaline exudations and thickenings are found in old persons in Descemet’s 
membrane, and also in the lamina vitrea of the uvea, where they sometimes 
become visible with the ophthalmoscope, as so-called “druses,’’? and may 
even give rise to disturbance of sight, if they actually occupy the region of 
the macula lutea. Another senile change in this region is the central senile 
retino-chorioiditis, which occupies a mid-place between degenerative and 
inflammatory processes, and which, since it leads to a central scotoma, is a 
not infrequent cause of the impaired sight of old people. The cystic degen- 
eration of the retina occurring in old people affects only the region of the 
ora serrata and does not, therefore, impair the sight. Very often the eye 
becomes diseased indirectly, as a result of senile change in the vessels. Arte- 
riosclerosis may lead, on the one hand, to rupture and, on the other hand, 
to narrowing or occlusion of the blood-vessels in the retina, the results of 
which are hemorrhages, and degenerative processes in the retina. In scler- 
osis of the main trunk of the ophthalmic artery or the internal carotid, the 
optic nerve may be so compressed by the hard vessel wall that it atrophies. 

Physical influences, without exceeding their customary limits, may lead 
to degenerative changes, if either they act in a cumulative way for a long 
period of time, or if a tissue that has too little resistance is opposed to them. 
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The former is the case with the pinguecula, which, although it is a senile 
phenomenon, yet develops only at that portion of the cornea which is 
exposed to the air; the latter is true of the zonular opacity of the cornea 
which develops in the region of the palpebral fissure in eyes which have suf- 
fered in nutrition, owing to some grave disease. In exceptional instances, 
zonular opacity of the cornea occurs as a simple senile change, in which case 
age constitutes the cause of the diminished nutrition of the cornea. 

Poisons attack first of all the most sensitive portion of the eye, the 
retina, and in this again the ganglion cells which are particularly susceptible 
to poison. These cells are simply killed by the poison, and as a necessary 
consequence there is developed anascending atrophy of the nerve-fiber layer 
of the retina and optic nerve. This process has been demonstrated experi- 
mentally for a series of poisons (quinine, filix mas, etc.) and by some is 
asserted to occur in the case of other poisons also (tobacco, alcohol, ete.). 

For a series of degenerative processes we do not, up to the present 
time, know the cause. Only a few of these processes need be mentioned 
here: In the cornea, nodular and lattice-shaped opacity and keratoconus; in 
the lens, many forms of partial opacity; in the retina and optic nerve, retin- 
itis pigmentosa and those changes which characterize Sachs’s family amau- 
rotic idiocy. These degenerations occur rather often with an hereditary or 
family distribution, so that probably they are founded on some congenital 
defective structure of the tissues, which later in the course of life becomes 
manifest as an actual disease. 


VI. ConGENITAL Drrects, HEREDITY 


34. We call many a thing a congenital defect of the eye without being 
able to offer sure proof that it actually was present at the very moment of 
birth. Gross changes in the eye of a new-born child, to be sure, excite the 
attention at once, but changes in the background of the eye are naturally 
not discovered until much later, on the occasion of some ophthalinoscopic 
examination, and even complete opacities of the lens are usually not noticed 
until some weeks or months after birth. So it happens that with regard to 
one of the most frequent forms of cataract, the cataracta perinuclearis, we 
do not yet know for certain whether it is congenital or is acquired in the first 
years of life. Of one anomaly which is called congenital, the medullated 
fibers of the retina, we know certainly now that it cannot be congenital, 
because at the time of birth the optic nerve itself possesses no medullary 
sheaths, these being formed first in extra-uterine life. The laity proceed in 
a still more inconsequent fashion, changes which develop soon after birth 
(e.g., those due to ophthalmia neonatorum) being often alleged to be con- 
genital. 

Congenital defects are of two kinds. One kind depends on an inter- 
ference of development (malformations, in the narrower sense of the word), 
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the other on some disease of the fetus. A sharp line of distinction between 
the two cannot be drawn in all cases. 

The disturbances of development are attributable either to a defective 
constitution of the germ-cell itself, having its origin in the father or the 
mother, or to the action of the neighboring parts upon the developing germ- 
cell. A good example of the first case is congenital ptosis, which sometimes 
is inherited through several generations. It is due to entire absence or 
defective development of the levator palpebre. The same is the case with 
colobomata or complete absence of the iris, with congenital displacement 
of the lens, ete. Malformations based upon a defective germ-cell show typi- 
cal forms which find their explanation in embryology. Injurious effects of 
the surrounding parts on the germ-cell are shown in the case of pressure of 
the amnion upon the fetus, or in the presence of amniotic bands, by which 
many anomalies in the lids and conjunctiva are accounted for. 

Fetal diseases arise either from diseases of parents (especially syphilis) 
or from traumatic injuries which affect the fetus while still in utero. In 
new-born children, we may find either the results of diseases that have 
already run their course—such as opacities of the cornea or staphylomata 
following keratitis, adhesion of the pupil or atypical colobomata following 
iritis, ete.—or diseases (for instance, retinitis pigmentosa) which are still 
recent and which undergo further development in extra-uterine life. Con- 
genital tumors also (for example, angiomata, nevi, gliomata) occur, which 
grow larger in after life. The congenital defects which are produced by 
external injuries or by diseases are not so typical as the malformations 
proper. Inrecent times, the production in an experimental way of disturb- 
ances of development by action from without forms a fertile field of study. 

In this text-book, the malformations proper, being the really typical changes, 
are the conditions mainly pictured. Some of them, e.g., albinism, form but one of the 
symptoms of a general inhibition of development or they are at least accompanied by 
other congenital anomalies of the body; but generally the malformation of the eye is 
the only congenital defect present. Most malformations can be attributed to inhibition 
of development. The earlier this sets in the more marked are the consequences. Thus 
in inhibition occurring in the earliest stage of existence there is anophthalmus, in which 
case only a scarcely recognizable rudiment of the eyeball is present. It ean be readily 
understood that the inhibition of development most frequently affects those parts in 
which the processes of development are most complicated. In the eye this is the region 
of the fetal ocular fissure. Incomplete or too late closure of this is one of the most fre- 
quent causes of congenital malformations. That is, if of extreme degree it is the cause 
of microphthalmus with appended eyst; when of slighter degree, is the cause of colo- 
boma of the inner membranes of the eye, of ectopia of the lens, ete. In the human 
being after birth, then, we find either the actual condition set up by the inhibition of 
development or else its consequences. Thus, for example, the cysts, which sometimes 
hang upon the microphthalmic eyeball and are usually considerably larger than the 
latter, are in after-development due to ectasis of the insufficiently closed spot in the 
wall of the eye. In such a way as this an organ which was originally well developed 
may be secondarily altered. 
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Many malformations are caused by the persistence of the fetal structures, which 
otherwise undergo retrogression even before birth (e.g., a persistent hyaloid Late. or 
a persistent pupillary membrane). Hydrophthalmus is attributed to persistence of the | 
fetal ligamentum pectinatum, so that the tissue in the angle of the anterior chamber — 
is made more dense. This interferes with the filtration of the aqueous outward, so that 
there are developed increase of tension and, afterward, enlargement of the entire eye. 
Here, too, the conspicuous thing is not the malformation proper but its final result, the 
enlargement of the eyeball. 


35. The most important cause of the malformations proper is a defect- 
ive constitution of the germ-cell, which is acquired through heredity. In the 
wider sense of the term, heredity takes place in two ways, by transmission 
of a defective tendency which sooner or later develops into a malformation 
or a disease, or by the transmission of the disease itself. The most frequent 
example of the latter case (so-called pseudo-heredity) is the inheritance of 
syphilis, which takes place by the direct passage of spirochetz from the 
mother to the fetus; furthermore, chemical substances (e.g., aleohol) circu- 
lating in the blood may cause the fetus to be diseased. But by heredity in 
the true sense we understand simply the transmission of a defective ten- 
dency to the descendant. [The defective tendency thus transmitted may 
be simply an exaggerated sensitiveness to special forms of injury (heredi- 
tary anaphylaxis).—D.] 

Weissmann has formulated the following hypothesis with regard to heredity in 
general: The chromatin substance of the nucleus of the ovum which has just been fer- 
tilized, and which consists of the combined paternal and maternal chromatin, is not 
completely consumed in building up a new organism by a process of continuous sub- 
division, but a small portion of it is stored up and remains as the germ-plasm. This, in 
the developed organism, is deposited in the germ-cells themselves, and from it springs 
the next generation (continuity of germ-plasm). When, therefore, father and son have 
the same hereditary defects, this arises from the same defective germ-plasm. For the 
first in the line of ancestors who shows the defect at all, it must be assumed that for 
unknown reasons the germ-plasm from which he was derived was constituted differently 
from that of his predecessors (primary germ variation). But when this abnormal 
constitution of the germ-plasm has once developed, it can, in accordance with the 
continuity of germ-plasm, be transmitted to all succeeding generations, as the produc- 
tion by animal breeders of new varieties of animals from a single abnormally formed 
individual proves. 

Heredity from one generation to the next is direct heredity. But one or more gen- 
erations may be skipped, the defective tendency of the germ-cell remaining latent (in- 
direct or discontinuous heredity, or atavism). This skipping of generations may actually 
go so far that the like structure is found only in our ancestors among the animals. For 
example, the presence of hyaline cartilage in the semilunar fold, which is extremely 
rare in Europeans and somewhat more frequent in the lower races of mankind, represents 
the cartilage in the membrana nictitans of the mammalia. Discontinuous heredity is 
found quite regularly in two eye diseases, color-blindness and hereditary neuritis with 
subsequent atrophy of the optic nerve (Leber’s disease), and in this latter there is the 
additional peculiarity that the disease remains latent in the female members, so that 
they are exempt from the disease, while they are just the ones that transmit it to their 
‘successors. The diseased father has healthy sons and daughters. The children of the 
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sons are also healthy, but the children of the daughters are affected, so far as they are 
of the male sex. (Hemophilia [and sometimes nystagmus] behaves in a similar way.) 

A defective tendency in one progenitor, which has remained latent, may become 
manifest in the descendant, if, by chance, the other progenitor possesses the same latent 
tendency, so that the two tendencies are added together, and thus from two healthy 
parents diseased descendants are produced (potentized heredity). Of course, a faulty 
tendency having the same trend is most apt to be found in those persons who have 
the same descent, for which reason degenerated children are more frequently derived 
from the marriage of blood relations than from other marriages. As an example may 
be mentioned pigmentary degeneration of the retina and the degenerative hereditary 
deafness often associated with it, which conditions comparatively often occur in the 
offspring of consanguineous parents. 

The way in which acquired diseases, in the narrower sense of the word, are inherited 
is still more obscure than is inheritance in general. The occurrence of such inheritance 

is established, but in any case it is much less common than in generally assumed. 

The inherited anomalies or diseases may (1) already be present at birth, e.g., in 
the case of ptosis, coloboma or absence of the iris, ectopia of the lens, congenital cataract. 
(2) They are present at birth only as a tendency and do not develop until later on, 
instances of this being the form of optic neuritis above mentioned, retinitis pigmentosa, 
and many kinds of cataract. Finally (3) the faulty disposition dependent on heredity 
is not necessarily a disease at all, but may be only a variety of anatomical construction 
which predisposes to disease when other injurious influences are added—examples of 
this being the yielding character in the sclera that predisposes to myopia and the small- 
ness of the eyeball that predisposes to glaucoma, 


VII. Symptoms AssociaTED WITH Eyr DISEASES 


36. Altered Secretion.—The secretion in inflammation of the conjunc- 
tiva is either mucous or purulent, according to the intensity of the inflam- 
mation. By the drying of the secretion the lids stick together, especially 
over night. Only in conjunctivitis eczematosa the secretion of mucus is 
little marked in comparison with the profuse secretion of tears, because this 
disease in its pure form affects only the conjunctiva bulbi. The secretion 
of tears is also associated with diseases of the eyeball itself, including the 
inflammations of the cornea, iris, and ciliary body. However, both these 
diseases and conjunctivitis eezematosa, if they last a long time, re: idily lead 
to catarrhal inflammation of the conjunctiva and hence also to a secretion 
of mucus in addition to the secretion of tears. 

Since many tears flow down into the nose when the secretion of tears is 

_ profuse,a patient often has to blow his nose, and hence thinks that he is suffer- 
ing fromacold. At the beginning this is incorrect, but when profuse lac shry- 
mation has lasted for along time the muc aan ane of the nose does finally 
get into a catarrhal state, owing to the irritation produced by the tears. 

37. [Photophobia' is a term used to denote both the discomfort and the 
sense of dazzling and blinding produced by light (see§ 20). The discomfort 
varies from a sense of burning, smarting, and sandiness of the lids or smart- 
ing of the eyeball to a severe cramping pain. It is associated with nictita- 
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tion or when severe with blepharospasm.—D.] Photophobia originates 
both in the terminal fibers of the trigeminus and also in the retina. It 
_ expresses itself under the form of an unpleasant, even painful , Sensation and 
blepharospasm. Most-of the nerve endings of the cornea are in the epithe- 
lium, hence foreign bodies, small erosions, and superficial inflammations of 
the cornea are accompanied by marked photophobia, particularly if the 
nerve terminals are irritated by frequent winking. (Bandaging of the eye 
therefore, produces relief.) Deep ulcers of the cornea, in which the super- 
ficial nerves have been destroyed, or deep wounds of the cornea produce 
much less photophobia, so that we may almost say that the photophobia is 
often in inverse relation to the gravity of the corneal change. Inflamma- 
tions of the iris, which is very rich in sensory nerves, are also associated with 
marked photophobia. In all these cases, the mere opening of the lids, even 
when the illumination is weak, suffices to evoke reflex blepharospasm. 

The case is different with the photophobia that emanates from the 
retina. This photophobia occurs only when there is a great amount of light 
falling upon the eye (e.g., when one looks at the sun), but in that case affects 
healthy eyes also. In the case of the retina, it is not sensory fibers (since 
these are not present in it) but optical fibers that convey the reflex to the 
sphincter of the lids and of the pupil. 

(The grittiness and burning of the lids seems to be due to the direct action of light, 
especially the ultra-violet rays, on the conjunctiva; and the sense of fatigue or strain 
produced by excessive or misdirected light (asthenopia photogenica) is probably attrib- 
utable to tiring of the ciliary or extra-ocular muscles. Specially trying is light changing 
rapidly in intensity or the attempt to use the eyes in a very unequally illuminated room. 
Similar symptoms with a sense of drowsiness are caused by insufficient illumination.—D. | 

A symptom that frequently accompanies photophobia, whether emanating from 
the trigeminus or the optic nerve, is reflex sneezing. Particularly in conjunctivitis 
eczematosa with marked photophobia sneezing sets in with great regularity whenever 
the attempt is made to open the eyes. 


38. Glandular Swelling and Fever.—Normally, the pre-auricular lymph 
gland is not perceptible to the touch. When it can be felt through the skin 
this proves that there is some swelling of the gland. Such swelling is asso- 
ciated with eye diseases dependent upon infection of the eye. The conditions 
that most frequently give rise to it are, on the one hand, the phlegmonous 
inflammations (hordeolum, panophthalmitis, phlegmons of the orbit), and 
also inflammations that are particularly virulent (vaccine blepharitis, gon- 
orrhceal and diphtheritic conjunctivitis). A marked glandular swelling is 

especially characteristic of Parinaud’s conjunctivitis (see § 170). Among 
chronic infectious diseases, the tuberculous and syphilitic inflammations of 
the eye and its adnexa lead to swelling of the preauricular gland. 

Fever is but rarely produced by an inflammation of the eyes—most 
frequently by the above named phlegmonous inflammations and by inflam- 
mations that are specially virulent. 
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39. Pain.—Pain is associated only with the inflammations of the ante- 
rior portions of the eye which possess sensory nerves; the chorioid, retina 
and optic nerve are incapable of exciting pain (the pain in acute retrobulbar 
neuritis comes not from the optic nerve itself but from its sheaths). The 
pain is in no definite relation to the severity of the inflammation, but in 
respect to its degree apparently keeps pace with the photophobia and the 
secretion of tears, as is obvious since all three are excited by irritation of the 
trigeminus. 

The inflammations of the conjunctiva do not produce any violent pain, 
but only a sensation of a foreign body or of moderate burning and pressure. 
Sharp pain in the course of a conjunctivitis points to an involvement of the 
cornea. The inflammations of the cornea and sclera cause pain which is 
felt chiefly in the eye itself. On the other hand, in inflammation of the uvea 
and in increase of tension the pain usually radiates to the neighboring parts, 
and chiefly to the forehead, less often to the ears or the teeth of the upper 
jaw. This sort of pain is known as ciliary neuralgia, and in fact sometimes 
assumes a neuralgic character, since it occurs in attacks, and between the 
attacks there are intervals in which the pain is absent, even though the 
condition of the eye shows no recognizable variation. Indeed, not infre- 
quently, just as in the case of true neuralgia, the attacks of pain recur every 
day at the same time (especially in the evening or at some hour of the 
night), and are then often favorably influenced by quinine. The radiation 
of the pain to the neighboring parts, especially to the forehead, often causes 
the patient himself to localize the starting point of the pain incorrectly, 
since he states that he feels no pain in the eye itself. If, then, there are no 
striking changes in the eye, the eye trouble itself may readily be overlooked 
and the morbid condition be regarded as a true neuralgia. 

The kind of pain may give a valuable clew to the diagnosis. Beginners 
readily confound an iritis accompanied by marked injection, but without 
evident exudation, with a conjunctival catarrh. If the patient states that‘ 
he has pain in the bones over the eye, we may be sure that it is not a simple 
conjunctival catarrh that is present, but an iritis. 

The pain in severe inflammation of the eye often has the unpleasant 
character of becoming particularly violent just at night and depriving the 
patient of his night’s rest. In irido-cyclitis, as in acute glaucoma, pains 
occur which are among the most severe that a man can possibly have, and 
which (especially in glaucoma) can actually excite symptoms of irritation 
of the brain, e.g., vomiting. 

40. Headaches —Apart from pain which radiates from the eye to the 
head, actual headache m: vy also emanate from the eyes even when the latter 
are not really diseased, this being the ease, for instance, in the headache occur- 
ring in ieparnieionel when the eyes are strained. If, therefore, the patient 
complains of frequent headaches, the physician treating him should always 
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think of the possibility of their originating from the eyes. The ophthal- 
-mologist sees many patients who have been sent to him by his colleagues, 
merely on account of headache and in order to determine whether the eye 
‘has anything to do with the headache. In a definitive way this can be done 
only by means of a precise examination of the eyes. But the experienced 
physician will frequently conclude what the cause of the headaches prob- 
ably is from the description of the headaches and the accompanying circum- 
stances which the patient gives. One should therefore, first of all, get from 
the patient a precise description of all his symptoms, as where the pain is 
situated, what are its intensity and quality (dull, compressing, boring, stab- 
bing, hammering, etc.), whether it is constant or occurs in attacks, and in 
the latter case whether it is associated with any definite causes or any defi- 
nite time of the day. A headache originating in the eye is localized in the 
_ anterior portion of the skull, that is in the vicinity of the orbit, in the fore- 
head, and in the temples, while pain in the occiput does not usually occur 
from this cause. [To this rule, however, there are not a few exceptions.—D.] 
Headache emanating from the eye can easily be recognized when we 
find the eye inflamed, weeping, photophobic, or sensitive to pressure. But 
often the objective changes in the eye are slight, in fact they may be actually 
absent at the moment of examination. This is particularly the case in 
prodromal glaucoma. Since the prodromal attacks usually occur in the 
evening, the physician often chances to see the patient in his office after 
the attack has elapsed and finds nothing abnormal in the eye. Then a 
precise history must afford assistance, a history which is particularly 
characteristic when the prodromal stage has lasted a long time. The head- 
aches, the patient says, came on less frequently at first; afterward more 
and more often all the time; in summer he is almost free from them, in 
winter suffers much more often. The pain usually comes on in the after- 
noon or evening, and ceases with sleep; the patient is never waked by it 
from sleep. The headache is often produced by excitement, the visit of 
company, or by going to the theatre, etc., and the patient is hence regarded 
as nervous. In addition there is the associated disturbance of vision, con- 
sisting of some clouding of the sight and the appearance of colored rings 
about alight. But these disturbances are often slight and if they are limited 
to one eye they are readily overlooked by the patient. The examination 
of the eye then usually shows hypermetropia, a strikingly shallow anterior 
chamber, and perhaps arterial pulsation (in the retina) when even very 
slight pressure is made by the finger upon the eye. But as long as no glau- 
comatous excavation is present a certain diagnosis can be made only by 
having the patient visit us just when he is having an attack of headache. 
We shall then find in the eye the characteristic, even if slight, changes of a 
prodromal attack of glaucoma, and upon dropping in pilocarpine the symp- 
toms pass off in about a quarter of an hour. 
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Headaches in which there is nothing to be seen in the eye externally 
originate in errors of refraction (hypermetropia and astigmatism), lin 
anomalies of accommodation—D.], and in disturbances of muscular equilib- 
rium, especially latent divergence (or exophoria). [Headache may also 
be caused by esophoria and hyperphoria, particularly the latter.—D.] 
Such headaches are distinguished by the fact that they occur only after 
prolonged exertion of the eyes, and hence are never present upon waking 
in the morning. For the same reason they do not exist in small children, 
but occur first at an age when:greater demands are made upon the eye. 
[To these statements some exceptions must be made. The pain due to 
muscular trouble and sometimes also to refractive errors may be present 
when the patient first wakes from sleep, particularly if the eyes have been 
subjected to strain the night before. Again, small children may suffer from 
headache due to eye strain.—D.] By hypermetropes the complaint is also 
made that the print swims after prolonged reading, by patients with mus- 
cular disorders the complaint that occasionally the lines become double 
and run into each other; and these latter patients also not infrequently 
allege that they experience a sensation of slight nausea when they strain 
their eyes. 

Neurasthenics, too, when they strain their eyes have pain which they 
locate sometimes in the lids, sometimes in the eyes themselves, or behind 
the eyes, or in the head. The discomfort often sets in, within a few minutes, 
sometimes after reading a few lines, while in disorders of refraction or of the 
muscles, it does not set in until after rather prolonged exertion of the eyes. 

Headaches of another kind which by the patient are often referred 
to the eyes are migraine, the headaches occurring in disease of the frontal 
sinus, and supra-orbital neuralgia. 

In migraine the pain as a rule is unilateral. It is violent, boring, and 
situated over the eye, in the forehead and above it, but sometimes also in 
the eye itself. The attack is often introduced by a disturbance of vision 
(scintillating scotoma); during the attack the patient feels best if he can 
lie quietly in a darkened room; glaring light pains him; there is a sort of 
photophobia. All of these circumstances may cause the patient to believe 
that his eye is affected. In distinction from the headaches that really 
emanate from the eye, the migraine attack shows a quite typical course. 
Beginning with or without a scintillating scotoma, it rises pretty rapidly 
to a considerable pitch and usually lasts for from half a day to a whole day; 
then nausea ensues, and frequently vomiting, whereupon the patient feels 
better and the attack comes to an end. [Not all attacks of migraine have 
this typical course-—D.] Typical, also, is the way in which the attacks 
recur at certain intervals. They occur usually not oftener than once or 
twice a month (in women, who suffer from migraine more than men do, 
commonly in conjunction with menstruation), and with increasing age 
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grow less frequent and milder. In a person who suffers from migraine, a 
true migrainous attack can be set up by straining of the eyes, just as it 
can by many other injurious influences. 

. In empyema of the frontal sinus, there are also frontal headaches, but 
they are always on the same side, which is commonly not the case in 
migraine. When drainage into the nasal cavity is free, the pain is not 
particularly violent, but is more like a dull pressure. On the other hand, 
upon closure of the excretory duct and accumulation of the secretion, very 
violent, boring or hammering pains set in. The pain often comes in attacks, 
or sometimes shows a periodical increase, especially in the morning, when 
the secretion has accumulated during the night. Sometimes the pain in- 
creases when the head is bent forward. Local symptoms are tenderness 
of the upper margin of the orbit to pressure or percussion, tenderness to 
pressure of the supra-orbital nerve, and in acute cases a slight cedema of 
the skin over the frontal sinus. In addition there is a history of frequent 

colds in the head or blocking of the nasal cavity on the side of the pain. 
A certain diagnosis, however, can be made only on the basis of a rhino- 
logical examination. 

Lastly, supra-orbital neuralgia has, in common with the two other 
kinds of headache, its localization in the forehead; and the tenderness of 
the supra-orbital nerve to touch occurs in the disorders above mentioned, 
too. Its character of recurring in attacks neuralgia shares with migraine, 
and the unilateral character of the pain it shares with disease of the frontal 
sinus. During the attack the eye of the affected side often is less wide 
open and weeps, and is even slightly injected, so that the suspicion of there 
being some eye trouble might be excited. It is to be stated as a character- 
istic sign of supra-orbital neuralgia that the pain is particularly violent 
and that the tenderness of the nerve, when touched during the attack, is so 
great that the patient draws his head back at once when this is done. The 
attacks set in suddenly after an interval of entire freedom from pain and 
sometimes are of but short duration, but recur either every day at certain 
hours or in irregular fashion several times a day. 

Headaches of a persistent character, but with temporary exacerba- 
tions, accompany uremia. Nephritics, therefore, suffer much from head- 
aches, which are deep-seated and are boring in character. Sometimes 
there are vertigo and vomiting. In chronic nephritis frequent headaches 
are often the only thing of which the patient complains. In increase of 
brain-pressure (chronic hydrocephalus, meningitis serosa, brain tumor) 
the pain often has a similar character, but is still more often accompanied 
by vertigo and vomiting; often also there is tenderness of the skull to per- 
cussion at the point where the severest pain is situated. Hence in patients 
who complain of frequent headaches, the examination of the urine for albu- 
min and of the eyes for changes at the optic-nerve entrance should never 
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be neglected. These latter changes may last a long time without there 
being any interference with sight, so that it would be a mistake to believe 
that an ophthalmoscopic examination is superfluous if the patient sees well. 

In syphilitics deep boring headaches occur which undergo exacerba- 
tion chiefly at night. In gout and in rheumatism (rheumatic nodes on the 
branches of the trigeminus) there is present a quickly varying and boring 
or tearing pain in the orbit or about it or in the forehead. Arteriosclerosis, 
general anemia and its opposite, plethora, give rise to headache. Young 
persons are often brought to the ophthalmologist on account of headaches 
which are thought to be connected with eye-strain caused by study. But 
in many of these cases no cause is to be found for the headache, which is 
then given the name of habitwal headache and usually diminishes or dis- 
appears as the patient grows up. [It is to be noted that very slight errors 
of refraction or some obscure or apparently trivial muscular error may 
cause persistent headache. If these causes are overlooked, as sometimes 
happens, an erroneous diagnosis of habitual headache may be made.—D.] 

41. Vertigo.—Vertigo is another very widespread symptom, on account 
of which the patients often visit the ophthalmologist with the idea that the 
vertigo starts from the eyes. It is advisable, therefore, to enumerate, just as 
was done with regard to headache, the different kinds and causes of vertigo, 
and to show how we can tell whether the vertigo is to be attributed to the eyes. 

Vertigo, like headache, is a subjective symptom not to be recognized 
from any objective changes, so that the physician is dependent on the 
statements of the patient. These statements are much less precise than 
in the case of headache, partly because most men are not able to describe 
their symptoms intelligently anyhow, and partly because they are really 
dealing with sensations which are very difficult to define. We must, there- 
fore, find out from the patient exactly what sensations he has during the 
attack of vertigo, by what conditions it is usually occasioned, and how 
long it lasts. By an examination of this sort it becomes apparent that 
disturbances of the most varied kind are called vertigo, there being included 
along with true vertigo various sensations of distress and disorders of vision. 
The disagreeable sensations caused by sudden noises and by heights (in look- 
ing down froma height) are quite generally called dizziness, but have nothing 
to do with real vertigo. Of visual disorders it is mainly the transient sort 
that are erroneously called vertigo by the patients, who complain that they 
are “dizzy in their eyes’? when owing to hypermetropia the print swims after 
they have read a long time or when, owing to weakness of convergence, 
diplopia occurs, and the lines run into each other. Muse volitantes, 
a prodromal attack of glaucoma, scintillating scotoma, the momentary 
obscurations occurring in choked disk, are also often denoted as vertigo. 

Vertigo in the narrower sense of the word either takes its origin from 
some visual derangement, or it develops independently of the latter, 
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although even then not infrequently it is accompanied by visual derange- 
ment. The sensations which the patient has in the different forms of ver- 
tigo may on precise analysis be differentiated into the following varieties : 

1. Uncertainty in movement, as in grasping at objects and still more 
in walking, going up stairs, etc. This derangement arises from false locali- 
zation, the object that is grasped at or the spot on which it is desired to 
plant the foot being seen in the wrong place. To a very slight extent, 
everyone has this sensation who for the first time in his life wears glasses, 
when he walks about. He sees the floor in front of him raised or, on the 
contrary, depressed, and is afraid of falling. This pheuomenon very soon 
passes off as the patient becomes habituated to his glasses, and only in the 
ease of strong glasses, such as, for example, patients wear who have been 
operated on for cataract, does it happen that some cannot get accustomed to 
them. For the glass, when the patient does not look through its center, acts 
like a prism, and the more so the stronger it is, and, owing to prismatic deflec- 
tion, the object sighted appears in the wrong place. Hence, too, the trouble 
is the greatest when the patient looks quite obliquely through the glass, e.g., 
in looking down when he goes down stairs. We should, therefore, see to it 
that the glasses are well centered (see § 750) and should advise patients 
who have had a cataract operation not to look obliquely through their glasses, 
but rather to turn the head in the direction in which they wish to look. 

To a much greater degree this same trouble is produced by false 
localization in paralyses of the eye muscles, so that even slight degrees of 
the latter may be very troublesome. An insignificant paresis of the tro- 
chlearis, which becomes manifest only in looking far down, may actually 
make the act of going down stairs dangerous, unless the patient himself 
remembers to close the paralyzed eye, whereupon the vertigo at once dis- 
appears. [So too a very marked and persistent asthenopia is caused some- 
times by the very slightest amount of paresis in the inferior rectus, a paresis 
which ordinary tests fail to reveal.—D.] 

In paralyses of the eye muscles there is an additional factor which is 
calculated to excite vertigo, namely, 

2. The false movement of objects produced by false localization (see 
§654). The vertigo thus generated is often extremely great, but disappears 
at once on closure of the paralyzed eye. It is especially the peripheral 
paralyses that produce marked vertigo, while in paralyses of central origin 
the vertigo is often quite inconsiderable, and even the diplopia scarcely 
reaches the consciousness. 

A false movement of objects always occurs when the images on the 
retina are displaced without the patient’s being conscious of a movement 
of his eyes corresponding to the movement of the images. In paralyses of 
the eye muscles this happens because, without the patient’s knowing it, 
voluntary movements of the eye are absent; but in other cases because, 
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conversely, movements of the eye occur which do not reach the patient’s 
consciousness. These latter involuntary and unconscious movements 
occur in nystagmus and in vertigo produced by turning round. In the 
ordinary sort of nystagmus originating in childhood, no false movement 
occurs, because the patient is habituated to his abnormal eye movements 
and has learned to take them into account in judging of the displacement 
of the images on his retina. In nystagmus that develops later—miners’ 
nystagmus, nystagmus originating in the ear, and nystagmus in dissemi- 
nated sclerosis—false movement of objects and consequently vertigo do 
occur. Unconscious movements of the eyes also develop in the attempt 
to follow objects that are continually passing by, as, for instance, when 
one looks from a bridge at the water flowing beneath. When in that case 
the gaze falls upon objects which do not alter their position with regard 
to the eye (the flooring of the bridge, the bank), these appear to be moving 
in the opposite direction. The same thing occurs when the objects are 
still but the man is moving, e.g., when he is looking from a moving railway 
train or if he whirls round (vertigo in dancing). In the latter case there is 
a further factor which adds to the false movement and which is the irrita- 
tion of the nerve terminals in the semicircular canals. This leads to another 
variety of vertigo. This variety is characterized by 

3. The sensation of disturbed equilibrium, of falling or of being turned 
in a certain direction, so that by a movement of the body, which com- 
pensates for this imaginary disturbance, a fall in the opposite direction 
may easily result. To the highest degree such vertigo is present in Méni- 
ére’s disease; to a less extent it is produced in patients with ear trouble by 
syringing the ear, the use of the air douche, etc. These cases are character- 
ized by the fact that with them are associated disorders of hearing that 
correspond to the affection of the inner ear. But even in healthy ears the 
vestibular apparatus can be irritated and thus a vertigo be produced by 
whirling round, by swinging, by syringing the ear, or by galvanization. 
This irritation is commonly associated with nystagmie movements of the 
eyes which in themselves are calculated to set up vertigo. But the main 
cause of the latter hes in the irritation of the vestibular nerve, since the 
vertigo is evoked even when the eyes are closed. 

4. Vertigo forms with headache and vomiting the triad which belongs 
with the symptoms that regularly accompany intracranial increase of ten- 
sion. In addition, but not of quite such regular occurrence, is a fourth 
symptom, choked disk. Vertigo can be made available as a focal symptom 
only when it develops in a particularly intense way and is combined with 
ataxic symptoms, as is the case in involvement of certain portions of the 
brain, especially the cerebellum and the vermis. 

5. A sensation in the head that cannot be precisely described, fre- 
quently combined with a transient feeling that everything is becoming 
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black before the eyes, is among the consequences of sudden changes of cir- 
cwaton in the brain, occurring thus in anzemic persons when they sit up 


‘suddenly, and occurring as a precursor of syncope and in arteriosclerosis 


of the arteries in the brain. It is known that disorders of the stomach are 
sometimes associated with vertigo, which can sometimes be excited volun- 
tarily by pressure on the epigastrium. The way in which vertigo is excited 
by the stomach has not yet been made clear. Caution, moreover, must 
rule in making the diagnosis of stomach vertigo, since any vertigo, if 
intense, may lead to vomiting, which should not then without further 
consideration be regarded as a disease of the stomach. 

42. |Asthenopia? is a sense of strain and weariness in the eyes and head, 
set up by the use of the eyes. The patient with asthenopia says that the 
eyes “give out.’”’ It may occur alone (asthenopia simplex), or be associated 
with pain in the eyes (asthenopia dolens), headache (asthenopia cephal- 
algica), or irritation, redness, and burning of the eyes or lids (asthenopia. 
irritans). It may be accommodative, i.e., caused by refractive errors, 
especially hyperopia (see § 781) and astigmatism; muscular, i.e., caused 
by anomalies of the exterior muscles (see § 691); nervous, i.e., caused by 
hysteria or neurasthenia (see § 579); photogenic, i.e., caused by excessive 
or improper illumination (see § 37); or reflex, i.e., produced by morbid con- 
ditions of other organs, especially the nose and its accessory sinuses and 
the teeth. Asthenopia is the commonest of all eye symptoms and the one 
that is most readily relieved by proper treatment, which consists essentially 
in the removal of its cause.—D.| 

43. [Other symptoms of which the eye patientsometimes complains are: 

1. Doubleimages (monocular or binocular diplopia; see §§646and 650). 

2. Multiple vision (polyopia, see §§ 471, 790). 

3. Metamorphopsia, micropsia, and macropsia (see §§ 116 and 797). 

4. Flashes of light before the eyes (photopsiw). These are due to 
irritation of the retina from pressure, traction, etc. Not infrequently they 
indicate a beginning detachment of the retina. 

5. Chromatopsia? In this objects appear unduly colored; looking, 
for example, too red (erythropsia, see § 20), too blue (cyanopsia‘) or too 
yellow (xanthopsia*). 

6. Floating specks before the eyes (musce@ volitantes, see § 502). 

7. Reflex disturbances (remote pains, nausea, tics of various kinds). 
These are not infrequently set up by refractive and muscular anomalies. 

8. Head-tilting (sometimes amounting to actual torticollis). This 
occurs in astigmatism (being then usually slight) and in motor anomalies, 
particularly pareses of the ocular muscles (see § 655).—D.] 


2 From acevis, weak, and oy, sight. 
3 From xpoua, color, and #y, sight. 
4 From xvaveos, blue, and a, sight. 
5 From tavé0s, yellow, and oy, sight. 
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HyGienic REGULATIONS 


44, General Hygienic Regulations.—These consist in the prescription 
of a light diet and in the case of inflammatory eye affections also in the 
withdrawal of alcohol. But from very old people who have beenaccustomed 
to take a little alcohol regularly, the latter should not be withdrawn, and as 
little ought we without further consideration to take alcohol away from 
actual drunkards. Such a rule applied after an operation, for example an 
operation for cataract, would be directly calculated to provoke an attack 
of delirium tremens. A good night’s rest is important; if this is dis- 
turbed by severe pain, which very often sets in just at night, an anodyne 
must be administered in the evening. Of the ordinary remedies acetylico- 
salicylic acid (aspirin) has a particularly good effect in the pain caused by 
inflammation of the eye. With very violent pain, however, a morphine 
injection is the only thing that helps. As far as possible we should permit 
the patient to go out every day into the fresh air, but if he is very photo- 
phobic not till after sundown. He should stay in an atmosphere free from 
dust and smoke (avoiding restaurants filled with smoke, ete.). With any 
serious deep affection of the eye [inflammation, hemorrhage, traumatism 
—including operations], abstention from work is required, including both 
heavy physical work and also any work that would strain the eyes. [It 
is important, therefore, in these cases to keep the patient in bed, so that 
as small demands as possible shall be made on the general and intra- 
ocular circulation, and eye and body shall have less chance to move 
about. Sometimes in inflammations and usually after operations, in order 
to rest and protect the eyes it is necessary to use protective glasses or a 
bandage (see §§ 45, 47). In general, such protection must be applied to 
both eyes, even though but one is affeeted.—D.] 

The patients often think that if they bandage the affected eye they can with 
impunity read with the sound eye. But it is not possible to exert one eye alone. Accom- 
modation, and convergence, and the contraction of the pupils that is associated with 
them always take place in both eyes at the same time and to an equal extent, and in 
experiments upon animals the illumination of one retina suffices to cause contraction 
of the cones and advancement of the pigment in the non-illuminated eye as well. If, 
therefore, a diseased eye is to be protected from the light, it is not sufficient to bandage 
it alone; both eyes must receive protection. 

Absolute exclusion of light by bandaging both eyes or staying in a very dark room 
is scarcely ever required. We have abandoned treatment in the dark, which formerly 
was often employed and which depressed the patients physically and mentally. The 
like is true of the bilateral bandage which formerly was applied for a series of days, 
especially after cataract operations. A not infrequent consequence of complete exclusion 


of light in old persons who are predisposed to dementia is mental derangement, In a 
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person who has been operated on for caratact I bandage both eyes simply on the day 
of the operation, and from the first day on let the patient stay—and without harm to 
him, either—in quite a light room. 


45. Protective Glasses.—As stated above, when protection from light 
is indicated, this should be applied to botheyes. For this purpose protective 
glasses are used. For the visible rays we use glasses of a neutral gray color. 
These are indicated for healthy eyes when an excess of light has to be kept 
out (in travelling over snow, in the tropics, and in certain industrial pur- 
suits).’- They are indicated for diseased eyes, to protect them against even 
ordinary daylight, when either there is great sensitiveness to light (photo- 
phobia) or disease of the retina or uvea. Since the organs are stimulated 
by light to the performance of their function, the shutting out of light is 
the first condition for putting them in a state of rest. 

Since all kinds of glass keep out much of the ultra-violet light, the 
ordinary smoked glasses also give in most cases a sufficient protection 
against the ultra-violet rays. Hence such glasses are always indicated 
when with much ultra-violet light very dazzling visible rays are present 
(in dazzling from snow, in work with the arc light, etc.).2- If we have to 
do with a light that is less intense, these glasses by cutting off the visible 
rays impair the ability to see minute objects. For such cases it is desirable 
to have a glass which keeps out the visible rays either little or not at all, but 
keeps out the ultra-violet rays as completely as possible. Glasses having 
this property are those which with a yellow or red color have also a certain 
chemical composition. Fieuzal devised the first glasses of this sort. Better 
still is the euphos glass recommended by Schanz and Stockhausen, which 
is not too deep a yellow. [Other glass mixtures of various names and com- 
positions have been devised. An amber glass not too deeply tinged is 
fairly satisfactory. Having very little color tinge but quite effective in 
excluding the ultra-violet rays is the Crookes’ glass.—D.] 

46. Eye Guards.—For purposes of prophylaxis against eye injuries eye 
guards are used. These should protect the eye not only in front but also at 
the side. On the other hand, they should not exclude the air from the eye 
altogether, because by so doing an unpleasant feeling of heat is engendered, 
and the glasses themselves become covered on their inner surface with 
moisture. Hence the lateral protection must be effected by means of a fine 
wire mesh, which permits the circulation of air. [To further coolness and 
circulation of air, an open space can be left between the upper rim of the 
guard and the brow, since foreign bodies practically never reach the eye 
from above (Collis).] The transparent part lying right in front of the eye 


1 [Also in looking at the sun, especially through a telescope. For this purpose and also in certain 
forms of welding sometimes deeply colored glasses are used, e.g., a red glass backed with a green or a 
d glass backed with a blue.—D.] j 
ical 2 [When smoked or colored glasses are ground in the form of convex or concave lenses, the thickest 
part, whether edge or center, looks darker than the rest. This can be obviated by grinding a plano- 


convex or plano-concave lens of white glass and cementing to it a plane slab of the desired color.—D.] 
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is made of glass or, on account of their being less fragile, of celluloid, mica, 
or wire tissue. But glass is the only material transparent enough to afford 
really good sight. These spectacles are hot, and readily become covered 
with sweat, moisture, dust, or smoke, and unfortunately, therefore, are 
worn by the workmen with much reluctance. [The glass also soon becomes 
clouded from the constant impact of metallic and other particles. Hence 
the guard should be so arranged that the glass can readily be removed 
and replaced (Collis) —D.] 

47. Eye Dressings.—A dressing for the eye may be either a protective 
or a pressure dressing. The object of the protective dressing is simply to keep 
the lids closed and still. By this means erosions, ulcers, or wounds on the 
surface of the eye are kept from being scoured by the movementof thelids, a 
process by which pain is set up and the regeneration of the epithelium and 
the precise apposition of the lips of the wound are interfered with. Hence in 
major operations we usually bandage both eyes on the first day in order to 
put the lids in a state of complete rest. When there is much secretion from 
the eye, a dressing is not indicated. [A bandage should also be used with 
circumspection for an eye that is predisposed to glaucoma, since the pupil 
dilates when the eye is covered and the mydriasis so caused may set up a 
glaucomatous attack.—D.] The protective dressing should be as light as 
possible. First, a bit of gauze is laid on the closed lids, then the hollow over 
the eye is packed flush with cotton, and the cotton held in place by strips 
of plaster ora bandage. In children, from whose heads an ordinary bandage 
always keeps slipping because of their continual restlessness, an immovable 
dressing made of a starch bandage is indicated. If the lids stick together 
beneath the dressing we smear the layer of gauze which lies upon the eye 
with an ointment containing boric acid or ichthyol. If it is a question of 
protecting the eye against a blow from the hand, which might force open a 
recently united wound (such a thing may readily occur in children at any 
time, and in adults during sleep), a protective wire cage or an aluminum 
shell (Snellen) is fastened over the eye. [See also Ring’s mask, Fig. 410.— 
D.| A moist dressing in which the cotton is soaked in boric-acid solution 
and the like, and which has a piece of waterproof material placed over it, 
readily produces eczema of the skin of the lids. 

The pressure dressing is made by applying more cotton to the eye and 
drawing the bandage tighter. When such a bandage is taken off after being 
on some time, the eye is somewhat softer than usual; in fact, some times the 
cornea is thrown into fine wrinkles, and the eye weeps and shows some cil- 
lary injection. The pressure acting on the eye from without has increased: 
the intra-ocular pressure by its own amount, so that now the aqueous flows 
out under a higher filtration pressure, and the eye thus becomes softer. The 
application of the pressure dressing is made with the expectation that patho- 
logical liquids, e.g., the subretinal liquid in detachment of the retina, will, 
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like the aqueous, more readily leave the eye. But very frequently the pres- 
sure dressing is badly borne; the eye becomes suddenly very soft, the ante- 
rior chamber unusually deep, and the ciliary injection may actually increase 
into an iritis. We must, therefore, proceed very circumspectly in applying 
a pressure dressing. The sensitiveness of many eyes with detachment of the 
retina towards a pressure dressing, arises from the fact that in such eyes the 
vitreous is not healthy and under the pressure dressing its volume rapidly 
decreases. Eyes which are sound in their deeper parts usually bear the 
pressure bandage well. We can, therefore, bring it into application without 
danger and even with the additional help of an elastic bandage, if we are 
dealing with ectasiz of the external coats of the eye. An ectasia which has 
already developed probably cannot be relieved by this means, but probably 
also the formation of such an ectasia can be prevented. If the yielding spot 
(the thinned floor of an ulcer in the cornea, a prolapsing iris, a softening of 
the cornea due to pannus or severe parenchymatous keratitis, a softened 
portion of the sclera) is no longer able to resist the normal intra-ocular pres- 
sure, it is possible by diminishing this pressure with a pressure bandage for 
a protrusion at this spot to be averted until the place has become sufficiently 
firm. With this object, I apply an elastic bandage once or twice a day for 
as long a time as the patient can bear it without pain, which is usually for 
some hours. 

In all cases where there is either the thinned floor of an ulcer, a recently 
united wound, or a still open perforation of the eyeball, sudden increase of 
pressure may lead to bursting open of the weak spot and to escape of the 
contents of the eye. Therefore, everything must be avoided which may 
produce a sudden increase of pressure, such as squeezing the lids, bodily 
labor like lifting a heavy weight, even stooping, straining at stool, chewing, 
and sneezing. Sneezing can be avoided if pressure is made at the right mo- 
ment with the finger on the hard palate in the region of the foramen incis- 
ium. When perforation threatens, rest in bed is indicated. 


SYMPTOMATIC TREATMENT 


Apart from this so-called hygienic treatment of the eye, disease of the 
eye requires special treatment adapted to it, which may be both symptom- 
atic and causal. For symptomatic treatment both physical and medicinal 
remedies are at our disposal. 

48. The physical methods of treatment are: 

(1) The action of temperature, usually under the form of cold or hot 
compresses. Because of the thinness of the lids, the effect of these com- 
presses extends not only to the conjunctival sac but also to the eyeball itself, 
in fact even to the tissues of the orbit. The effect of iced compresses is more 
thorough than that of warm compresses. The former can depress the tem- 
perature by about 4° C., the latter can raise it 1° or more. The effect of cold 
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compresses is to contract the blood-vessels and thus combat the hyperemia. 
They are chiefly used in recent injuries, after the action of corrosive agents 
and of severe cauterization of the conjunctiva, or after the expression of 
trachoma granulations, and finally in gonorrhceal conjunctivitis during the 
first stage. They diminish the feeling of heat and the pain. Furthermore, 
since cold retards physical and chemical processes, they are applied to 
diminish the swelling of the lens when it threatens to develop too violently, 
after wounding of the lens capsule. Much more in use are hot com- 
presses. Heat dilates the blood-vessels, increases the hyperemia, and 
accelerates metabolism, so that the natural protective substances of 
the blood are brought right to the spot. Phagocytosis by the leucocytes 
that have migrated from the blood-vessels is increased. Heat, there- 
fore, reinforces the curative efforts made by nature in combating the 
lesion. Hence hot compresses find extensive application in inflamma- 
tions of all sorts in the anterior portions of the eye, and often also act to 
reduce pain. But apart from theoretical considerations, it must be deter- 
mined by observation how in individual cases the application of cold or 
heat is borne. 

The compresses should be applied thus: The patient lies on his back, 
and the compress is kept on the closed lids by its own weight, and must not 
be pressed hard or tied tight upon the eyes. In order, also, that it may not 
press on the eye, it should not be too heavy. The best way of proceeding 
is to take a piece of linen or gauze, which is folded several times, so as just 
to cover the eye and its immediate vicinity; over this, a piece of water-proof 
material is applied in order to prevent too rapid alteration of the tempera- 
ture. For cold compresses, the material is placed in cold water or upon a 
block of ice. Instead of plain water, lead water or a sublimate solution is 
employed in some cases. Hot compresses are made with hot water or hot 
chamomile tea. In any event the compresses must be changed often. To 
obviate this, some have advised an ice-bag instead of the cold compresses 
and thermophores or Leiter’s tubes instead of the warm poultices; but all 
of these appliances have the disadvantage of being too heavy for the eyes. 
The electric thermophores alone, are light, but they are not to be had 
everywhere. 

[Hot compresses are usually applied continuously for a certain period (say ten min- 
utes), then intermitted for another period of twenty to fifty minutes. Cold compresses 
give the best results if applied without any intermission at all (De Schweinitz).—D.] 

The direct application of moist heat to the cornea is effected by means of one of 
the ordinary kinds of atomizers (vaporization), and the application of dry heat by a 
current of heated air applied through a special apparatus designed for the purpose. 
Both forms of application are employed mainly in inflammations of the cornea and to 
clear up corneal opacities. 


[The application of moist heat may be made by dropping very hot normal-salt 
solution directly upon the eyeball. An ordinary eye-dropper being filled with the 
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solution at a temperature ranging from 40° to 46° C., the lids are separated and the 
‘liquid is allowed to fall drop by drop, upon the sclera, or in certain cases upon the cornea. 
The temperature should be tested by dropping the liquid first upon the back of the hand, 
but it will be found that in many cases the eye will tolerate liquid too hot for either 
the skin, the lids, or the palpebral conjunctiva to bear. This form of application is of 
use in scleritis, keratitis, irido-cyclitis, and uveitis. Hot moist applications may be 
replaced by diathermy, or the passage through the parts of a high frequency electric 
current, which by the resistance of the tissues is converted into heat.—D.] 


49. (2) [|Phototherapy, or the application of light, especially light very 
rich in ultra-violet rays, has been used in corneal ulcers (Hertel, Schanz).—D.] 

50. (3) Radiotherapy {better actinotherapy], by means of the Réntgen 
rays, radium [and mesothorium]is employed inthe case of new growths upon 
the lids and cornea and in tuberculosis and trachoma of the conjunctiva. 
[Also in various forms of keratitis and in spring catarrh. 

In applying either radium or X-rays it is important that the a-rays and #-rays 
should be filtered out, as they act harmfully on the superficial parts. The y-rays do not 


do this, and at the same time they penetrate deeper, and act much more encrpel cally 
on morbid growths than do the a-rays and 8-rays (Leber).—D.] 


51. (4). Electricity gives good service in paralysis or spasm of the orbic- 
ularis. It is also applied in paralyses of the eye muscles. We are not, how- 
ever, able to make an eye muscle contract by means of the faradic current, 
unless the muscle is exposed, and it is, therefore, a question whether faradiz- 
ation is of any therapeutic value at all in paralyses of the eye muscles. The 
case is scarcely better for the galvanic current, which has but very slight 
current density when it flows through an eye muscle. So, too, the thera- 
peutic results of galvanization in ordinary atrophies of the optic nerve are 
very doubtful. [According to Coleman, the sinusoidal (alternating) current 
produces often great and permanent improvement in these cases.—D.] 
Better authenticated is the action of electricity as an analgesic in eye inflam- 
mations. A saucer-shaped electrode is placed on the closed lids, the other 
electrode is put in the patient’s hand, and a weak faradic current is passed 
(Reuss). Electricity achieves actual triumphs in all cases in which the action 
of suggestion is concerned, that is, in the numerous cases of neurasthenic 
and nervous asthenopia and amblyopia. The way in which we apply the 
electricity is of less consequence than our ability to impart to the patient 
the conviction that electricity is a very powerful curative agent which will 
surely relieve him. Electricity can also be applied for the purpose of mak- 
ing remedies (especially iodine and mercury) which are dissolved in water, 
penetrate into the tissues of the eye by means of the galvanic current 
(cataphoresis). 

[Alypine, cocaine, and holocaine may be introduced into the tissues by cataphoresis, 


in order to anesthetize them for operation (see § 803). 
Differing from cataphoresis, in which the substance as such is conveyed into the 
tissues, is electrolysis, in which a chemical compound is dissociated, one component of 
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it (ion) collecting at the anode, the other at the cathode. Conveyance of ions by this 
means is called iontophoresis or ionic medication. A current of not over 2 milliamperes 
is used. Substances applied by iontophoresis are zinc sulphate in 4- to 14-per-cent 
solution (in ulcus serpens, dendritic keratitis, and herpes corneze) and quinine sulphate 
in herpes zoster. In a more mechanical way electrolysis is used to remove cilia and 
shrivel up vascular tumors of the lids (see §§ 826, 828).—D.] 

52. (5) Hyperemia (Bier) can be induced in the eye in the form of 
suction hyperemia. A glass of the shape of a cupping glass is placed with 
its mouth upon the lids, and the air in it is rarefied by suction made with a 
rubber bulb. There are produced cedema of the lids and conjunctiva, some 
exophthalmus, and evidently also an exit of fluid from the eye itself, for the 
latter directly after the procedure is softer. But this diminution in tension 
is not lasting, and the therapeutic value of the whole procedure in cases of 
increase of tension is still questionable. On the other hand, the method 
is employed with advantage in the case of purulent processes in the lids. 

53. (6) Blood-letting is accomplished by means of leeches, or with 
Heurteloup’s apparatus. Leeches to the number of from 6 to 10 are placed 
on the temple, not too close to the iids, as otherwise the latter become cede- 
matous and swollen. Blood-letting is proved to have a particularly favor- 
able action in severe irido-cyclitis. 

In inflammation of the deep parts (chorioid, retina, optic nerve) use of it is but 
rarely made now. In such cases we withdraw the blood from a point over the mastoid 
process because an emissary vein of Santorini, which carries off the blood from the 


transverse sinus and thus indirectly from the cavernous sinus and the ophthalmic vein, 
empties here. 


54. (7) Massage of the eye is used mainly in the case of scleritic nodules, 
and, combined with the application of yellow oxide of mercury ointment, 
for clearing up corneal opacities. [It is sometimes used in glaucoma.] 

[Deep massage is used in retinal embolism to dislodge the embolus (see § 518). It 
is best done with the fingers, which are introduced as far back into the orbit as possible 
while the eye is turned far in different directions. Another, perhaps more effective, 
way is to make deep pressure with the fingers far back, or to squeeze the ball between 


two fingers placed on opposite sides of the globe, and then suddenly release the pressure— 
a manoeuvre which causes the blood to flow suddenly into the vessels (see page 19).—D.] 


55. (8) Diaphoretic treatment plays a great part in ophthalmology. It 
is employed for inflammations (scleritis, irido-cyclitis, chorioiditis, retinitis, 
retro-bulbar neuritis), and for the absorption of blood, exudate, opacities 
of the vitreous, and subretinal liquid. Diaphoresis by the subcutaneous 
injection of pilocarpine is so disagreeable for the patient that it has [largely] 
been given up. The most usual means of producing sweating are: (a) the 
taking of 1-2 grammes of aspirin with linden flower tea or hot lemonade, and 
then covering up warm in bed; (b) hot baths followed by wrapping in a dry 
woolen blanket; (c) a hot-air bath in bed (in this the air is heated by an aleo- 
hol lamp and is carried by a tube beneath the bed-clothes, which are raised 
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somewhat by means of a cradle) ; (d) vapor baths; (e) the electric-light bath. 
We select any one of these procedures, depending upon the patient’s wishes 
- and the local conditions, and we produce diaphoresis every day or at longer 
intervals according to the severity of the case and the patient’s strength. 

Sweating has a therapeutic value only when it is very profuse. If it remains only 
in the stage of congestion which precedes the sweating, or if the skin becomes but 
slightly moist, we get simply the disadvantages of the procedure without its advantages. 
If by sweating we wish to remove pathological products from the eye, the patient should 
take altogether very little liquid, since what we are trying to effect is the absorption 
of pathological effusions, by removing a large quantity of water. If, on the other hand, 
it is a question of removing toxic substances from the body, we make the patient drink 
water in abundance, since the excretion of sweat increases proportionally, and the 
injurious substances are the more abundantly eliminated. ; 

Diaphoretice treatment is contraindicated in arteriosclerosis and heart disease, in 
patients who are in a very reduced state (especially tuberculous patients), and in 
pregnancy. 

56. Medicinal remedies are applied in solution or as ointments or in 
the form of powder. Watery solutions are intended to be dropped. into the 
conjunctival sac once a day or oftener. Solutions which irritate and hence 
are followed by rather profuse secretion, should not be instilled directly 
before the patient goes to sleep, because the resulting reaction interferes with 
his going to sleep, and the increased secretion is prevented by the closed lids 
from escaping freely. On the other hand, remedies are to be instilled in the 
evening when we wish them to act particularly by night (thus, for example 
in the case of the mydriatics in iritis, since the pupil is at its narrowest dur- 
ing sleep and hence synechiz are most apt to develop at this time). If after 
being used a long time the solution shows cloudiness or flocculi it is to be 
renewed. In eyes with recent wounds due to injury or operation, only ster- 
ile solutions should be instilled. Slightly warm solutions pain less than cold 
solutions when they are instilled and are also rather more easily absorbed. 
It is useless to instil the solution in large quantities at any one time, for only 
a little remains in the conjunctival sac, and the rest at once flows off. One 
good drop is sufficient; if while we are dropping it in we make the patient 
look up and at the same time draw down the lower lid, the solution stays 
longer in the conjunctival sac and is absorbed in greater amount.’ Drugs 
which alter the size of the pupil arrive by diffusion through the cornea into 
the aqueous, and thence act upon the iris (see page 8). A part of the solution 
is also absorbed by the conjunctiva and by the nasal mucous membrane, 
the solution reaching the latter through the tears. Ordinarily, this absorp- 
tion is too slight to result in any general effect (symptoms of poisoning). 
This occurs only when the instillation is made very often, or when very con- 


centrated solutions are used. 


3 [This is particularly the case if, after the patient looks up and while we are still holding the 
lower lid away from the eye, we direct him to look down so that the cornea is immersed in the fluid 
lying in the conjunctival sac.—D.] 
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By some the alkaloids are applied in an oily solution. Application in 
the form of an ointment which is introduced into the conjunctival sac is 
used particularly for atropine and cocaine and is advisable when there is a 
profuse flow of tears which would wash out a watery solution at once, while 
an ointment will stay longer in the conjunctival sac. The alkaloids are also 
obtainable in the form of small tablets, which are placed in the conjunctival 
sac and dissolve there. 

As to owntments, those that are intended for the margin of the lid are 
rubbed in upon the closed lids in the evening before the patient goes to 
sleep, so as to act during the night. Crusts and scales are previously to 
be removed as far as possible by washing them with tepid water [and soap, 
§ 602 —D.]. Since sometimes it is impossible absolutely to prevent some 
of the ointment from getting into the conjunctival sac and upon the cornea, 
very irritant ointments which are well borne by the skin cannot be applied 
to the eye. For lid ointments a fat should be chosen as a basis which is 
somewhat hydrous, for the water as it gradually evaporates cools the in- 
flamed borders of the lid (cooling ointment). We accordingly select the 
unguentum emolliens or, as this soon becomes rancid, vaselin with which a 
small quantity of hydrous lanolin is mixed. Other ointments are designed 
to be introduced into the conjunctival sac, including besides the atropine 
and cocaine ointments already mentioned, mainly ointments made with 
iodoform (in the case of wounds and ulcers), with copper citrate (in tra- 
choma), and with white or yellow oxide of mercury (in corneal processes). 

Just as in the case of irritant collyria, the copper and mercury ointments, owing to 
their irritant action, should not be introduced into the eye at night before the patient 
goes to sleep. Ointments intended for the conjunctival sac should not contain any coarse 
particles which would act as a mechanical irritant. The medicinal substance must, 
therefore, be in the very finest powder, and must be rubbed up with the ointment bases 
with special care so as to form a uniform mixture. (This is particularly the ease with 
the yellow oxide of mercury ointment. This should be kept in black jars, since it is 
gradually decomposed by the light.) 

Powdered remedies must be in a very fine powder. Calomel, gallicin, and 
dionin are sprinkled with a brush upon the conjunctiva of the depressed lower 
lid, not upon the cornea; iodoform is sprinkled upon the raw spot in the eye. 

57. The remedies most used in eye diseases are as follows (for physio- 
logical action, see §§ 322 et seq.): 

(1) Atropine. This dilates the pupil and paralyzes the accommodation. 
It is therefore used, on the one hand, to relieve irritation and inflammation 
of the iris, and on the other hand, to produce paralysis of the aceommoda- 
tion, for the sake of getting a precise determination of the refraction. In 
practice, usually a 1-per-cent solution of atropine sulphate is used. When 
a particularly great effect is to be attained, we place a granule of the atro- 
pine salt in substance in the conjunctival sac, where it dissolves in the 
tears, and affords a concentrated solution. Still greater is the effect if we 
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combine atropine with cocaine so that contraction of the dilatator of the 
pupil is added to paralysis of the sphincter. We cocainize the eye just as 
for an operation, and after anesthesia has set in, place a granule of atropine 
sulphate in the conjunctival sac. When it is employed in such an intensive 
way, symptoms of poisoning (see § 323) may set in, which do not usually 
occur with the instillation of a 1-per-cent solution. Specially susceptible 
to atropine are very small children who in about a quarter of an hour after 
the instillation of a 1-per-cent solution become red in the body, while, on 
the other hand, in them the dilating action on the pupil is slight. We 
should not be led astray by the latter fact nor instil atropine repeatedly, 
since even cases of death have originated in this way. 

In applying atropine (especially atropine in substance) to the eye we 
preclude symptoms of poisoning if we prevent the tears from flowing down 
into the nose. With this object we draw the lower lid away from the eye- 
ball for a little while, so that the tears pour out over the cheek, or we com- 
press the lachrymal sac with the finger. In cases of severe poisoning a 
subcutaneous injection of morphine is indicated as an antidote. 

Atropine is contraindicated in old persons with shallow anterior 
chamber, because in them glaucoma might be set up by the dilatation of - 
the pupil, and obviously it is rigorously forbidden when glaucoma has 
already broken out. [The same is true of homatropine, euphthalmine, 
and cocaine.—D.] It must. farther be discarded in persons who show an 
intolerance toward atropine (see § 323). 

In such cases the atropine, according to circumstances, must either 
be simply given up or it must be replaced by another mydriatic. Of 
these the most suitable is scopolamine hydrobromide, and in 14- to 14-per- 
cent solution, for it is more poisonous but also more active than atropine. 
[By some this in 14-per-cent solution is used regularly instead of either 
atropine or homatropine in determining the refraction (see § 792).—D.] 

Since atropine in ordinary dosage causes disturbances of sight lasting 
a week or more, we should never instil it without substantial reasons, as 
unfortunately isso often done. For the same reason we do not use atropine 
when it is simply a question of dilating the pupil to facilitate examination 
with the ophthalmoscope, but employ homatropine lor euphthalmine]. 

Too much caution cannot be inculeated in regard to the senseless way in which 
atropine is often used, as it still is, unfortunately, by many general practitioners, who 
instil it in every kind of eye disease. In many cases—e.g., in conjunctival catarrh— 
atropine is not only superfluous, but also causes the patient annoyance through the 
disturbance of vision produced by its use; and in eyes which have a tendency to glau- 
coma, atropine may actually inflict great injury by determining an attack of acute glau- 
coma. Accordingly, atropine should be employed only upon quite specific indications, 
and should be applied no oftener than is requisite to obtain just the result desired. 

58. (2) Homatropine. [This is used in 2-per-cent or 3-per-cent 
solution to paralyze the accommodation and thus facilitate the determi- 
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nation of the refraction (see § 792). The effect on the pupil and vision in 
this case lasts several days and is not promptly controllable by pilocar- 
pine or even eserine. Hence when we do not wish to produce such 
a thoroughgoing action, but simply to dilate the pupil in order to make an 
ophthalmoscopic examination, we use a [14- or] 1-per-cent solution, the 
effect of which lasts less than twelve hours and can be abrogated by one or 
more instillations of l-per-cent pilocarpine. It is particularly important 
not to use the stronger solution in case there is any suspicion of glaucoma. 

A 2-per-cent solution of euphthalmine is used for the same purpose as 
a 1-per-cent solution of homatropine. 

Homatropine in 2-per-cent solution may also be used as a tentative application 
instead of atropine in abrasions and slight infiltrations of the cornea (see §§ 208, 247) 
and as a means of diagnosis in suspected iritis ($336). In 1-per-cent solution it may 
be used to diagnosticate a suspected glaucoma (§ 442) and to ascertain the site of election 
for an optical iridectomy (§ 856).—D.] 

59. (3) [Eserine (physostigmine) and pilocarpine narrow the pupil 
and, by contracting the ciliary muscle, stimulate the accommodation. 
They may, therefore, be used in paresis of the iris and ciliary muscle, but, 
as their action is transient, are effective only when the paresis is well on 
the wane (see § 797) or when the paresis itself is transient, e.g., when due 
to homatropine or euphthalmine. When used for this purpose they should 
be given in full doses, i.e., the eserine in 4- to 14-per-cent (in certain cases 
even 1-per-cent) solutions, and the pilocarpine in 1- or 2-per-cent solutions. 

Of much greater value are these agents in glaucoma, in which they are 
used, in a strength and frequency varying according to the acuteness of 
the glaucomatous process and the results of the treatment (see § 458).—D.] 

60. (4) Cocaine. The practically important properties of cocaine are 
its anesthetic and mydriatic action. Owing to the latter, it is employed 
in order to produce a transient dilatation of the pupil for the purposes of 
examination, to reimforce the effect of atropine [and homatropine, and to 
promote the absorption of these agents and also of miotics, especially 
in inflamed eyes]. Still more important is the anesthetic action of cocaine, 
the therapeutic application of which Koller was the first to show. A 2-to 
5-per-cent solution of cocaine hydrochloride is used. If this is instilled 
several times at short intervals, we obtain complete insensibility of the 
conjunctiva and cornea, while the sensitiveness of the iris is but little 
reduced. The anesthetic effect lasts about ten minutes. It is most fre- 
quently used as a preliminary step to any painful manipulation of the eye, 
such as the removal of foreign bodies and actual operations. [For the 
latter purpose it may be introduced not only by instillation, but also by 
subcutaneous or subconjunctival injection or by cataphoresis (see §§ 51 and 
803).—D.] It also serves to diminish photophobia and blepharospasm, and 
hence facilitates examination. Finally, cocaine is frequently prescribed for 
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instillation in painful inflammations of the eye. But since it renders only 
the superficial portions of the eye insensible, it acts to relieve pain only in 
inflammations of the cornea, but not in irido-cyclitis, glaucoma, ete. But 
it is precisely in lesions of the cornea that cocaine can also do harm. We 
can convince ourselves of this fact when we instil cocaine a number of 
times in succession before an operation. The epithelium of the cornea then 
often becomes opaque and dull, or may even be exfoliated in places. 


There are two reasons for this; first, the direct injurious action of the cocaine on 
the epithelial cells and, second, the drying of the surface of the cornea which occurs 
because, as a result of the insensitiveness of the cornea, the lids do not wink enough. 
We should not, therefore, apply cocaine for too long a time and, while we are applying 
it, should take care that the patient keeps his eyes shut after each instillation; then 
we shall rarely have to complain of ‘‘cocaine opacity.” If we entrust a patient with a 
cocaine solution, to remedy some painful inflammation of the eye, he is easily induced 
to drop it in often because the analgesic action of the cocaine lasts only a short time. 
This frequency of instillation because of the injurious action of cocaine on the corneal 

‘epithelium may readily exert an unfavorable influence on the course of a keratitis. 
[Holocaine, especially in ointment or in oily solution,is a better drug than cocaine in 
such cases, and dionin or acoine is usually much better than either.—D.] 

The mydriasis produced by cocainization remains for some hours and may annoy 
the patient by the disturbance of sight that is associated with it. Both the mydriasis 
and the disturbance of sight can be speedily relieved by the instillation of, a drop of 
pilocarpine. [Part of the disturbance of sight is caused by dryness and consequent 
unevenness of the cornea. This can be relieved if the patient shuts his eyes at intervals 
so as to moisten the cornea. 

For the diagnostic use of cocaine in paralysis of the sympathetic, see § 401.—D.] 

61. After the introduction of cocaine other local anesthetics were 
prepared by the aid of chemistry. In deciding as to their value, the differ- 
ence in their toxic power has usually been the main point considered. So 
far as their application to the eye is concerned, however, this factor is of 
little account, because of the minute quantity in which these agents are 
applied. A more important thing is their mfluence on the blood-vessels of 
the eye and on the pupil. Only those anesthetics will be spoken of here 
which have found application in ophthalmology. 

Holocaine is more poisonous than cocaine. It has no influence on the 
blood-vessels and causes very little dilatation of the pupil. [It is used in 1- 
per-cent solution and isa very effective anesthetic, used particularly when we 
wish to avoid acting on the pupil or tension (hence, especially in tonometry, 
in operating for glaucoma, and in the removal of foreign bodies).—D.] 

All the other agents are less poisonous than cocaine. Of these— 

Novocaine is the most similar in action to cocaine but is weaker. [Its 
effect is heightened by the addition of 1 part in 5 of a 2-per-cent solution 
of potassium sulphate. It is the best anesthetic to add (in 4-per-cent 
solution) to subconjunctival injections, and with the addition of adrena- 


line it can be used to anzsthetize the eye for enucleation.—D.] 
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Tropococaine and. stovaine dilate the pupil less than cocaine; with the 
former the conjunctival vessels are unchanged, the latter dilates them 
somewhat. [Stovaine is used in a 4-per-cent, tropococaine in a 1- to 3-per- 
cent solution.—D.] 

Eucaine B and alypine leave the pupil quite unaltered but dilate the 
blood-vessels somewhat, and hence are advantageously combined with a 
little adrenaline. [Eucaine is used in a 1- to 3-per-cent, alypine in a 2- to 
4-per-cent or, if injected subconjunctivally, in 1-per-cent solution. By some 
good authorities alypine is regarded as the best of local anestheties.—D.] 

Acoine has no effect on the vessels and the pupil. It is used mainly 
as an addition to solutions which are to be injected under the conjunctiva; 
but unlike cocaine, it has the disadvantage of tending to produce inflamma- 
tion in the tissues. [A 1-per-cent solution in castor oil may relieve for a 
number of hours the sharp pain produced by erosions or abrasions of the 
cornea (especially those remaining after the removal of a foreign body).—D.] 

62. (5) Adrenaline, swprarenin, paranephrin are extracts of the supra- 
renal capsules, and tonogen [and epinine] are synthetic preparations which 
have the property of causing the smooth muscle fibers supplied by the 
sympathetic to contract, and hence act primarily as vaso-constrictors. If 
one of these drugs is dropped into a very much reddened eye, the latter 
after a few minutes (or even a few seconds) becomes pale as that of a corpse 
and remains so for an hour or longer. [The large conjunctival vessels and 
the deep (scleral) vessels are not usually affected. It may hence be used 
to differentiate between a deep and a superficial injection (in suspected 
iritis, etc.), and to show the character of tumefactions of the conjunctiva, 
since it reduces that part of the tumefaction due to vascular engorgement, 
but leaves unchanged that due to exudates.—D.] On account of its tran- 
sient action the suprarenal extract is not adapted for the treatment of in- 
flammation of the eye,* but only for the production of a temporary ischeemia. 
If we have an inflamed eye to operate on, it reinforces the action of the 
cocaine and-diminishes the bleeding during the operation. It may also be 
instilled during an operation, in order to diminish a troublesome bleeding. 
For the same purpose we add it, in the proportion of two or three drops to 
the cubic centimeter, to solutions of cocaine or other ansstheties intended 
for subcutaneous or subconjunctival injection. 

63. (6) Dionin (ethyl-morphine hydrochloride), when introduced in 
powder or in a 5-per-cent solution into the conjunctival sac, produces, 
first, much burning and injection of the eye, after which, in a few minutes, 
a marked hot cedema of the conjunctiva develops which may go on to a 
tense chemosis [with puffing of the lids and with sneezing. Some recom- 
mend beginning with a 27a “per~ -cent Solution and gradually increasing to 


4 (It i is said, however, to increase ae albumin content of the aqueous aa hence favor development 
of antibodies. If so it would act favorably in inflammatory conditions.—D.] 
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10-per-cent.—D.]. The cedema disappears again in a few hours. The 
great hyperemia of the conjunctiva causes the natural protective sub- 
stances of the blood to pass into the tissue of the conjunctiva and into the 
interior of the eye. A further curative factor is the fact that the escape of 
blood-serum in quantities into the conjunctiva can act to modify the 
circulation in the eye. We, therefore, attribute to dionin an effect in pro- 
moting absorption, for which reason we employ it for clearing corneal 
opacities. In scleritis and irido-cyclitis, dionin ameliorates the violent pain 
and also little by little diminishes the injection of the eye. Furthermore, 
it acts very well to counteract marked photophobia in conjunctivitis eezema- 
tosa, parenchymatous keratitis, ete. [In detachment of the retina and other 
affections of the deeper parts it may be used by subconjunctival injection 
(see below).—D.] On repeated application less and less oedema is produced 
and the therapeutic effect of the drug ceases too. Then its further appli- 
cation would produce only a useless sensation of burning without any 
curative effect. . 

[Dionin is said occasionally to produce rise of tension without causing mydriasis. 
Hence in doubtful cases it may be well to combine with it a miotic (Elliot).—D.] 

64. (7) Subconjunctival injections. The injection of active liquids 
beneath the conjunctiva has a twofold effect, namely, irritation of the 
tissue and alteration in the conditions of diffusion. The irritation of the 
tissue manifests itself at once by pain and by redness at the site of injec- 
tion. A more remote consequence of the irritation is the passage of the 
natural protective substances from the blood into the tissues and spaces 
of the eye, and upon this probably depends part of the curative effect of 
the injection, especially in corneal ulcers. The alteration of the conditions 
of diffusion occurs because after the injection there is present beneath the 
conjunctiva a salt solution (e.g., a 5-per-cent solution of sodium chloride) 
having a concentration quite different from that which belongs to the 
liquid in the vitreous. The differing osmotic tension tends to become 
equalized through the animal membranes which lie between the two liquids 
(sclera, chorioid, retina). Thus there is given a stimulus to metabolism, 
which may promote the absorption of subretinal liquids [in detachment of 
the retina], of exudates in the inner membranes of the eye, and of hemor- 
rhages and vitreous opacities. The injections are made with a hypodermic 
syringe after the eye has been cocainized. In corneal diseases they are 
made beneath the anterior portion of the conjunctiva (but not too near the 
limbus). In diseases of the posterior segment of the eyeball they are made 
in Tenon’s space [but not far back]. The redness and swelling that set 
in after the injection disappear after one or more days; and according to 
the way this occurs the injection can be made either every day or at longer 
intervals. After long-continued injections [especially if combined with 
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acoine] there is formed an adhesion between conjunctiva and sclera, which 
becomes more and more solid all the time. The substances which are 
oftenest used for injection are mercury oxycyanide (1 to 3 minims of a 
solution varying in strength from 1: 1000 to 1: 4000) and a 5- to 10-per-cent 
sterilized salt solution (one-half to one syringeful), [also dionin in from 44- 
to 5-per-cent solution.—D.]. In order to make the injection less painful 
cocaine [or better 0.2 gm. of a 4-per-cent solution of novocaine or of a 
1-per-cent solution of alypine] is added. In corneal ulcers, in which it is a 
question of causing an irritant effect, I am in the habit of using the mercury 
solution, and the salt solution in diseases of the deep parts where the exci- 
tation of diffusion is the thing to be considered. In inflammatory irritation 
of the eye injections are not well borne. 

65. (8) Strychnine. This exerts an excitant action upon the optic 
nerve, so that even in normal eyes it produces a slight although, to be sure, 
not permanent increase in the visual acuity and an enlargement of the field 
of vision. For therapeutic purposes, a 4-per-cent solution, of which a 
quantity equal to one-half or the whole of the contents of a Pravaz syringe 
—i.e., as much as 5 mg. of strychnine per dose—is injected once a day 
beneath the skin of the temple. {This dose may be increased to 10 or even 
12 mg., especially in paresis of the iris or ciliary muscle, in which condition 
it may give good results.—D.] It acts best in disturbances of vision unat- 
tended by changes visible with the ophthalmoscope, especially in hysterical 
and neurasthenic forms, which, however, generally afford a good prognosis 
anyway. In serious lesions of the optic nerve, as in progressive atrophy, 
we often obtain with it an improvement in the sight and especially an 
enlargement of the field of vision; but these changes are not permanent. 


CausaL TREATMENT 


66. Causal treatment is conducted in accordance with the etiology of 
the individual case. Hence it admits of a general consideration only so 
far as infectious diseases are concerned. The warfare upon the microbes 
and upon the effect they produce in the tissues can be accomplished by 
local and by general treatment. Local treatment is possible only when the 
bacteria are situated on or in the superficial portions of the eye, ie., the 
conjunctiva and the cornea, and are hence accessible to direct action. 
Since many diseases of the conjunctiva and cornea are of bacterial origin, 
great hopes, which, however, have not been fulfilled, were put in the begin- 
ning on antiseptic measures. Only two remedies have proved to be actually 
serviceable, remedies which do not belong to the antiseptics proper at all, 
and both of which were already employed long before the discovery of 
bacteria, namely, zine sulphate and silver nitrate. The former exerts a 
specifically mjurious action on the bacillus of Morax-Axenfeld, the latter 
on the gonococcus. [To these may be added optochin, which is a specific 
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against the pneumococcus, and possibly against the gonococcus.—D.] 
On the other hand, the antisepties proper in any such degree of concentra- 
tion and with any such length of application as would be required for killing 
bacteria, produce extreme irritation of the eye, and injure its tissues so 
much that they do more harm than good. [This statement does not 
apply to the use of antiseptic solutions as a preliminary to operations 
(see § 802) nor to the occasional use of iodine as a direct antiseptic (not 
caustic) application to the eye.—D.] If the bacteria are situated not 
altogether on the surface, but in the tissue itself, they can be annihilated 
only if the tissue is destroyed at the same time. This is effected by means 
of caustics. These can be applied only when we have to do with a germ 
mass in the superficial membranes of the eye and above all in the cornea. 
Moreover, the germ mass must not have too great an extent, as, otherwise, 
too widespread destruction would have to be made. The caustic must be 
so fashioned that its action shall be precisely limited to the affected spot. 
This is true of the eye more than of other organs, because, for example, in 
thetreatmentof corneal ulcers every square millimetre of transparent cornea 
is of importance. Hence, liquid caustics or those which dissolve quickly 
are unsuitable, because they would flow over the neighboring parts and 
destroy them. [The action of nitric and pure carbolic acid can be sharply 
localized, and these two agents are often used to limit corneal suppura- 
tions.—D.] Answering best to the requirements propounded, is the actual 
cautery which is usually employed under the form of a fine galvano-cautery 
loop. It is used above all in ulcus serpens and other rapidly advancing 
corneal ulcers. Weaker caustics are a stick of copper sulphate, whittled 
to a sharp point, which is employed to advantage in keratitis dendritica, 
and tincture of iodine which is applied with a swab to the floor of the ulcer, 
after curetting away the necrotic portions. 

Where caustics are not advisable, the attempt must be made to 
strengthen the natural resisting power of the tissues against bacteria, 
Serviceable in this way are the application of heat, subconjunctival injec- 
tions, and paracentesis of the cornea, measures to which belongs the property 
of favoring the secretion of protective substances into the tissues of the 
eye, and most of all into the cornea. ‘ 

[Under the head of local treatment may be included the removal of 
a focus of infection remote from the eye, but causing disease of the latter. 
Such foci are found in the teeth, tonsils, accessory nasal sinuses, and 
intestinal tract, and cause all sorts of eye disorders (prominently keratitis, 
iritis and uveitis, optic nerve disease, weakness of accommodation, and 
asthenopia). Not infrequently, after the infection from these foci has 
become generalized, even thoroughgoing removal of the latter does not 
suffice, but has to be combined with a vaccine treatment (see § 69).—D.] 
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67. General treatment has to reinforce local treatment and is the only 
form of therapy possible when the bacterial focus is not directly accessible. 
Besides the remedies, like diaphoresis, mercury, and iodine, which are 
applied generally in infectious diseases of various kinds, there are also those 
which possess a quite specific action for certain morbific agents. These 
methods of treatment are just now beginning to develop on the basis of 
experimental research, and it should not, therefore, excite surprise that 
their results as yet are somewhat uncertain. They are based on the fact 
that by passing through one infection one acquires an immunity, varying 
in degree, against a new infection by the same morbific agent, because the 
body forms specific protective substances against the latter. The action 
of the protective substances may consist either in their killing the bacteria 
themselves or in their neutralizing the poisons produced by the bacteria. 
Such an immunity may also be produced artificially, and that either in a 
direct or indirect way. The former is active immunization [or vaccine 
therapy], which consists in injecting into the patient dead or weakened 
cultures of bacteria of the same kind as those by which he has been made 
ill, so that he himself may form in his own body substances protecting 
against these bacteria. The type of such an active immunization is the 
injection of tuberculin. The indirect method is called passive immuniza- 
tion lor serum therapy], which consists in subjecting an animal to active 
immunization, so that its serum forms protective substances which then 
are employed for rendering the patient immune. The protective sub- 
stances contained in this serum may be either antitoxic or bactericidal. 
The oldest example of the first case is the antidiphtherial serum, while the 
pheumococcus serum, for example, contains bactericidal substances. 

‘The protective substances are of avail only against that kind of bac- 
terium with which the immunization was produced. Since some bacteria 
act differently in different strains, some, in order to secure a specific im- 
munization, have gone so far as to try to immunize an individual case of 
disease by means of cultures which they have obtained from the morbifie 
germs derived from the case itself. But the preparation of cultures in 
sufficient quantities demands so much time that in acute eases one would 
usually be too late to effect a cure. [In acute cases, therefore, while the 
autogenous vaccines, i.e., those derived from the patient himself, are pre- 
paring, heterogenous vaccines of similar character derived from other sources 
are used. Or an autogenous serum may be used derived from a blister 
raised on the patient’s skin (Rémer).—D.] Another way of getting a 
specific serum with certainty consists in procuring it by immunizing ani- 
mals with different strains of the same species of bacterium, so that one 
may expect that the special kind of strain by which the patient is rendered 
ill should be represented in it. Such a serum has been called polyvalent 
{better multivalent.—D.], but the same expression has been used in an 
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almost opposite sense, in that there has been attributed to individual sera 
_ (e.g., the diphtheria serum) the ability to act against all possible infections. 

[When a specific germ cannot be isolated from the lesion in the eye 
itself or from the blood, complement fixation tests are used in order to deter- 
mine the specific organism producing the disease and the one that should 
be used in immunizations. The oldest of these tests (that for the spiro- 
cheta pallida) is the Wassermann test, but in recent years complement 
fixation tests for the gonococcus, pneumococcus, various strains of staphy- 
lococcus and streptococcus, the influenza bacillus, the colon bacillus, and 
the micrococcus catarrhalis have been applied (Hasiings, Reber).—D.] 

The attempts at immunization which so far have proved most cer- 
tainly effective in ophthalmology are that with the diphtheria serum by 
passive immunization and that with tuberculin by active immunization. 

The diphtheria serum has only a limited application, namely, in diph- 
theria of the conjunctiva, in which it is successfully employed both by sub- 
cutaneous injection and by instillation into the conjunctival sac. 

68. Tuberculin has enjoyed an extensive application in ophthalmology, 
particularly through the efforts of Hippel Senior. It is used for diagnostic 
and for therapeutic purposes. Its diagnostic application is designed to 
determine whether the patient is tuberculous at all and in particular whether 
his eye disease depends on his tuberculosis. The former is the case if the 
_ patient reacts in a positive way, i.e., with a rise of temperature, to the 
tuberculin injection; the second, if alocal reaction occurs in the diseased eye. 

The diagnostic application of tuberculin is performed by injecting 
the old tuberculin of Koch. Since in positive cases this excites fever, it is: 
to be omitted as superfluous, if the presence of tuberculosis has been already 
made certain by the physical examination of the patient or by the exami- 
- nation of the sputum. In other cases, we inject 0.5 mg. beneath the skin 
of the upper arm. Before the injection, the patient should have his temper- 
ature taken every two hours for two days, so that we may know his ordi- 
nary temperature curve, and then measurement of the temperature should 
be continued for two days more. [It is well also to make sure that there is 
no cavity in the lung nor active tuberculous process in the joints or ver- 
tebrie, since in such cases the use of tuberculin is dangerous (Wilder).—D.] 
The rise of temperature usually occurs before the lapse of 24 hours, but 
sometimes not till later. If no fever occurs within 24 to 48 hours after 
the injection [3 mg. should be injected, and if in 24 hours more there is no 
reaction 5 mg. may be given. If then there is no reaction, active tuber- 
culosis may be assumed to be absent. It is important to place the injec- 
tions thus close together, since, if they are put too far apart, anaphylaxis 
may develop.—D.]. Besides the rise of temperature, there frequently 
develops, if tuberculosis is present, a local reaction at the site of injection, 
namely, an infiltration of the subcutaneous cellular tissue at the place 
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where the tuberculin passed from the point of the needle into the tissue. 
The skin at this place is a little reddened and beneath the skin is felt a hard 
and rather tender spot. [A focal reaction in the eye itself may also occur. 
This consists] either in increased injection or in fresh exudation; it occurs 
but seldom, and is unwelcome, too, since it means an aggravation of the 
eye disease [which in some situations, especially the cornea, may be quite 
dangerous]. It is true, though, that if a local reaction is absent, when a 
general reaction is present, the diagnosis that there is a local tuberculous 
trouble is only a diagnosis of probability. 

Other diagnostic methods of employing tuberculin are the cutaneous 
methods in which the tuberculin is introduced, not beneath the skin, but 
into it and excites in the skin a local reaction without causing fever. In 
Pirquet’s method the epidermis is scarified and tuberculin is placed on it; 
in Moro’s method a tuberculin ointment is rubbed upon the intact skin. 
Finally Calmette’s method consists in dropping tuberculin into the con- 
junctival sac; but since occasionally some not inconsiderable inflamma- 
tions of the eyes have developed in consequence, this method has been 
properly given up. 

The therapeutic application of tuberculin is performed by means of 
subcutaneous injections, for which we take either new tuberculin (TR), 
or the preparation known as bacillus emulsion. In this method, in con- 
trast to what obtains in the diagnostic application, care must be taken 
that the patient does not get fever. We therefore begin with a very 
small dose and increase it, but very gradually; and if the patient, in 
spite of this, does get fever, we return to the former smaller dose. [We 
should do the same or lengthen the interval between injections if 
there is a focal reaction in the eye. To determine whether this is present 
or not, we should examine the eye exteriorly and with the ophthalmoscope 
after each injection (Jackson). According to von Hippel, the initial dose 
should be 1:500 mg., but it is now thought safer to begin with one of 
1:10,000, 1:5000 or at most 1: 2000 mg. and to increase the dose at each 
injection, the injections beng made at intervals of a week or longer. At 
the Knapp Memorial Hospital the custom is to begin with 1:5000 mg. 
and give the injections 3 times a week; adding to each injection 1:5000 
mg., until a dose of 1:500 mg. is reached; then adding 1:500 mg. till a dose 
of 1:50 mg. is reached; then adding 1:50 mg. till a dose of 5 mg. 1s reached. 
Then at weekly intervals successive doses of 75, 35, ete., mg. are given until 
| mg. is reached. This is repeated every 3 or 4 weeks. In any event, 
whatever routine is adopted, the dose and interval must be regulated by 
the effect—D.| In a few cases we have to continue these injections for 
many weeks in order to attain success. 

69. [Other infections in which vaccine treatment has been applied 
with some success are those produced by the gonococcus, various strains 
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of the staphylococci and streptococci, the influenza bacillus, and the pneu- 
mococcus. Such treatment has been particularly applied in uveitis of 
gonorrheeal origin or derived from dental infection and the like; also to 
arrest a beginning suppuration after operations. As above stated, comple- 
ment fixation tests may be employed to determine the specific organism 
involved and to indicate the culture that should be used in forming the 
vaccine. As in using tuberculin, the amountof vaccine used and the interval 
between injections are regulated by the effect, i.e., the presence or absence 
of a local reaction at the site of injection or a focal reaction in the eye.—D.] 

70. Against the widespread parasitic disease, syphilis, no immuniz- 
ing procedure has so far been found. Fortunately, in salvarsan, mercury, 
and iodine we possess specifically acting agents with which to combat 
this disease. 

{Treatment in syphilis is largely regulated by the complement fixation or Wasser- 
mann test. A positive Wassermann may be found as early as the first week, but usually 
not before the fourth week of the disease. In secondary syphilis and in tertiary syphilis 
with lesions it is almost invariably present, but may be banished for the time being by 
treatment. Per contra, when absent it may sometimes be elicited if we give an injection 
of mercury or salvarsan (provocative Wassermann). It must be noted that it is found in 
some conditions besides syphilis (yaws, trypanosomiasis, some forms of malaria, 
scarlet fever). But this usually causes no confusion. 

In syphilis of the nervous system, including general paresis and tabes, the blood 
examination may prove negative, and yet the spinal fluid, obtained by lumbar puncture, 
will almost always give a positive Wassermann reaction. The spinal fluid at the same 
time usually shows lymphocytosis and a positive globulin reaction (Noguchi’s butyric- 
acid reaction). 

The Wassermann reaction can be replaced by Noguchi’s lwetin test (cutaneous 
reaction produced by the intradermic injection of dead spirochetz pallide). 

Salvarsan is used in doses of 0.25 to 0.30 gm., increased if need be, given by intra- 
venous injection every one or two weeks. In syphilis of the nervous system if salvarsan 
given intravenously is not effective, salvarsanized human serum may be administered 


by intraspinous injection.—D.] 

71. [Besides treatment addressed to the infections there is that form 
of general treatment which is concerned with the metabolic processes and 
has to do with the regulation of the digestive functions and of the internal 
secretions; furthermore treatment designed to improve the conditions of 
circulation of the blood and lymph or to improve the sensory, motor, or 
trophic functions of the nerves. Many diseases of the eye require for their 
successful treatment careful consideration of one or more of these factors. 

We may simply mention here the use of thyroid extract in parenchy- 
matous keratitis and other forms of corneal disease; the use of small doses 
of calomel and careful regulation of the diet in phlyctenular keratitis and 
in uveitis; the prolonged administration of iodides to absorb vitreous and 
other opacities; and the exhibition of arsenic in disorders traceable to per- 
verted nerve action (herpes zoster, corneal dystrophies).—D.] 
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CHAPTER I 
OBJECTIVE EXAMINATION OF THE EYES 


72. THE examination of a patient’s eyes is begun after ascertaining the 
history of the case.’ In making this examination too much stress cannot 
be laid upon the necessity of proceeding systematically, since otherwise 
matters of importance may very readily be overlooked. We first, therefore, 
take a survey of the patient’s appearance in general, as well as of the 
expression of his eyes and countenance; then we examine the eyes them- 
selves, and in so doing proceed successively from the superficial parts— 
lids, conjunctiva, and cornea—to the deeper portions. 

73. In respect to the lids, there are to be considered their position and 
mobility, the width of the fissure between them, and the way they shut 
together. The character of the skin lining the lids is examined, and espe- 
cially at their margins, where pathological changes are most often found. 
Apart from the symptoms of inflammation, which is very apt to be local- 
ized at the borders of the lids, the things that we must look for are whether 
the palpebral edges have not possibly lost their sharply defined form and 
outline, whether the cilia are correctly placed, and also whether the puncta 
dip properly into the lacus lacrimalis. At the same time, we must not 
neglect to investigate the region of the tear sac. Should simple inspection 
disclose no alteration, it is yet often possible, by pressure with the fingers 
in this region, to make the contents of the diseased sac exude through the 
puncta. Furthermore we ascertain whether the small lymph gland in front 
of the ear is perceptible to the touch and is sensitive to pressure. 

74. The examination of the eyeball itself is often rendered very difficult 
by strong spasm of the lids—blepharospasm. This is especially the case in 
children who, the more the physician attempts to draw the lids apart, 
squeeze them the more tightly together. In these cases the forcible sepa- 
ration of the lids calls for the greatest caution, since, if this is not observed, 
and a deeply penetrating ulcer is present, it is easy to cause a sudden perfo- 
ration of the cornea, nay, even the extrusion of the lens from the eye. By 
dropping a solution of cocaine between the slightly parted lids we try to 
diminish their sensitiveness; and for separating the lids we can, with advan- 
tage, use Desmarre’s elevator (see Fig. 2), with which we shall less readily 
inflict an injury than we should do if, by using the fingers, we exerted too 


1[In taking the history inquiry should be made for the various symptoms, such as increased 
secretion, redness of the eye, pain, asthenopia, headache, vertigo, blurred vision, diplopia, metamor- 
phopsia, head-tilting, etc., likely to occur in eye diseases (see pages 42-51), and also for the presence 
of any of the possible causal factors given on pages 20-41.—-D.] 
® 
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great a pressure upon the eyeball. Finally, in many cases it is only by 
means of general narcosis that we can obtain a sufficiently satisfactory view 
of the eyes. In spite of all these difficulties we should not be deterred from 
insisting upon an exact examination of the eyes at the patient’s first visit, 
in order to establish the diagnosis and prognosis and to determine the treat- 
ment. [The best way to examine a small child is to put it on its back in the 
lap of the mother or an assistant, who is seated opposite the 
examiner and who controls the child’s arms, legs, and body. 
The examiner, who is also seated, secures the child’s head by 
gripping it tightly between his knees. The child is thus ren- 
dered perfectly immobile, and the examiner has both hands 
free to evert the lids, concentrate light on the eye, make appli- 
cations, or do anything else that is necessary.—D.] 

In regard to the eyeball itself, we must first satisfy our- 
selves whether its situation in the orbit, its position with respect 
to the other eye, its size, and its mobility are normal or not. 


[For the position of the eye in the orbit see § 710, and for the methods of 
determining the position of each eye with regard to the other and the abso- 
lute and relative motility of the two eyes, see §§ 673-675 and §§ 676-677. 

It is often important to determine the distance between the two eyes. 
This is usually ascertained by taking the interpwpillary (or pupillary) dis- 
tance. This distance naturally varies according as the eyes are converged 
or not. To determine it when the eyes are not converging at all, we pro- 
ceed as follows: Observer and patient face each other. The observer’s 
right eye and the patient’s left eye are closed or covered. The two un- 
covered eyes (patient’s right, observer’s left) look straight at each other. 
The observer holds a millimetre scale between himself and the patient, 
with its zero mark in line with the center of the patient’s right pupil. 
Then without moving the scale he directs the patient to open his left eye 
and close his right, while he himself opens his own right eye and closes 
his left. The patient being now directed to look straight into the observer’s 
right eye, the observer notes what part of the scale is opposite the center of 

(Fre, 2.—D] the patient’s left pupil. The reading will give the interpupillary distance 
inmm. when the visual axes are parallel. It therefore also gives the distance 
between the centers of rotation of the two eyes. This reading will be unaffected by the 
presence of a squint provided there is no absolute inability on the part of either eye 
to perform fixation. The interpupillary distance ranges between 53.5 and 71 (usually 
between 59 and 67) mm. 
The dimensions of the adult eye in mm. are as follows (Merkel and Kallius): 
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} The antero-posterior diameter of the eye is usually greater in myopes and less 
in hyperopes than that above given (see §§ 771 and 782). 

In the newborn infant the antero-posterior diameter of the eye varies from 15.78 
to 17.50 and the vertical diameter from 14.50 to 17.00 mm. The eye grows rapidly 
during the first few years of life, the vertical diameter growing faster. so that the eye 
becomes now more nearly spherical (Weiss). 

The center of rotation of the eye is 13.5 mm. back of the apex of the cornea 
(Helmholtz).—D.] 


75. The conjunctiva of the lids can be brought into view by everting the 
latter. With the lower lid, it is sufficient for this purpose simply to draw 
it down, while the patient is told at the same time to look up. _ [If in pulling 


(Fic. 3.—Beroer’s BrnocvuLtar Louvre wits Evecrric ATTacHMENT.—D.] 


the lid down we make slight pressure against it below with a somewhat roll- 
ing movement, so as to revolve the lid forward, not only will the lid itself be 
everted, but the retrotarsal fold will spring up and come into view.—D.] 
With the upper lid, eversion requires a certain degree of skill, which 
must be obtained by practice. It is the more important to acquire this 
facility, since it is just the conjunctiva of the upper lid that generally affords 
the best evidence for the diagnosis of conjunctival diseases: the thickening 
of the conjunctiva, the uneven surface, the formation of cicatrices, which 
are characteristic of trachoma, are here most easily to be perceived. Further, 
the eversion of the upper lid is very frequently necessary for the removal of 
foreign bodies. [To evert the upper lid we direct the patient to look down, 
grasp the lashes between the thumb and finger, and draw the lid down and 
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somewhat away from the eyebrow. When the lid is well on the stretch, we 
place a pencil or similar object lengthwise in the groove beneath the brow 
and just above the tarsus. With the fingers that grasp the lashes we turn 
the lid sharply outward and upward, keeping it on the stretch all the time 
and revolving it on the pencil as a gate on its hinge.—D.] 

76. In the examination of the cornea, besides a careful inspection with 
a good magnifier, such as Hartnack’s spherical loupe or Zeiss’s binocular 
microscope,” there aretwo main artifices in use,—examination of the corneal 
reflex and lateral illumination. To examine the corneal reflex signifies noth- 
ing more than to direct the eye in such a manner that the reflection of a 
window placed opposite it is visible upon the cornea (Fig. 78). By causing 
the eye to follow the movements of a finger held before it, the reflection is 


[Fic. 4.—Osxique ILLUMINATION. (After Posey and Wrght.)—D.] 


brought successively upon different portions of the corneal surface, of 
whose curvature and smoothness we in this manner obtain an impression. 
[See also § 190.] 

Lateral [or oblique] illumination consists in the concentration of light 
upon a certain portion of the cornea by means of a convex lens. This 
important method, although already employed by Himly, Mackenzie, and 
Sanson, was yet very little known formerly, and first obtained general cur- 
rency through the efforts of Helmholtz. <A light (candle or lamp) is placed 
beside and somewhat in front of the patient. [See Fig.4.] Then, by the aid 


* {Other corneal microscopes are those of Czapski and Howe. The binocular loupes of Jackson 
and Zeiss, which are attached to the observer's forehead by a head band, have the great advantage of 
leaving both hands of the observer free, and hence are particularly useful for finding and removing 
foreign bodies. An ordinary head-mirror often serves the same purpose very acceptably.—D.] 
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of a strong convex lens (of 15-20 D), the rays are concentrated to a cone of 
light, whose apex is made to fall upon the portion of the cornea to be exam- 
ined. This method is designated as focal illumination, because the point to 
be illuminated is brought into the focus of the lens. This point stands out 
with special distinctness because, on the one hand, a great quantity of 
light is concentrated upon it, and because, on the other hand, the parts 
immediately surrounding it remain almost completely in darkness. On this 
latter ground, lateral illumination gives the most advantageous results if in 
its application the room is darkened. By lateral illumination we can recog- 
nize opacities in the cornea which are perceptible in no other way. The iris, 
too, and the lens as well, can be examined in this way by varying the depth 
to which the light is projected. By so doing we have not merely the advan- 
tage of getting very sharp images, but also, from the fact that we can at will 
vary the depth to which the apex of the conical sheaf of rays is projected, 
we get information as to the depth at which the changes that we observe 
are situated. [In applying oblique illumination it is well to use two lenses, 
one of from two to three inches focal distance, held in one hand, to con- 
centrate the light, the other, held in the other hand, to magnify the image. 
By carefully focusing the two lenses and by making slight shifting move- 
ments with the condensing lens, we get the most accurate idea of the out- 
lines of opacities, the markings of the iris, and other important details.—D.] 
A handy method of lateral illumination is furnished by the lamp of Priestley 
Smith. This carries in its center a small candle as a source of light; a strong 
convex lens let into the side of the lamp serves for the production of the cone 
of light. [For examining the surface of the cornea it is often advantageous 
to use oblique illumination by daylight. The patient with his head thrown 
well back reclines in a chair facing a window, and the observer stands behind 
him, focusing the daylight on the cornea with a lens and examining the 
cornea from above with a strong magnifying glass. If the lenses are focused 
accurately on the surface of the cornea so as to bring to view the flecks of 
mucus on it, and the patient then moves his eye about, the finest abrasions 
and also the slightest deformations of the corneal reflex (see Fig. 78) can be 
made out with ease.—D.| 

[The cornea can be examined with the ophthalmoscope (see page 93), 
and defects in the epithelium of the cornea can be detected by fluorescein 
(§ 193).—D.] 

Besides examining the appearance of the cornea we have also to examine 
its sensitiveness, which is best done by touching it with the point of a thread. 

77. The anterior chamber must be examined more especially in respect 
to its depth—that is, whether it is shallower or deeper, as a whole, or 
whether possibly it is of unequal depth. Further, we look for any abnormal 
matters which may be present in the chamber, such as an exudate, blood, 


foreign bodies, etc. 


/ 
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(The ophthalmoscope can be used both by the direct method and by direct illumi- 
nation (§ 87) to demonstrate the presence of deposits, especially iritic precipitates in 
the anterior chamber. Furthermore, if the observer, standing to one side, holds the 
ophthalmoscopic mirror almost at right angles to the patient’s line of sight, he can see 
deposits and adhesions in the angle of the anterior chamber, which ordinarily would 
not be visible because hidden by the limbus (Salzmann).—D.] 


78. In the iris its color as well as the clearness of its markings must be 
observed. Special attention must be paid to the margin of the pupil, which 
should be examined—if need be, with the aid of a loupe—for irregularities 
(adhesions). In doubtful cases, in order to decide whether adhesions are 
present, a mydriatic (homatropine, atropine) should be instilled. At the 


[Friar 5.—Priestiey Smiru’s Kerarometrer. (After Posey and Spiller.) 

This consists of a lens containing a millimetre scale, B, B. If the observer places his eye at the 
focus of the lens, A, and looks through it at any object, as the cornea or iris, C, the size of the latter will 
be given accurately by the number of divisions that the object appears to cover on the scale.—D.] 
same time we notice whether the iris quivers as the eye makes a sudden 
movement. Then we determine whether the pupil is round, whether its 
width is normal and equal to that of the other eye. (If the pupil is of abnor- 
mal size we do not neglect to inquire whether possibly some drug has been 
put into the eye which has caused an artificial alteration of the pupil.) 
Moreover, we see whether the pupil is centrally placed and of a clear black. 

[The best way to measure the width of the pupil is with the Priestley Smith kera- 
tometer (Iig. 5), which, as its name implies, is also used to measure the cornea. For 
this may be substituted a + 3D lens, against which is held a millimetre scale. (The 
observer in this case should stand about a foot from the patient’s eye).—D.] 
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: 79. Finally we investigate the reaction of the pupil. In order to deter- 
mine the reaction to light, we have the patient look toward the window and 
make him cover one eye with his hand. We then cover with our own hand 
the eye that is being examined, and observe whether the pupil contracts 
when the hand is suddenly withdrawn. The patient is directed to fixate a 
distant object, since if he shifts his point of vision, the reaction for conver- 
gence might come into play too. This latter reaction must also be tested. 
This we do if we make the patient first look at a distance and then, holding 
an object (finger or pencil) close to his eyes, make him fixate that. [We 
must take care that the patient in making this quick change from distance 
to near does not shift his line of sight up, down, or sideways, nor do anything 
else that might change the conditions of illumination. We should also test 
the sensory reaction (§ 319). We do this by applying some sharp stimulus, 
e.g., by stroking the neck with a pin point, when, if the reaction is present, 
the pupil should dilate-—D.] 

The light reaction of the pupil becomes still more clearly visible if we 
perform the test in a dark room, where after first shading the eye we sud- 
denly concentrate the lamp-light with a strong convex lens upon the pupil, 
just as is done for focal illumination. [In doing this it is important that 
the patient look straight at the light, the eye not under examination being 
shaded. The observer standing to one side and watching the eye with 
a magnifying glass focuses the light right on the center of the cornea by 
another lens brought suddenly between the eye and the light (Uhthoff). 
If the faintest light reaction is present, the pupil will be seen to contract. 
On the other hand, there will be no reaction for accommodation or conver- 
gence, for the patient will have before his eye nothing but a blaze of light 
which by no possibility can form a clear image on his retina, so that he will 
make no attempt to focus it.—D.] 

The contraction of the pupil in the illuminated eye resulting from the 
incidence of light upon it is the direct reaction, the simultaneous contraction 
in the pupil of the other eye is the consensual reaction. If the direct reaction 
is insufficient, the insufficiency may be due either to deficient light percep- 
tion, or to changes in the iris or its nerves (adhesions, paralysis, etc.). 
Which of these is the case can be decided by means of the consensual reac- 
tion, provided the other eye is healthy. The consensual reaction is tested in 
two ways: (a) while alternately shading and illuminating the test eye we 
follow the movements of the pupil in its fellow. If the latter remains immo- 
bile this proves deficient light perception [or rather defective light conduc- 
tion] in the former. (b) We alternately shade and illuminate the pupil of 
the [reacting] fellow eye and look for a reaction of the pupil in the test eye. 
If such reaction is absent the absence must be attributed to changes in the 
iris of the test eye. 

6 
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[Sometimes, as in testing the hemiopic reaction {§ 546), it is necessary to illuminate 
only a portion of the retina of the examined eye. This is done with any apparatus that 
will throw a small concentrated pencil of rays. 

The contraction which takes place in the pupil when suddenly exposed to light is 
succeeded by dilatation, and this may occur so quickly that the primary contraction 
escapes us.—D.] 

80. Of the lens we see under ordinary circumstances only the small 
portion of the anterior surface which lies free in the pupil. If we wish to 
examine the lens more extensively, we dilate the pupil with homatropine [or 
cocaine] and use lateral illumination. As long as the lens is still transparent, 
the ophthalmoscope gives us the best conclusions in regard to its constitu- 
tion. Whether the lens is present in the eye at all or not can be determined 
by investigating the Purkinje-Sanson 
reflex images. If a candle is placed 
before the eye and somewhat to one 
side of it, two brilliant reflections are 
observed. One of these at once at- 
tracts our attention by its size and 
brilliancy; it is the corneal reflex 
that is, the erect image of the flame 
reflected from the anterior surface of 

Fia. 6.—PurxKinse-Sanson’s ReFLtex IMAGEs. the eornea (Fig. 6,a). It is this reflex 
The black circle represents the dilated pupil of A i ’ pan 

the eye that is being tested. The candle flame is which even from a distance is visible 
supposed to be to the right, the observer’s eye to x : : 
the left of the pupil. a, image formed by the ineveryeye,and gives to the latterits 
auterior surface of the cornea. 6, image formed ‘ eed as . 
by the anterior surface of the lens. c, image fireand luster. The second reflex is 
formed by the posterior surface of the lens. : ; 

quite as bright, but so small that we 
have to search for it in order to find it. Itrepresents the very small inverted 
image of the flame which is reflected from the posterior surface of the lens 
(posterior lenticular reflex, Fig. 6, c). It is distinguished by moving in the 
contrary sense to the source of light when the position of the latter is shifted; 


if the candle is depressed, the shining point rises, and vice versa, in opposi- 
tion to the corneal reflex, which moves in the same sense as the candle flame. 
It is this posterior lenticular image that is used in doubtful cases to demon- 
strate the presence of the lens in the eye. If the image is visible, the lens 
is present; if the image is not seen, either the lens is absent from its place 
or else is more or less opaque, so that a reflection can no longer be developed 
on its posterior surface. (Tig. 6 also shows a third reflex image, b, placed 
between the other two and originating from the anterior surface of the lens. 
The latter gives an erect image larger than the others, but so faint that it 
van be made out only with difficulty.) 

81. Finally, before proceeding to an examination with the ophthalmo- 
scope, the tension of the eye is to be tested. The eye is closed and palpation 
is made by means of the two index fingers, which are placed upon the upper 
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lid. The tension that is thus appreciated is not, indeed, identical with the 
intra-ocular pressure, but is proportional to it, and may hence be employed 
as an expression of it. In so dcing we must, however, take into considera- 
tion the fact that the sensation which the finger appreciates when it palpates 
the eyeball is not dependent simply on the tension of the tunics of the eye. 
What we appreciate is the depth of the impression which the finger makes 
on the eyeball and the force which we have applied in making it. But both 
_ depend not simply on the tension or the intra-ocular pressure, but also on 
the elasticity of the coats of the eye, and their flexibility or rigidity. Hence 
on account of the greater rigidity of the sclera, the eyes of old people feel 
harder than those of younger persons, even when the intra-ocular pressure 
is the same. 

Furthermore, individual variations occur both in the intra-ocular pres- 
sure and in the elasticity of the coats of the eye, so that very slight varia- 
tions from the usual tension cannot be denoted as surely pathological, 
except when we can make use of the second, normal eye of the same man 
for the purpose of comparison. Greater alterations in tension, however, 
make themselves evident at once. It has been agreed to denote the nor- 
mal tension by the expression Tn (T=tension or tonus). Of increased 
tension (hypertony) we distinguish three degrees: T+1, T+2, and T+3, 
which are arbitrarily selected, and indicate approximately: tension 
noticeably increased; greatly increased; hard as stone. Similarly, 
we employ for diminished tension (hyyotony) the designations T—1, 
T-—2, and T—3. 

The estimation of the tension by palpating the eye requires much prac- 
tice, and even then is an inexact method. It does not suffice to determine 
in a positive way very small variations from the normal; 
and as little can it disclose with certainty small varia- 
tions of tension which occur in the course of a case of 
disease, since one cannot designate in any precise way 
for later comparison the sensation which he receives in 
making palpation. Hence it is advisable to use a 
tonometer. Just as in the examination with the finger, 
the tonometer determines the tension by the fact that an 
impression is made on the eyeball; the force with which 
this is made is given by the weight used for the purpose; 
and the depth of the impression which is produced and 
which on account of its shallowness is better character- 
ized as a flattening, is measured. In Schiédtz’s tonometer a collar (Fig. 7, b) 
bears at its lower end a concave plate (c) which is fitted to the curvature of 
the cornea, and which, as the patient lies upon his back, is placed upon 
the cornea, the latter being previously made insensitive. (lor this purpose 
since cocaine diminishes the intra-ocular pressure somewhat, we use holo- 
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caine, which does not have this effect.) Through the collar and its foot- 
plate, which has a hole bored through its middle, passes the rod (a) which 
glides to and fro in them without friction. At its upper end the rod is loaded 
with a small weight (d), of which there are four different grades. When the 
instrument is placed perpendicularly upon the cornea the rod, owing to its 
weight, drops down upon the center of the cornea. If the rod cannot 
flatten the cornea its lower end is arrested at the level of the foot-plate, and 
a pointer which is connected with the upper end of the rod fails to show any 
vibration. The less’ tense the eye is, the more readily can the rod flatten 
the cornea and drops correspondingly far out of the collar, as is shown by 
the pointer. 

[In applying the tonometer it is important that the patient’s cornea should be 


directed straight up, that the plunger of the instrument should also be just vertical, 
and that its foot-plate should be concentric with the cornea (see Fig. 8). 


[Fia. 8.—AppuLicaTION oF THE ToNoMETER. (After Priestley Smith.) 


a, correct position; b, c, d, e, f, incorrect positions. c causes the most error; e and f cause the least.—D.] 


When several tests are made with the tonometer in rapid suecession, the later 
ones often show a lower value than the first. From this it is inferred that the repeated 
application of the instrument reduces the tension of the eye to below its usual amount. 
Too many tests, therefore, should not be made close together at one sitting and if the 
last of several readings is lower than the rest it should be rejected. 

The tension as found with the tonometer in normal eyes varies between 13 and 
27, and usually between 18 and 22, mm. of mercury. A tension above 25 is probably, 
and one above 380 quite certainly, pathological. : 

As stated above, the tension measured by the finger or tonometer does not precisely 
represent the intra-ocular pressure, being dependent partly on this, partly on the rigidity 
of the ocular envelopes. If the cornea is unduly rigid, the tension shown by the tono- 
meter will seem too high, even when the intra-ocular pressure is really normal. If, on 
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the other hand, as in keratoconus, the cornea is unduly yielding, the intra-ocular 
pressure may be abnormally high, and yet the tension shown by the tonometer 
may be normal or subnormal. In this case there is said to be a relative increase 
of tension (Strebel and Steiger). And even if the intra-ocular pressure itself is no 
higher than usual, it must be regarded as relatively too high, if, as in keratoconus 
and progressive myopia, the ocular envelopes are so yielding as to give way 
‘before it.—D.] 


EXAMINATION WITH THE OPHTHALMOSCOPE (OPHTHALMOSCOPY) 


82. The invention of the ophthalmoscope by Helmholtz in the year 
1851 was one of the most beneficent achievements in modern medicine. It 
has made the interior of the eye accessible to investigation; blood-vessels 
and nerves, which in the rest of the body are exposed only by surgical man- 
ipulation, here lie unveiled before us and permit us to study their minutest 
variations. In ophthalmology, the ophthalmoscope has produced a com- 
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Fie. 9.—PRINCIPLE OF HELMHOLTZ’S OPHTHALMOSCOPE. 


plete revolution, since it has thrown light into the dark region of what was 
formerly called black cataract, and has acquainted us with the manifold 
morbid processes which lie at the root of this dreaded malady. Many 
of these processes, if diagnosticated correctly and in time, wouid, at the pres- 
ent day, receive successful treatment. Furthermore, in general medi- 
cine the ophthalmoscope has become an indispensable aid to diagnosis, 
since many internal disorders produce characteristic changes in the fun- 
dus of the eye. 

Principle of the Ophthalmoscope.—In order to see the fundus of an 
eye, we must throw light by the aid of suitable apparatus through the pupil 
and upon the-fundus, and receive the light reflected from the latter into our 
own eye and unite the rays to form a sharp image. In the original ophthal- 
moscope of Helmholtz this end was obtained in the following way: Before 
the eye under investigation (A, Fig. 9) a glass plate, P P, is placed in an 
oblique position. A source of light, L, placed to one side of the eye, throws 
upon the glass plate rays, part of which are reflected at the surface of the 
plate and pass through the pupil into the eye, A. The rays reflected from 
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the fundus, a, arrive once more at the glass plate and are there in part 
reflected to the source of light, L, while another part goes through the glass 
plate and enters the observer’s eye, B, which unites the rays upon its retina 


Fra. 10A. Fra. 10B. 


[OPHTHALMOSCOPES. 


A.—Loring’s ophthalmoscope; front view. The perforated mirror in this case is cut into a quad- 
rangular shape, so that it can be rotated slightly from side to side (tilting mirror). This is to make the 
reflection of light less oblique in using the direct method. The lower disk contains a series of lenses 
which can be rotated by the pressure of the finger on the serrated edge of the disk, so that any desized 
lens series prougae in Lie of the sight-hole. Usually there is added a quadrant on the back contain 
ing additional lenses, which being superimposed over those in the revolvi lisk ores Sate 

\ ; f : ing disk make a great v: 
of combinations. . wisi ah Peek oa 
B. -Marple’s modification of Dennett’s electric ophthalmoscope 
C.—Morton’s ophthalmoscope; rear view, showing the chain of lenses and the mechanism by 


which each one in succession can be brought in front of the si i i : 
i C 8s » sight-hole in the disk e top whic 
Ladue Ree cuitnon cnn £ 1e disk at the top which con- 
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into a sharp image, b. In order to increase reflection at the surface of the 
plate and thereby illuminate the background of the eye more intensely, 
Helmholtz placed three such plates one behind the other. A later modifi- 
cation consisted in increasing the reflecting power of the glass plate by lining 
its posterior surface with a mirror coating, a round hole through the plate 
or at least through the mirror coating enabling the observer to see through 
it. Of this sort are the coated plane or weakly reflecting mirrors we use 
today; while we apply the term “‘strongly reflecting” to concave mirrors, 
which also are coated and are perforated through the center (first employed 
by Ruete). These, from the fact that they render convergent the rays 
springing from the source of light, throw. a still greater quantity of light 
through the pupil into the observed eye: A device is placed on the posterior 
surface of the mirror, which renders it possible to bring different sorts of 
lenses before the aperture. In this way it is possible to give the rays of light 
which fall into the observer’s eye any path that may be necessary in order 
to unite them into a sharp image upon the retina. 

[Instead of having a separate light as a source of illumination we may attach a 
minute electric lamp to the ophthalmoscope itself. These electric ophthalmoscopes (see 
Fig. 10, B) givea very clear view of details and frequently may be used where the ordinary 
ophthalmoscope is difficult to manage, e.g., when the pupil is small, or the patient is 
restless, or when the examination has to be made with the patient lying flat in bed. 

Demonstration ophthalmoscopes are also used, through which two or more observers 
can see the fundus simultaneously; also ophthalmoscopes specially designed for sketching 
the fundus.—D.] 

83. Method of Examination.—The examination is conducted ina dark- 
ened room. The patient sits opposite the physician, and has on the side of 
the eye to be investigated a lamp as a source of light. Then there are two 
different methods to be employed for seeing clearly the fundus of the eye. 
In order to make the explanation of them simpler, we first presuppose that 
both the patient and the physician have a normal refraction (emmetropia, 
see § 752). In the examination with the erect image (direct method), the 
physician places himself and his mirror directly in front of [and very close 
to] the eye that he is observing. [See Fig. 11.| If now he holds the mirror 
obliquely in such a manner that he throws the light of the lamp into the 
pupil of the observed eye, he will immediately get a clear view of the 
patient’s fundus. For (Fig. 13) a certain portion of the fundus of the eye, 
A, is illuminated by the mirror, S S. The rays reflected from any point, 
as a, of this illuminated region of the retina, leave the eye in a parallel’ 
direction, pass through the central aperture, 0 0;, of the mirror, and fall into 
the observe’’s eye, B. Here they are again united at a single point, 6, upon 
the retina of this eye, so that here there is produced a sharp image of the 
point a. Since the same process is repeated for all the other points of the 


} + [Parallel, because if the eye is emmetropic, Le., focuses parallel rays upon its retina, then, accord- 
ing to the principle of conjugate foci, rays emanating from the eye will also be parallel. Being parallel, 
such rays will also be focused sharply by the observer's eye, which is also emmetropic.—D.] 
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illuminated region of the retina of the eye, A, a sharp image of this portion 
of the retina is formed in the eye of the observer, 
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Fic. 13.—OpxTHaLmMoscoric EXAMINATION WITH THE ERECT IMAGE. 


The eyes are drawn of the natural size of an emmetropic eye having an axial length of 24 mm. 
The rays that are reflected from the mirror, S S, into the patient’s eye are not shown, but only the 
rays that emerge from the latter. 


{If not emmetropic, both patient and observer must be rendered so, if the fundus 
is to be clearly seen by the direct method. 

This is usually effected by rotating the system of lenses behind the mirror of the 
ophthalmoscope until the proper correction is secured. A still better way, particularly when 
either patient or observer is quite astigmatic, is for each to wear his correcting glasses 
during the examination. Then the fundus is seen with great distinctness either with the 
simple aperture or, if either patient or observer accommodates, with a weak concave lens. 

As stated below, the direct method may be used not only for examining the fundus 
at its normal level, but also for examining elevations or depressions in it (§ 100) and 
objects (opacities in the vitreous or lens) far in front of it (page 93). In this case we must 
interpose behind the mirror a suitable lens, convex or concave, as the case may be.—D.] 


84. The examination with the inverted image, or by means of the 
indirect method (Ruete), is conducted with the aid of a strong convex lens 


Fic. 14.—OpHTHALMoscoPpic EXAMINATION WITH THE INVERTED IMAGE. 
i i > 8 2 i yhich 
i i i s accomplished by means of the source of light, L, from w 
The illumination of the fundus i p ad cad remsier ts 


S, and from this is thrown into the eye, 


rs 3 » mirror, S L ; 
es pave, A.fabe spon tbe mnre hown, but only those which pass out of the eye, A, again. 


confuse the representation, these rays are not 8 


of about six em. focus. This lens, lJ (Fig. 14), is held at a distance of about 
six [seven] cm. from the eye (A) under examination. [See Fig. 12.]| The 
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fundus of this eye is now illuminated by means of the mirror S S. The rays 
reflected from the illuminated region, a, of the retina pass out in a parallel 
direction, fall upon the lens and are united at the focus, f, of the latter. 
Thus there is formed at this spot an image of the point a. In like manner 
images from the other points of the illuminated region of the retina are pro- 
duced in the focal plane of the lens, so that there is formed here an inverted 
image of this portion of the fundus. The observer’s eye, B, now through 
the aperture, 0, of the mirror examines this image at the ordinary reading 
distance (about thirty cm.), for which purpose the observer, unless he is 
myopic, must use a certain accommodative effort or else a corresponding 
convex glass [which he does by revolving the ophthalmoscope disk until a 
2 or 3 D convex glass stands before the aperture]. 

85. Each of these two methods has its advantages. The erect image is 
highly magnified—about fourteen times—as opposed to the inverted image 
which is magnified but little (about four times). The direct method is 
therefore particularly adapted for the recognition of the finer details. The 
indirect method, on the other hand, affords a larger field of view, and there- 
fore gives a better general prospect. The indirect method gives a more 
luminous image, and hence, when the refracting media are turbid, will still 
render the fundus visible when it is no longer to be seen in the direct image; 
and in myopia of high degree the indirect method is the only one practi- 
cable. In most cases, both methods are applicable, and then it is advis- 
able to conduct the examination with the aid of both. 


(The amount of magnification produced with the indirect method depends on the 
strength of the condensing lens that is used. If we employ a lens of two inches focal 
distance the details of the fundus appear magnified only two or three times. To com- 
pensate for this we get a very wide general view of the fundus. If we use a lens of three 
or four inches focal distance we get a much higher magnification—indeed one that 
approximates to that with the direct method. In all cases the lens ought to be held 
so that its focus is about half an inch in front of the eye; that is, a four inch lens should 
be held four and one-half inches from the eye, ete. If the lens is so held, the distortion 
of the details produced by astigmatism is reduced to the minimum. The corneal reflex, 
which, the beginner finds, interferes a good deal with his view of the fundus, can be 
got out of the way by a slight tilting of the lens, if he is using the indirect method, or 
a slight tilting of the ophthalmoscope itself when he is making a direct examination. 

In the “reflexless’”’ ophthalmoscopes of Thorner, Gullstrand, Wolff, and others, 
the elimination of the reflex is accomplished by making the light enter at one part of 
the pupil and emerge at the other. 

In ophthalmosecopy, especially by the direct method, it is advantageous to keep 
making slight tilting movements of the mirror, so as to play the light a little this way 
and that over the fundus, the details and relief of which are thus better shown. More- 
over, as Nagel first pointed out, details are often seen best if we so manage the light 
that the point to be examined lies at the edge instead of the center of the illuminated 
area in the fundus (‘‘excentric illumination” of Burdon Cooper).—D.] 

Luminosity of the Pupil.—Under ordinary circumstances the pupil appears 
black. This was formerly ascribed to the absorption by the dark background of the 
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eye of all the light entering the pupil from the outside. In reality, however, the cause 
of this phenomenon is as follows: If (Fig. 15) light from a source of light, L, enters 
the eye, A, and the latter is accurately focused for the source of light, the rays coming 
from L are united to form a sharp image upon the retina at 1. L and I are called conju- 
gate foci. For these the law holds good that they can be substituted for each other— 
that is, if the rays should start from the posterior focus, 1, they would come together 
again at the anterior focus, L. Accordingly, the rays reflected from the illuminated 
portion of the retina, /, are returned to the source of light, L, and could be seen by an 


A 
L 
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Fie. 15.—PatTH oF THE Rays WHEN THE Eyer 1s Focusep FOR THE SouRcE or LiGur. 


observer only in case the latter was in identically the same spot as the source of light. 
- The solution of this problem is another of the discoveries that we owe to the genius 
of Helmholtz. 

The conditions are different when the eye is not focused for the source of light 
before it. Suppose, for example, that the eye is hypermetropic (Fig. 16). Then the 
rays springing from the illuminated portion of the retina, J, leave the eye as a divergent 
beam, so that only a part of the rays are returned to the source of light, L, while another 
part passes to the side of the latter and can be seen by an observer stationed near it. 
Hence comes the striking luminosity of the pupil in so-called amaurotic cat’s eye (see 
§ 535), in which a markedly hypermetropic condition of the refraction is produced by 
the pushing forward of the retina. In like manner, luminosity is frequently apparent 
in eyes which are deprived of their lens by the operation for catarect and are therefore 


val 


Fic. 16.—ExPLANATION OF LUMINOSITY OF THE EYE. 


The source of light, L, throws the conical beam of rays, k, into the eye. The further course of 
these rays is not shown in the figure, but only that of the rays reflected from the retina at l. 


strongly hypermetropic. The enlargement of the pupil, which is at the same time 
present, and which is due to the iridectomy, renders it still easier to observe the lumi- 
nosity. The luminosity of the eyes of many beasts, especially the carnivora, is also 
in part to be ascribed to the hypermetropic character of their refraction, although here 
the presence of a strongly reflecting layer (the so-called tapetum) in the chorioid of 
these eyes contributes to this result. 

The luminosity of the pupils of albinos’ eyes is to be explained in a different way. 
In such eyes the light passes not only through the pupil, but also through the unpig- 
mented iris, and even through the sclera. Accordingly, in these eyes, not simply a 
limited district of the retina, but the whole fundus, is flooded with diffused light; and 
therefore rays from the different portions of the fundus pass out of the pupil in every 
direction and can very readily be caught up by the observer’s eye. That this explana- 
tion is the correct one is proved by the fact that the pupil of an albino’s eye looks black 
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as soon as we hold before the eye an opaque screen having an aperture that corresponds 
in size to the pupil. This shuts off from the eye any light which might enter it through 
other media than the pupil, and in this respect makes the eye of an albino like that of 
a normal person. 

86. Application of the Ophthalmoscope.—In the ophthalmoscopic 
examination of the eye we invariably proceed by first carefully investi- 
gating the eye by means of lateral illumination, next testing the trans- 
parency of the refracting media with the ophthalmoscope, and not going 
on to the examination of the fundus itself until last of all. This last exam- 
ination is best made first with the inverted, afterward with the erect image; 
and in examining the latter the refraction can be determined at the same 
time. If the pupil is narrow, the tyro will do well to dilate it with [cocaine, 
euphthalmine, or !2-per-cent] homatropine. Before doing so he must make 
sure that there is no reason to suspect glaucoma, in which case artificial’ 
dilatation of the pupil might have dangerous results, and therefore must 
not be employed. 

(To be on the safe side it is well to instil pilocarpine or, in suspicious cases, 
14-per-cent eserine after the examination, in order to contract the pupil again. 

The ophthalmoscope is also used to examine the angle of the anterior chamber 
(see page 80).—D.] 

87. For testing the transparency of the refracting media light is thrown 
by the ophthalmoscope, held at the ordinary reading distance, into the 
eye under examination. If the refracting media are perfectly clear, the 


(i). 


Fig. 17.—VisisILiry oF OPACITIES IN THE MepiIA BY MEANS OF THE OPHTHALMOSCOPR. 


pupil shines with a uniform red luster. If there are places in the refracting 
media that are opaque, such stand out upon the red background of the 
illuminated pupil as dark points or spots. For example, the rays which 
correspond to the opaque spot ¢ (Fig. 17) are cut off on their return from 
the fundus, a, so that this spot is not illuminated and hence looks black. 
This is the case even when the opacities are actually, as seen by light 
thrown directly upon them, light colored—that is, white or gray. So 
also even a piece of chalk looks black if it is held in front of a flame. 


When pronounced opacities are present, we make use of the concave mirror; slight 
opacities, on the other hand, are discovered only by means of the weakly reflective or 
plane mirror; and in this case it is often also necessary to dilate the pupil with homa- 
tropine. If the observer is emmetropic, and still more if he is hypermetropic, he ought 
to place a convex glass behind his mirror, so as to be able to get near enough to the eye 
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that he is examining. (The combination of a plane mirror with a convex glass is called 
a lenticular mirror.) A myopic observer will not need such a glass. 

[The above method of examining opacities, in which the observer, using a weak con- 
vex glass, stands eight or ten inches from the patient, and views the opacities as shadows 
on a red ground, is called direct (as distinguished from oblique) illumination. We may 
also examine the opacities by the direct method. In this case we place our eye within an 
inch or so of the patient’s and put on the convex glass that will bring the opacity sharply 
into focus. For opacities in the vitreous a convex glass of 3 to 18 D, for opacities in the 
lens and anterior chamber (especially deposits on the posterior surface of the cornea) 
one of 15 to 20 D will be required, the strength of glass depending a good deal on the 
distance of the observer from the patient.—D.] 

In examining, we must not neglect to make the eye move in different directions, in 
order, on the one hand, to obtain a view of laterally placed opacities, and, on the other hand, 
to stir up in this way opacities which have sunk to the bottom of the vitreous humor. 
Smaller opacities look black; larger opacities appear gray, bluish-white, or even all white, 
since the light reflected from their surface is strong enough to shine out upon the vivid 
red background of the illuminated pupil. In order to recognize the site of the opacity, 
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Fic. 18.—Dracnosis oF THD SITH OF AN OPACITY FROM PARALLACTIC DISPLACEMENT. 


we decide, in the first place, whether the latter is movable or fixed. In the former case 
it can be situated only in the vitreous; in the latter case—that is, if the opacity moves 
only with the eye, and not spontaneously—it is probably situated in the cornea or in the 
lens; but it may still be in the vitreous, since here too fixed opacities are sometimes 
observed. In many cases this can be decided by employing oblique illumination. If we 
can obtain no result in this way, we then, in order to determine the site of the opacity, 
make use of the parallactic displacement of the latter with reference to the margin of the 
pupil. This is accomplished in the following way: In the eye, A (Fig. 18), suppose four 
opaque points to be present, which lie at different depths—namely, in the cornea (@); 
upon the anterior capsule of the lens (2), at the posterior pole of the lens (3), and in the 
anterior part of the vitreous (4). For simplicity’s sake we assume that they are all 
disposed in the optical axis of the eye. Then, if the observer, B, looks into the eye from 
directly in front, he will see each one of these points precisely in the center of the pupil, 
P. Suppose, now, that the observer’s eye passes from B to By. The position of the points 
with relation to the pupil will be changed at once. Point 1 approximates to the upper 
border of the pupil Pi; point 2, which is situated in the pupil itself, keeps its place 
unchanged; points 3 and 4 have approached the lower border of the pupil, and 4, on 
account of its greater depth in the eye, more so than 3. From this example the following 
rule for the determination of the site of an opacity can be deduced: We look into the eye 
from directly in front and note the position of the opacity in the pupil. Then, while 
the patient holds his eye fixed, we move slowly to one side and observe whether the 
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opacity remains in the same spot or not. In the former case, the opacity lies in the 
pupillary plane (upon or directly beneath the anterior capsule of the lens); in the latter 
case, in front of or behind this plane—in front of it, if the opacity shifts its place with 
a movement opposed to that of the investigating eye; behind it, if the opacity moves 
in the same sense as the eye. The more quickly this change of place occurs, the farther 
“removed is the opacity from the pupillary plane. (Evidently we can also proceed by 
keeping our own eye still and telling the patient to move his. This way of examining has 
the disadvantage that, if the movement of the observed eye is rather extensive, a minute 
opacity, whose position has been marked, may disappear out of sight and then frequently 
is found again only with difficulty.) 
[Another way of determining thesite of an opacity is by its relation to the corneal reflex. 
We use the direct illumination; that is, we stand about a foot or so infront of the patient, 
and throw light directly into hiseye. If hiseye is directed straight at ours, we will see the 
bright corneal reflex about in the center of his pupil. If now he moves the eye in any 
direction, the reflex leaves the center of the pupil and approaches the margin of the cornea. 
At the same time we notice how any opacities that may be situated in the area of the 
pupil seem to move. An opacity, which appears close to the corneal reflex when in the 
center of the pupil and keeps close to the reflex in all its movements, must be situated at 


[Frc. 19.—WuURpDEMANN’s TRANSILLUMINATOR OR D1rapHaNoscoPr.—D.]} 


or near the posterior pole of the lens. Such an opacity, for example, is produced by a pos- 
terior polar or posterior cortical cataract. On the other hand, the more remote an opacity 
is from the posterior pole of the lens, whether in front of it or behind, the further and more 
quickly will it appear to separate from the corneal reflex when the eye is moved.—D.] 

Dark, ill-defined shadows on the red background of the pupil, which change their 
position suddenly on moving the mirror, are to be referred to irregularities of the refract- 
ing surfaces (most frequently to faceting of the cornea); the irregular astigmatism, so 
caused, further betrays itself by the fact that the image of the fundus appears irregu- 
larly distorted. 

(The presence in the eye of a large-sized solid mass, especially a tumor, can be shown 
by transillumination or diaphanoscopy. This can be used even when the lens is opaque, 
so that the ophthalmoscope is not available. Special instruments for transillumination 
of the eye are those of Leber, Sachs, and Wiirdemann (see Fig. 19) and the ophthalmo- 
diaphanoscope of Hertzell. In case of emergency these instruments may be replaced by 
a small narrow-tipped flash light. If these are applied to the sclera a red glow is seen in 
the pupil. If the light is interrupted in any place by a solid mass, the red glow is replaced 
by a more or less dense shadow, when the tip of the transilluminator is placed against 
the corresponding portion of the sclera. This test may fail with deeply pigmented eyes 
(e.g., those of negroes), since these even when otherwise normal may show no red reflex 
by transillumination (Griscom).—D.} ; 


88. In making a systematic examination of the fundus we begin at 
the papilla [or disk]. In order to bring the latter into view we make the 
patient look, not straight in front of him, but a little inward (toward his 
nose). Tor the entrance of the optic nerve does not lie at the posterior 
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pole of the eye, but on the nasal side of it, and hence is brought directly 
_ opposite the observer only after a corresponding rotation of the eye 
inward. It then comes into view as a bright disk, whose color is a 
light grayish or yellowish red, contrasting strongly with the red of the 


rest of the fundus. The shape of the papilla is circular or oval ; in the’ 


latter case generally an erect oval (Fig. 20). Its size apparently varies 
quite a good deal, which, however, is due to the varying degree of enlarge- 
ment under which the papilla isseen. The true size of the papilla, measured 
in enucleated eyes, is, as a matter of fact, almost always the same—that 
is, about 1.5 mm. in diameter. On account of this constancy we use the 
papilla for taking measurements in the fundus; we say, for example, that 
a diseased area is 2 papilla-breadths in diameter. 


nasal 


Ou 
Fic. 20.—NorMat Founpus or THE Lerr Ey, SEEN IN THE Erect IMaAcE. 


The optic disk, which is somewhat oval longitudinally, has the point of entrance of the central 
vessels somewhat to the inner side of its center. That pertion of the papilla lying to the inner side of 
the point of entrance of the vessels is of darker hue than the outer portion; the latter shows, directly 
to the outside of the vascular entrance, a spot of lighter color, the physiological excavation, with fine 
grayish stippling, representing the lacune of the lamina cribrosa. The papilla is surrounded, first by a 
Be-calored ring, the scleral ring, and externally to this by an irregular black stripe, the chorioidal 
ring, which is especially well marked on the temporal side. The central artery and vein divide imme- 
diately after their entrance into the eye into an ascending and descending branch. These branches, 
while still on the papilla, split into a number of arteries which in the upper half run mainly upwards 
and outwards (superior temporal artery and vein) and upwards and inwards (superior nasal artery 
and vein), and in the lower half run downwards and outwards (inferior temporal artery and vein) and 
downwards and inwards (inferior nasal artery and vein). ‘Moreover, fine twigs (the macular vessels) 
run from the papilla over the temporal border of the latter directly to the macula lutea, while other 
twigs from the upper and lower temporal vessels push toward the macula lutea, which itself is devoid 
of vessels and is distinguished by its darker color. In its center a bright punctate reflex, f, is visible. 


89. Circwmscribing the papilla, we very often (especially in making 
the examination with the erect image) recognize two rings distinct in 
color. The inner ring, lying next the border of the papilla, is white (in 
Fig. 20 it runs all the way round the papilla, in Fig. 21 it appears only on 
the temporal side), and is called the scleral (or connective-tissue) ring, 
because it corresponds to the scleral bundles which jut in between the 


4[This corresponds to an arc of 7.5° in the fundus. The blind spot (7112) which is the visual 
eorrelative of the optic disk naturally subtends the same angle on the perimeter.—D.] 
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margin of the chorioid and the head of the optic nerve (Fig. 24). At the 
margin of the aperture in the chorioid that gives passage to the optic nerve, 
the chorioid is often marked by a larger accumulation of pigment by which 
the second, exterior, ring is formed. This is apparent as a black, narrow, 
sometimes complete, sometimes incomplete, ring, which is called the chori- 
oidal ring or pigment ring (Fig.21; in Fig. 20 it is especially visible at the outer 
border of the papilla). The demarcation of the outline of the papilla, pro- 
duced in this way, is generally much less sharp on the nasal than on the tem- 
poral side; for at the nasal side a greaternumber of nerve fibers pass over the 
margin of the papilla (Fig. 24) and thus obscure it. For the same reason the 
inner half of the papilla looks redder, the outer half paler, because the layer 
of nerve fibers in the latter situa- 
; . tion being thinner, allows the lam- 
AL. Zz inacribrosa toshow through more. 


_ Crescent or Conus.—The gap in 
the sclera and that in the chorioid, 
through which the optic nerve passes, 
together form a short canal, the sclero- 
chorioidal canal. The shape of this 
— canal is by no means always exactly as 
Fig. 24 represents it, but it varies pretty 
considerably even in normal eyes, and 
to this are due the different pictures 
which the circumference of the papilla 
is accustomed to exhibit. The canal, as 
shown in Figs. 23 and 27, may keep 


Fie, 21.—OpxHTHALMOscoric PICTURE OF THE 
Optic NERVE. 


Somewhat to the nasal side of the center of the 


papilla emerges the central vein and to the nasal side 
of this again emerges the central artery. The main 
trunk of these vessels is itself not visible, since each 
divides at once into two main branches which run 
respectively upward and downward. The center of 
the papilla bordering the temporal side of the cen- 
tral vessels is rather lighter colored and somewhat 
depressed (the vascular funnel). On the temporal 
border of the papilla can be seen the white scleral 


narrowing all the way in its course 
toward the interior of the eye. But it 
may also happen that only one wall of 
the canal shows an oblique course point- 


‘ing toward the axis of the optic nerve, 


while the other wall runs straight for- 


ring. The papilla is surrounded by the black cho- . 
rioidal ring. ward or is actually turned away from 
the optic nerve. In the latter case, 
which is represented in Fig. the head of the optie nerve appears to be displaced 


bodily to one side within the sclero-chorioidal canal. 


22, 
This state of things occurs most 
frequently in near-sighted eyes (see §§ 413 and 771); but, since it is often enough also 
found in emmetropic and even in hypermetropic eyes and furthermore is visible with 
the ophthalmoscope, it must be considered here. If we should look at the optic nerve 
represented in Fig. 22, with the ophthalmoscope, we should on the temporal side look 
right into the scleral canal, because the tissue of the optic nerve-head itself is trans- 
parent. Then the temporal wall of the scleral canal would be visible in perspective fore- 
shortening from 6 to the edge of the chorioid c, i.e., from the point where the canal begins 
to dilate (about corresponding to the place where the fibers of the lamina cribrosa are 
given off). With slight degrees of displacement the appearance is that of a rather broad 
scleral ring, but when the displacement is greater it is like a white crescent adjoining the 
margin of the papilla. Such a scleral crescent, which is also called a conus Aegan), is most 
frequently met with at the temporal border of the nerve. 
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A light crescent at the border of the papilla may also be produced in another way 
In the case represented in Fig. 23, the sclero-chorioidal canal is narrowest anteriorly ae 
that we could not see into it with the ophthalmoscope. But on the temporal side the 
pigment epithelium ceases at some distance from the margin of the opening of the optie 
nerve (at d). Over the area bd where this occurs, theechorioid, which is also itself some- 
what rarefied, is exposed, and hence this spot appears as a light colored crescent adjoin- 
ing the optic nerve. This chorioidal crescent or conus is distinguished from the scleral 
crescent, described above, by the fact that it is not pure white, like the latter, but shows 
remains of chorioidal vessels and pigment. 


nas, 


Fic. 22.—LoneitupINnal SecTION THROUGH THE HAD oF THE Optic NERVE IN A CASE OF SCLERAL 
CRESCENT AT THE TreMPORAL Sipe ToGBTHER WITH THE CORRESPONDING OPHTHALMOSCOPIC 
Picture. Magnified 20 X1. 

In the section which has been stained by Weigert’s method the nerve fibers of the trunk of the 
optie nerve being medullated have taken on a dark color. They become light colored at the spot 
where they lose their medulla, that is, at the level of the lamina cribrosa, which crosses the optic nerve 
in a slightly curved arch having its concavity forward. As far forward as the lamina the trunk of the 
optic nerve undergoes a uniformly conical narrowing. On the nasal side this narrowing is continued 
forward and even more markedly since here the wall of the svlero-chorioidal canal juts in more than 
ever toward the axis of the ne:ve. But by the same amount that this wall juts in toward the nerve 
is the temporal wall of the sclero-chorioidal canal separated from the nerve, so that the anterior bor- 
der of the scleral opening lies at c, and the wall of the scleral canal becomes visible with the ophthal- 
moscope as a white crescent in the space bc. The margin of the lamina vitrea and of the pigment 
epithelium lies still further toward the temporal side, at d, and up to this point the fibers of ‘his optic 
nerve are drawn over to the temporal side to form a pointed process. Between'c and d the outer layers 
only of the chorioid are present, and these appear with the ophthalmoscope under the form of a spotted 
(chorioidal) crescent. On the temporal side the outer layers of the retina come to a stop sooner than 
do the inner ones, while on the nasal side of the nerve-head the reverse obtains. The nerve-head 
shows a shallow depression (physiological excavation, /). S, sclera, the inner layers of which extend 
up to the optic nerve while the outer ones even some distance down are ceflected backwards into the 


dural sheath, D. 

These two kinds of crescents are frequently found combined, as in the case shown 
in Fig. 22. For here the posterior layers of the chorioid extend pretty close to the optic 
nerve, in fact as far as c, while the lamina vitrea together with the pigment epithelium 
has receded to a greater distance from the nerve, d, at which spot also the fibers of the 
optic nerve are drawn out into a point through a gap in the border of the lamina vitrea. 
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Consequently, the posterior lamella of the chorioid are exposed from c, the anterior 
border of the scleral canal, to d, the anterior border of the chorioidal canal. The resulting 
appearance in the ophthalmoscopic picture is as follows: Close to the papilla is a pure 
white crescent (bc), and adjoining this is a narrower crescent (cd) whichis lighter colored 
than the rest of the fundus, and presents some chorioidal vessels as well as a little pigment. 

For colobomata of the optic nerve, see § 435. 

Pseudoneuritis.—Not infrequently there are papilla which are dark grayish red, and 
which, especially on the nasa! side, have a very indistinct margin. Sometimes there is a 
cloudy gray areola about the papilla or a gray radial striation emanating from it which 
obscures the borders of the papilla; there may even be a slight protrusion of the papilla. 


nas. 
temp 


Fie, 23.—LonaIrupINAL Section THROUGH THE Heap oF THE Optic NERVE IN A Case OF CHoRIOI- 
DAL CRESCENT ON THE TEMPORAL SIDE TOGETHER WITH THE CORRESPONDING OPHTHA LMOSCOPIC 
Picture. Magnified 20 X1. ; 

Here the medallary coating of the nerve fibers disappears further back in the central than it does 
in the peripheral bundles. In its course from behind forward the scleral canal shows first a dilatation 
then again a contraction which becomes still more marked in the chorioidal canal. At the temporal 
side the pigment epithelium comes to an end at d, some distance from the edge of the chorioidal open- 
ing. At d the layer of rods and cones of the retina also ends. The space from d to b, the border of 
the selero-chorioidal canal, appears with the ophthalmoscope under the form of a crescent, in which is 
recognizable the structure of the chorioidal stroma. There is a shallow physiological excavation, EF. 
Such papille are sometimes found in perfectly normal eyes, but more frequently in eyes 
affected with marked hypermetropia, astigmatism, or congenital amblyopia. They are 
often found in conjunction with irregularity in the shape of the papilla, an abnormal 
division of the vessels, or a crescent at the lower border of the papilla, from which it fol- 
lows that they are to be regarded as an abnormal formation of congenital origin. Since 
such cases are usually regarded by beginners as instances of neuritis, they have received 
the name of pseudoneuritis. [Still more likely to cause confusion with neuritis are the rare 
eases in which either from congenital or acquired anomalies there is excessive tortuosity 
of the retinal arteries and veins (see § 515).—D.] Another diagnostic mistake that is 
frequently made is to diagnosticate neuritis when the papilla, owing to the presence of 


astigmatism, appears hazy in the erect image. 
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90. The optic disk under normal conditions lies in the plane of the retina, 
and does not, therefore, form a projection upon it as the name papilla would 
lead one tosuppose. On the contrary, it very frequently contains in its center 
a depression, which is produced by the fibers of the optic nerve separating 
from each other comparatively early and thus leaving a funnel-shaped space 
between them (vascular funnel, Figs. 21 and 24). The central vessels ascend 
on the inner wall of the funnel. The color of the vascular funnel seems white 
to us because we see the white lamina cribrosa at its bottom. Often, instead 
of a small funnel-shaped depression, a large excavation (physiological exca- 
vation, Fig. 22, #) is present. This is situated in the outer half of the papilla, 
to whose external border it often reaches. The blood-vessels come out upon 
the inner border of the excavation (Fig. 20), and at the bottom of the latter 
are seen grayish dots, the lacune of the lamina cribrosa. With the brilliant 
white of the excavated exterior half of the papilla the grayish-red hue of the 
unexcavated interior half is in vivid contrast. Sometimes the physiological 
excavation is so large that it takes in the larger part of the papilla, but, in 
contrast with the pathological excavation, it never takes in the whole. 
There is always a part (though it may be a small part) of the papilla that 
is unexcavated, this being, as a rule, on thenasal side, while on the temporal 
side the excavation does often extend to the border of the papilla, though 
it never has a sheer wall there like the pressure excavation (cf. § 489). 

91. Vessels of Fundus.—The central vessels of the optic nerve divide 
at the head of the nerve into a number of larger and smaller branches, which 
pass over its edge into the retina, where they keep on branching in an arbor- 
escent fashion. They can readily be distinguished into arteries and veins. 
The former are of a brighter red, narrower, and run a straighter course 
(Fig. 20,aa); the latter are darker, of greater caliber, and more crooked (vv). 
The arrangement of the vessels in the retina is not always the same; most 
frequently it happens that two main branches ren upward and two down- 
ward, while only small and short twigs pass to the outer and inner sides of 
the disk (Fig. 20). The region of the macula luteais devoid of larger vessels; 
the larger trunks, running to the outside above and below, encircle it and send 
finer branches in toward it. [See Fig. 246.] 

In the larger vessels we notice a shining white streak running along 
the center of the vessels. This streak, which is more distinctly visible in 
the arteries than in the veins, is called the reflex streak (Jager). 

92. A pulsation is frequently observed in the vessels at the spot where: 
they first come to view upon the papilla. The way in which this displays 
itself is that that portion of the vessel which lies closest to the point where 
the vessels come out becomes alternately empty, so as to disappear from 
view entirely, and then full again. This is not, therefore, an instance of 
the ordinary pulse, in which there are simply variations in caliber, but a 
completely intermittent inflow of blood (in the case of the arteries) or an 
intermittent outflow (in the case of veins). 
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A venous pulse is a physiological occurrence: in the same eye it is 
sometimes present, sometimes absent. In the latter case, slight pressure 
upon the eye with the finger suffices to produce it. 

An arterial pulse is present under pathological conditionsonly. In order 
to produce it artificially in a healthy eye, no inconsiderable pressure must be 
exerted upon the eyeball. When this is done, the person under examination 
notices a simultaneous obscuration of the field of vision, amounting finally to 
completeabrogation of sight, as a result of theobstruction tothe retinal circu- 
lation produced by the pressure. In like manner a rise in pressure produced 
by pathological conditions (glaucoma) causes an arterial pulsation. The ex- 
planation of this is as follows: As a result of the increased pressure in the in- 
terior of the eye, the blood is able to enter the vessels of the retina only dur- 
ing the systole of the heart; during the diastole, when the pressure in the 
arteries falls somewhat, the pressure in the central artery of the optic nerve 
is no higher than the pressure in the interior of the eye, and hence the blood- 
wave cannot make its way into the latter. Such a disproportion between the 
intra-ocular pressure and the pressure of the blood in the central artery may 
also, of course, be produced by the fact that while the former remains nor- 
mal, the latter is diminished. Accordingly, an arterial pulsation is observed 
in general anemia and when syncope is imminent; also in local compression 
of the central artery within the optic nerve (e.g., in optic neuritis). 

A true arterial pulse (i.e., one not due to a completely intermittent 


EXPLANATION oF Fic. 24.—LoNGITUDINAL Section THROUGH THE HAD OF THE Optic NERVE 
As SHOwN IN Fria. 21. Magnified 60 X1. 

In its passage through the sclero-chorioidal canal, the optic nerve shows an irregular conical con- 
striction. The fibers of the optic nerve are gathered into bundles separated by septa, s. The continu- 
ation of the septa can be followed as far as the head of the optic nerve under the form of rows of nuclei 
belonging to the cells of the neuroglia. The axis of the optic nerve is occupied by the central vein, pr, 
and the central artery, a, which lies to the nasal side of the vein. The optic nerve is crossed at right 
angles by the lamina cribrosa, which separates the trunk from the head of the nerve. The fibers of 
the lamina cribrosa arise from the wall of the scleral canal, pass through the optic nerve, curving 
slightly backward as they do so, and are inserted into the connective tissue that accompanies the cen- 
tral vessels. About at the level of the inner layers of the chorioid, the nerve fibers separate like a sheaf 
so as to form a funnel-shaped depression (the vascular funnel, G). More fibers go to the nasal side of 
the papilla than to the temporal, for which reason, the nasal side is higher. The fibers of the optic 
nerve pass over into the fiber layer of the retina (1), sueceeding which toward the outside are the other 
layers of the retina, namely, the layer of ganglion cells (2), the inner granular or plexiform layer 
(3), the layer of inner granules or bipolar cells (4), the outer granular or plexiform layer (5), the layer 
of outer granules or bodies of the visual cells (6), the limitans externa (7), and the laver of rods and 
cones (8). The layers of the retina stop short at the head of the optic nerve, the outermost layer (8) 
extending the farthest. The innermost fibers of the sclera which form the wall of the scleral canal, 
accompany the optic nerve, backwards, under the form of the pial sheath, P, which is intimately 
attached to the nerve. The outer layers of the sclera are reflected backward at a greater distance from 
the nerve head and from the dural sheath, D, which envelops the nerve loosely. Between these two 
sheaths, lies a third, the thin arachnoid sheath A, which divides the intervaginal space of the optic 
nerve into the subdural space, sd, and the subarachnoid space, sa. Both spaces have a blind ending in 
the substance of the sclera. b is the oblique section of one of the numerous subarachnoid trabeculs 
which connect the arachnoid with the pial sheath. In the wall of the scleral canal can be seen the 
cross section of some blood-vessels which belong to the circle of scleral vessels of Zinn (see 2315). 
Between the sclera, S, and the retina, R, lies the chorioid, Ch. The innermost layer of the latter, the 
lamina vitrea, 70, extends ftirther than the other layers in the direction of the optie nerve-head, the 
fibers of which are constricted by the margin of the lamina vitrea. Upon the lamina vitrea lies the 
pigment epithelium, 9, which belongs to the retina and which at the nasal side reaches as far as the 
lamina vitrea, but on the temporal side stops somewhat short of it. On both nasal and temporal sides 
the pigment epithelium gets to be thicker and more strongly pigmented at its margin, and this thick- 
ening and pigmentation correspond to the pigment ring which can be seen with the ophthalmoscope. 
The next layers of the chorioid, the chorio-capillaris, 17, and the layer of medium size and large vessels, 
12, do not extend on the temporal side quite up to the optic nerve, a layer of connective tissue which 
represents a continuation of the sclera being interposed between the two. In surface view this layer 
is visible with the ophthalmoscope, under the form of a white ring, the scleral ring. In this case it 
appears, with the ophthalmoscope, somewhat broader than it really is, because the layer of connective 
tissue which corresponds to it does not run forward in a precisely sagittal direction, but turns somewhat 
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to the temporal side. Hence we see besides the front surface of the connective tissue ring its inner 
wall in perspective foreshortening lying close to the nerve-head (this because the substance of the nerve- 
head itself is transparent). On the nasal side the optic nerve keeps on contracting conically even within 
the chorioidal canal, because the inner layers of the choroid come up closer to the optic nerve than do 
the outer. The connective-tissue ring which is interposed between optic nerve and chorioid, is narrow 
here, does not extend forward, and is covered by the pigmented chorioid and the pigment epithelium, 
for which reason no scleral ring can be seen with the ophthalmoscope on the nasal side. 
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inflow, but to a translation of the variations of the pulse into the retinal 
vessels) occurs as one of the symptoms of an abnormally extensive diffusion 
of the pulse-wave all through the body, e.g., in insufficiency of the aortic 
' valves or in Basedow’s disease. 

Donders gives the following explanation of the venous pulse: At each systole of the 
heart an additional quantity of blood is driven into the arteries of the interior of the eye, 
and the blood pressure in these arteries is consequently heightened. This increase in the 
arterial tension reacts at once upon the general intra-ocular tension, heightening the lat- 
ter, so that it acts more vigorously upon the retinal veins and compresses them. It does 
this most at the spot where the blood pressure in the veins is lowest, which is at their 
point of emergence upon the papilla, since the blood pressure in the veins diminishes in 
proportion as we approach the heart and get farther away from the capillaries. The veins 
‘consequently are constricted at the spot where they dip down into the vascular funnel, 
while the portion of the veins directly adjacent swells up, because the blood is dammed 
up in it. But as a result of this damming, the blood pressure in the veins rises rapidly to 
the point where it is able to overcome the compression—doing this the more readily as now 
the diastole of the heart sets in, and with this the intra-ocular pressure diminishes. [As 
abovestated, moderate digital pressure on the eyeball causes pulsation of the retinal veins. 
With greater degrees of pressure the retinal arteries narrow and the veins are emptied. 
This effect is most marked in children; it is less in elderly subjects; and in old persons with 
arteriosclerosis digital pressure may not produce even a venous pulsation (Black).—D.] 


93. Appearance of Fundus.—Since in healthy living eyes the retina is 
transparent, we see no part of it with the ophthalmoscope except the blood 
vessels. At most we find the red fundus in the immediate neighborhood of 
the papilla covered by a delicate gray veil which shows a radiating fine 
‘stration and which is the representative of the layer of nerve fibers of the 
retina, which in this situation is still quite pronounced. In children vivid 
refiexes often exist which are especially pronounced along the vessels, change 
their place with every movement of the mirror,and give the retina a luster 
like that of watered silk. We must not regard these as pathological opacities. 
{In old people, on the other hand, we find the retina less transparent and 
lustrous, the vessels narrower, and the papilla paler (Leber).—D.] 

The region of the retina that is most important for vision, the macula 
lutea, with the fovea centralis, is just the part that has very few distinctive 
ophthalmoscopic features. We find it with the ophthalmoscope if we go 
a distance of 144 to 2 papilla-breadths outward from the outer border of 
the papilla. Here we come upon a region devoid of vessels which is some- 
what darker than the rest of the fundus. Directly in its center, correspond- 
ing to the situation of the fovea centralis, we see, when examining the eye 
with the direct method, a bright point or a small, crescentic spot (Fig. 20, f). 
In the inverted image the macula lutea is represented by a fine white, not 
very sharply-defined curved line which forms a horizontal oval of about 
the size of the papilla. The region inclosed by the line is colored a dark 
brownish red and sometimes has in its center a little bright dot. These 
appearances are nothing more than reflexes produced by the light on the 
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inner surface of the retina, and are by no means constantly present. When 
the pupil is dilated they become less marked or disappear altogether. 

94. Since the purple color of the living retina is not visible with the oph- 
thalmoscope, the color of the background on which the appearances above 
described are to be seen is produced by thestructures lying behind the retina, 
namely, the pigment epithelium, the chorioid, and the sclera. The follow- 
ing varieties of coloration in the background of the eye are found, depending 
on the amount of pigment contained in the two structures first named:— 

1. If the pigment epithelium is very uniformly and profusely pig- 
mented, it conceals the chorioid completely, and the background of the 
eye appears of a uniform brownish red (in very darkly pigmented men 
almost a dark gray), [see Fig. 25, C.—D.]. When the pigmentation is less 
uniform we observe in the erect image a finely granular appearance of the 
eye-ground which is caused by the cells of the pigment epithelium. 

2. When the pigmentation of the pigment epithelium is less marked the 
chorioid shows through it and if this latter is profusely pigmented we can 
recognize the interspaces between the chorioidal vessels (the so-called inter- 
vascular spaces, Fig. 150, H) as dark elongated islands. The light red strize 
running between the latter and anastomosing everywhere with each other 
correspond to the chorioidal vessels, which are chiefly veins. No sharp out- 
lines of vessels, however, are visible, because the pigment epithelium spreads 
a veil over the chorioid. Such an eye-ground is said to be tessellated (Figs. 
25, B, and 26); by beginners it is often confounded with chorioiditis. 

3. The less pigment there is contained in the pigment epithelium and in 
the chorioid the more the white sclera shows through, and consequently the 
lighter red is the eye-ground asa whole. In individuals with little pigment 
—i.e., in blondes and to the greatest degree in albinos—the pigmentation in 
the fundus is so scanty that we can see the vascular network of the chorioid 
distinctly. In contrast with the tessellated fundus, the intervascular spaces 
are lighter than the vessels, because the white sclera shows through. Sucha 
fundus is called albinotic (Fig. 25, A, and Fig. 27; see also §437). The retinal 
vessels run over the chorioidal vessels, but are easy to distinguish from them. 
The chorioidal vessels are broader, less sharply defined, and look flat and 
ribbon-like; they lack the reflex streak. In opposition to the retinal vessels, 
which branch after the manner of a tree and do not anastomose, they form 
by their numerous anastomoses, a dense network with elongated meshes. 

95. Determination of the Refraction by the Ophthalmoscope.’—This 
may be accomplished in three ways: with the erect image, with the inverted 
image, and by the shadow test. 

(1) Determination of the refraction with the erect vmage. When the 
eye under examination is emmetropic, the rays emitted from the illuminated 
retina emerge parallel to each other (as shown in Fig. 13); hence the obser- 
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5 The following remarks with regard to the determination of the refraction presuppose for 
understanding an aan ht aies with Part IV of this bock, which treats of the refraction of the eye. 
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Nasal Temporal 


Fie. 26.—TEsseLuaTep FuNnpvs. 


(For the alteration of the papilla here depicted, which is due to congenital malformation, see the de- 
scription attached to Fig. 202.) 


Fig. 27.—Funpus or an Atprnotic Lerr Eye semN IN THE Erect ImMaace. (After Jager.) 


The papilla is surrounded by a light-colored scleral ring, and looks dark in comparison with the 
light hue of the rest of the fundus. The latter shows a thick network of chorioidal vessels and ove 


r 
them the retinal vessels, which are distinguished from the former by their better defined outline, their 
narrow caliber, and their straight course 


30th the chorioidal and retinal vessels contrast by their 
darker red with the very light red of the background, the hue of which is produced by the white sclera 


shining through the chorio-capillaris. It is only at the macula lutea that the somewhat darker hue of 
the fundus gives evidence of the presence of a slight pigmentation of the chorioid 
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ver’s eye, which in all that follows we shall assume to be emmetropic, can 
without exercising any accommodation unite them into a sharp image. 
Emmetropia, however, represents the only condition of the patient’s eye 
in which an emmetropic observer can without ulterior aid see distinctly 
the patient’s fundus; when the patient’s refraction is of any other nature 
the observer, to see clearly, must use either a glass or his accommodation. 


In the first place, suppose the eye under examination (A, Fig. 28) to be myopic with 
its far point at F so that the rays coming from F are united on the retina at f (see § 765). 
F and/ are conjugate foci, and the course of the rays would therefore be the same if they 
should proceed in the opposite direction—i.e., from f toward F; in that case, they would 
be united at F, as they emerge from the eye. A point f of the retina, illuminated by the 
ophthalmoscope, will then emit a bundle of rays converging at F’; and at this distance 
there is produced a clear image of the illuminated fundus. The observer’s eye, which is 
placed at a short distance (a few centimetres) from the eye A, would catch the rays emit- 
ted from the latter before they were united at F—that is, while they still had a certain 
amount of convergence, But the observer’s eye, unless it were hypermetropic, is not in 


Fic. 28.—CorReEcTION oF Myopia By A CoNCAVE LENS. 
The eye is drawn of the natural size of a myopic eye having an axial length of 27 mm. 


a position to unite convergent rays into a sharp image. If the eye is emmetropic, as we 
will assume it to be, the rays which fall upon it must first be made parallel, which evi- 
dently is accomplished by a concave lens, L, of the proper strength. This would be a 
lens of such focal length that its principal focus would coincide with the point F. Now, 
how is this lens related to the degree of myopia of the eye under investigation? If we 
imagine the course of the rays reversed, then parallel rays coming from in front and fall- 
ing upon the lens L would be rendered by the latter so divergent that they would come 
to a focus upon the retina of the myopic eye; the myopic eye accordingly would get sharp 
vision with this lens for parallel rays—that is, rays coming from an infinite distance. L 
would therefore be the correcting glass for the myopia of the eye, A. We can hence say 
this: In order that an emmetropic observer should see clearly the fundus of the myopic 
eye, A, he must use the same glass that will correct the myopia of this eye. If, therefore, 
an emmetropic observer has to determine the refraction of a myopic eye with the ophthal- 
moscope, he keeps placing concave glasses before it until he finds one with which he gets 
a sharp view of the fundus in the erect image; the glass employed gives directly the degree 
of the myopia. The same principle holds good for hypermetropic eyes, only that convex 
instead of concave glasses are required. The rays emitted from the hypermetropic eye, 
A (Fig. 29), are divergent, and the more so the higher the hypermetropia is. The convex 
glass, L, which is required in a given case of hypermetropia in order to render parallel the 
divergent rays emerging from the eye and thus make it possible for the emmetropic 
observer to perceive the fundus, is the same as that which renders rays falling upon the 
eye in a parallel direction so convergeit that they are united upon the retina, and is 
therefore the glass which corrects the hypermetropia. Hence the degree of hyperme- 
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tropia of the eye under examination is given immediately by the convex lens with which 
the emmetropic observer sees the fundus distinctly. 

An emmetropie observer can also, it must be noted, cause divergent rays to focus 
upon his retina by calling his accommodation into play, and in this way can see the fun- 
dus of a hypermetropic eye distinctly even without the aid of a convex glass. But as one 
cannot estimate precisely the degree of accommodation thus applied, it is impossible to 
determine the amount of hypermetropia with precision by proceeding in this way. 

How is it in those cases in which the physician himself is not emmetropic? In that 
case he must simply correct in addition his own ametropia. If, for instance, an emme- 
trope is examining an eye having a myopia of 2 D, he needs for this purpose — 2 D. 
If the observer himself should have a myopia of 3 D, he would have to take in addition 
— 3 D for himself; hence he would employ a glass of — 5 D. If the observer were a hyper- 
metrope of 1 D, he would need + 1 D for the correction of his own ametropia; this, in 
combination with the — 2 D which are required for the eye under examination, gives a 
lens of —1 D. Asimilar procedure must be adopted in those frequently occurring cases in 
which the observer is indeed emmetropic, but cannot completely relax his accommoda- 
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Fic. 29.—CorrecTion oF HYpERMETROPIA BY A Convex LENS. 
The eye is drawn of the natural size of a hypermetropic eye having an axial length of 21 mm. 


tion during the ophthalmoscopic examination. He is then to be regarded as a myope, inas- 
much as he has to neutralize his residual accommodation by a corresponding concave glass. 

{We have to do the same thing if the patient uses his accommodation. The fact that 
very few observers are able to relax their accommodation completely when examining the 
eyes with the ophthalmoscope and that we can never be sure that the patient himself 
is not using some accommodation, renders the determination of the refraction by the 
direct method pretty uncertain, and there are very few ophthalmologists who can meas- 
ure the refraction in this way to within one D. 

If we examine by the direct method an eye with a notable amount of astigmatism 
some details of the fundus, e.g., the vertical vessels, will come out distinctly with one 
glass while the vessels at right angles will be seen best with another—the difference in 
strength between the two glasses being approximately equivalent to the amount of the 
astigmatism. In this case we must recollect that the glass with which we see one set 
of vessels gives the refraction of the meridian at right angles to them. Thus, if we see 
the vertical vessels with a+ 3 D, and the horizontal vessels with a plane glass, the ver- 
tical meridian is emmetropic and the horizontal meridian is hypermetropic 3 D.—D.] 

(2) The determination of the refraction with the aid of the inverted image is done by 
the method proposed by Schmidt-Rimpler, the principle of which is as follows: The 
concave mirror, S S (Fig. 14), forms at its focus a sharp image of the flame that is used 
as the source of light in making the ophthalmoscopic examination. This image lies 
between the mirror and the convex lens (J). Rays emanating from it are by means of the 
lens thrown upon the retina of the patient’s eye to form there a new image of the flame 
which the observer sees upon the fundus. Whether this latter image is sharp or not de: 
pends upon various circumstances: upon the strength of the mirror and the lens; upon the 
distances between the lamp, the mirror, the lens, and the eye; and lastly upon the refrac- 
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tion of the latter. By taking all these factors into consideration we can determine the 
refraction, provided we ascertain the distance at which the observer has to be in order to 
see the image of the flame upon the fundus of the patient’s eye distinctly. [Cf. §99.] 


96. (3) The determination of the refraction by means of the shadow 
test was discovered by Cuignet, who called it keratoscopy. It is also known 
as pupilloscopy, retinoscopy, and skiascopy (cx:d, shadow). In using it, the 
observer places himself at a distance of rather more than one metre from 
the patient, and throws light into his pupil by means of a concave mirror. 
When the mirror is in a certain position, the whole pupil appears a vivid 
red; then if the mirror is turned a little on its vertical axis, a black shadow 
appears at the edge of the pupil and, as the mirror is rotated still more, 
passes over the whole area of the pupil, until the latter is completely dark. 
From the direction in which the shadow travels the refractive state of the 
eye under examination can be ascertained. To accomplish this, we must, 
to start with, have a clear comprehension of the significance of the illumi- 
nated portion of the pupil and of the shadow respectively. 


By means of the mirror a point of the fundus is illuminated, and from this point 
the rays are returned in such a way that a portion of them pass out again through the 
pupil. The direction which these rays take on emerging is determined by the refrac- 
tion of the eye. If myopia is present, we know that the emergent rays will converge so 
as to meet at the far point of the eye. In Fig. 30 let J P and PJ, be the iris, and P P, 
the pupil of the patient’s eye. The rays emerging from the pupil unite at the far point’ 
R of the eye. If we suppose that by means of the mirror a point of the retina is illum- 
inated which lies somewhat to the right of the lme connecting the pupillary centers of 
the observer’s and of the patient’s eyes, R will be situated correspondingly far to the 
left of this line. From R the rays (now become divergent) continue on their way to- 
ward the observer’s eye, which we will now suppose to be beyond R. Let 7 p and pi 
represent the iris, and p p the pupil of this eye. Now p p does not take in all of the 
conical sheaf of rays emanating from R, but only a portion of it, having p o as its base. 
The remainder of the cone falls upon the iris pz. Since the rays constituting this part 
of the cone are not seen by the observer, the portion of the pupil which is opposite to 
them, and from which they come (represented in Fig. 30 by the lines of shading), appears 
unilluminated; the only portion of the pupil that does appear illuminated being that 
which is here shown as unshaded, and from which the observer receives rays that enter 
his own pupil. The dark and the luminous portions of the patient’s pupil are separated 
by a curved line, since the boundary between the two is formed by the pupillary edge p 
of the observer’s eye. Thus the circle at the bottom of Fig. 30 represents the pupil of 
the patient’s eye seen from in front; the portion of it left unshaded in the figure corre- 

sponds to the illuminated part of the pupil. as Ne 

Now suppose that by a rotation of the mirror the spot of illumination in the fundus 
shifts in such a way that & travels farther to the left. Then more and more of the emer- 
gent beam will fall upon the iris, and less and less of it will fall upon the pupil of the ob- 
server’s eye, and the shadow in the pupil of the patient’s eye will, as the arrow in the circle 
indicates, advance farther and farther toward the left pupillary margin, until finally the 
whole pupil appears dark. Theshadow, therefore, moves in the same direction that R does. 

We have now to determine how the movements of F are related to the movements 
of the mirror. Ifa concave mirror is employed, it forms at its focus an image of the lamp 
flame which lies between the mirror aud the patient’s eye and serves to illuminate the 
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latter. If the mirror is rotated to the left, the image of the flame also travels to the 
left. But as the portion of retina illuminated by the image of the flame must always 
lie on the side diametrically opposite to the latter, it must, with the movements of the 
mirror, move in a sense opposed to that of the 
image of the flame—i.e., to the right (from B to 
B, in Fig. 30). But the point of union, R, of the 
emergent rays lies diametrically opposite to that 
occupied by the illuminated portion of the retina; 
hence R& will move to the left—i.e., in the same 
direction as the mirror. Now since R moves to 
the left when the mirror is rotated to the left, 
and as the shadow in the pupil travels to the left 
when R moyes to the left, we may say, 

When a concave mirror is used the shadow in 
the patient's pupil moves in the same sense as that in 
which the mirror rotates, provided the far point of the 
patient's eye lies between his eye and the observer's. 

These relations are reversed when we come to 
examine a myopic eye whose far point is beyond 
the observer’s eye. By constructing Fig. 30 so 
that F lies beyond 7 p, it will be found that in this 
case the illuminated portion of the pupil lies on 
the right side, and that as R shifts to the left the 
shadow goes to the right. The like is true for 
those cases in which the far point of the patient’s 
eye lies behind the latter, as is the case in hyper- 
metropia. This will be clear from Fig. 31. P Py 
represents the pupil of a hypermetropic eye, from 
which the rays that emanate from the retina pass 
out, taking a divergent course. They thus forma 
cone whose apex lies behind the eye at its far 
point, R. If the illuminated portion of the retina 
lies to the right of the line connecting the pupil- 
lary centers of the two eyes, R is also found to the 
right of the latter. The pupil, p pi of the ob- 
server’s eye takes in only that part of the conical 

sheaf of rays which corresponds to the right-hand portion of the patient’s pupil (the por- 
tion left unshaded in Fig. 31). The left-hand portion of the patient’s pupil (represented 
by the lines of shading in the figure) remains unilluminated, because the rays that come 
out from it no longer fall upon the observer’s pupil. The more R moves to the right, 
the more the unilluminated portion of the pupil is displaced to the right in the direction 
indicated by the arrow in the circle below. The shadow, therefore, travels in the same 
direction that R does, as is also the case in myopia when the far point les in front of 
the observer’s eye (Fig. 30). The difference between’ the two cases lies in the different 
relation that the movement of R has to the rotation of the mirror. If the concave mirror 
is rotated to the left, the image of the flame produced by it travels Itkewise to the left, 
and the spot of illumination upon the retina travels to the right (from B to By). Then 
the beam of rays returning from this spot of illumination shifts to the left, but R, since 
in the hypermetropic eye it lies at the prolongation of these rays backward, moves to the 
right. #, therefore, moves in a direction opposite to that in which the mirror rotates and 
the same is true of the pupillary shadow, which always moves in the same way that R does. 


Fic. 30.—SHapow Test in Myopia. 
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Hence when a concave mirror is used, the shadow moves in a direction opposite to that in 
which the mirror is rotated, provided the far point of the patient's eye lies behind the observer's 
eye(in low degrees of myopia) or behind the patient's eye (in hypermetropia). 

The way in which the shadow moves, there- 
fore, depends upon the relative situation of the 
far point and the observer's eye. If the observer 
stations himself at a distance of rather more than 
1 m. (say 120 em.) from the patient’s eye, R lies 
between the two eyes when there is myopia of 1 
D or more, because then the patient’s far point 
lies at 1 metre or less from his eye. In myopia 
amounting to less than 1 D the far point lies be- 
hind the observer’s eye, and the same is true of 
emmetropia, in which the far point lies at infinite 
distance. In hypermetropia, on the other hand, 
the far point lies behind the patient’s eye. From 
these facts are derived the following rules for con- 
ducting the shadow test: 

The observer, standing at rather more than 
1 metre from the patient, illuminates the eye with 
@ concave mirror, and notices the way in which 
the shadow moves in the patient’s pupil as the 
mirror is rotated. If the shadow moves in the 
same direction that the mirror rotates, there is 
myopia of 1 D or more. Then successively 
stronger concave glasses are set before the pa- 
tient’s eye in a trial frame® until a glass is found 
with which the shadow travels in the reverse direc- 
tion. This glass carries the far point of the eye 
to just beyond 1 metre (corresponding to a refrac- 
tive power of 1 D); and the last glass, x D., with 
which the shadow still moves in the same sense as 
the mirror, corrects the myopia of the patient’s 
eve up to approximately 1 D. Hence the total 
myopia of this eye isn D+ 1 D. 

If, when the mirror is rotated, a movement 
of the shadow takes place in the opposite direc- 
tion, there is then in the eye that is being ex- 
amined either myopia less than 1 D, oremmetropia 
or hypermetropia. In this case a series of convex 
glasses is placed before the patient’s eye until the 
shadow begins to move in the same direction as 
the mirror. If this glass is n D, the refraction of = 


the patient’s eye isn D—1 D. cae ; 
[If we give the name reversing glass to the lens which in any case just suffices to give 


us a movement with the mirror (any lens that is more concave or less convex giving us a 
movement against), we may enunciate the above rules more simply as follows: If we add 
— 1D to the reversing glass we shall get the glass that corrects the patient’s refraction. 


1G. 31.—SHavow Test in HyPeERMETROPIA. 


i umber of glasses one after another in a trial frame, we may also employ 
a ee oe cet of hapetis fname, or an oblong slide in which a series of such glasses is 
permanently fixed after the fashion of an ophthalmoscope. Such an appliance, which is called a 
skiascope, allows the glasses before the patient s eye to be shifted rapidly either by the patient himself 
or by the physician, without the latte: having to move from his station.—D.] 
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The observer may stand at any distance from the patient other than a metre. 
For example, he may stand at two metres. In that case, since the reversing glass ob- 
viously puts the patient’s far point just in front of the observer’s eye, the patient with 
the reversing glass on will be myopic 0.5 D and to find the true correcting glass we 
shall have to add — 0.5 D insteadof — 1 D to the reversingglass. So if we stand at half a 
metre we shall have to add — 2 D to the reversing glass to get the proper correction.—D.] 


97. [Wedetermine astigmatism with theshadow test by ascertaining the 
refraction of the two principal meridians separately. For example if with 
the concave mirror at one metre we obtain reversal in the vertical meridian 
with +2.5 D and in the horizontal meridian with +4.5 D there is an astig— 
matism of 2 D and the correcting glass is + 1.50 D sph. © + 2.00 cyl. ax. 90°. 


A more accurate way of determining the astigmatism by the shadow test is to ascer- 
tain the refraction of one of the principal meridians with aspherical glass ;thenleaying this 
glass in situ, to place a cylindrical glass with its axis in the meridian thus corrected and 
keep on changing the cylinder. until with the two glasses, spherical and cylindrical, a com- 
plete and uniform reversal is obtained in all meridians at once. This method has the ad- 
vantage of indicating both the axis and the amount of astigmatism with great precision. 

Regular astigmatism of any amount is shown in the shadow test by the presence 
of a band of light which always runs in the direction of one of the two principal meri- 
dians. This appears as follows: When a glass is put on which is about equal to the 
reversing glass for either one of the principal meridians, the illuminated area of the 
pupil instead of appearing round is transformed into an elongated oval or into a band 
of light which runs in the direction of the meridian thus corrected. Then, no matter 
how the mirror is moved, the movements of the shadow tend to take place at right 
angles to this band. This band of light is an important indication since it runs in the 
precise direction in which the axis of the correcting cylinder is to be placed. 

The presence of irregular astigmatism is shown in the shadow test by confused 
shadows which move irregularly and in various directions across the pupil; often by 
the presence of two shadows which come simultaneously from opposite sides of the 
pupil to meet each other (scissors movement).—D.] 


98. The shadow test can also be conducted with the plane mirror. 
With this the image of the flame lies behind the mirror, and hence, when 
the latter is rotated, moves, not with the mirror, as is the case when this 
is concave, but-in the opposite direction. Accordingly, the movement of 
the pupillary shadow with relation to the rotation of the mirror is just the 
reverse of that which obtains with the concave mirror.? 


In either case this method is of great simplicity; of all methods it is the easiest 
to learn, and has the advantage that in it the refraction and accommodation of the 
observer do not need to be considered. Withal it gives as exact results as any one of 
the other methods. [The shadow test is one of the most accurate of our methods of 
determining objectively the refraction, and of checking the results of the subjective 
examination, and should be carefully studied and practiced. It usually requires dilata- 
tion of the pupil and relaxation of the accommodation with homatropine, although 
often quite accurate determinations can be made without this. If the pupil is dilated 
we must try to observe the movement of the shadow in the area which corresponds to 
that occupied by the pupil when normally contracted. This visual area, or central 


7 [I.e., the shadow moves in the opposite direction to that in which the mirror is rotated—moves to the 
right whex the mirroris rotated to the left, or, asthe phrase is, moves ‘‘against’’ the mirrorin myopiaofsuch 
a degree that the patient’s far point is between him and the observer; and in all other cases—in less 
degrees of myopia, in emmetropia and in hypermetropia—moves ‘‘ with” the mirror.—D.] 
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portion of the pupil, which the patient habitually uses for seeing, sometimes differs 
markedly in refraction from the peripheral area of the pupil. Unless attention is paid 
to this point and the movement of the shadow in the visual area is taken instead of 
that in the periphery, a false estimate of the refraction may be made.—D.] 


99. Determination of Refraction by Direct Ilwmination—A superfi- 
cial estimate of the refraction of an eye can be got whenever an observer at 
some distance [using direct illumination] is able tosee portions of the fundus. 


This is the case both in marked myopia and in marked hypermetropia. In marked 
myopia the rays emanating from the eye come together in front of and very close to it at 
its focus F (Fig. 28), where, accordingly, an inverted image of the fundus is produced, 
and that without the aid of a convex glass. The observer can see this image if he places 
himself ata suitable distance—e.g., the ordinary reading distance. That it isan inverted 
image which he sees is obvious from the fact that it moves to the right when he moves his 
head and mirror to the left, and vice versa.S If the observer approaches the patient’s 
eye, the image of the fundus rapidly becomes indistinct and soon disappears altogether, 
because the observer then gets so close to it that he can no longer accommodate for it. 

In marked hypermetropia, too, the image of the fundus can be seen at some dis- 
tance from the eye, but in this case it is an erect image. It moves in the same direction 
that the observer moves, and remains distinct when the latter approaches the patient’s 
eye. We can thus determine whether we are dealing with a high degree of myopia or 
of hypermetropia. 


100. Apparent Deformation of Disk in Ametropia.—The presence of 
astigmatism may be recognized from the change of shape which the 


papilla undergoes. : 


In regular astigmatism one meridian of the dioptric system of the eye is more 
refractive than the one at right angles to it; may be said, in fact, to correspond to a 
stronger convex lens than does the latter. Hence with the erect image the papilla will 
be seen under a greater enlargement in the more refractive meridian. If the latter, as 
is generally the case, is vertical, a round papilla will appear like a vertical oval. But 
the papilla often has in reality an oval form; and, in order to distinguish whether we 
are dealing with a papilla that is anatomically oval or with an astigmatic distortion of 
around papilla, we must resort to a comparison with the inverted image. If the papilla 
is really a vertical oval, it must appear so with the inverted image also. If, however, 
there is astigmatism, the distortion due to it in the inverted image will be the opposite 
to that produced in the erect image—i.e., in the example given the papilla in the inverted 
image would appear transversely oval. (This, however, is only the case when the con- 
vex lens used for forming the inverted image is held close to the patient’s eye. If the 
lens is gradually carried off, the papilla appears first round, andat length vertically oval.)? 


8 [This is not so much an evidence of the image’s being inverted as of its being in front of the eye. 
The image of the fundus, in fact, appears to move to the right when the observer moves his head to the left, 
because it lies in front of the plane of the pupil to which its movements are referred. On the other hand, 
in hypermetropia the image of the fundus appears to move in the same way that the observer does, 
because the image then lies behind the plane of the pupil. The conditions are the same as when we are 
on a moving train, and looking out at the telegraph poles near the track, backed by trees in the distance. 
The trees appear to move in the same direction as the train, and the telegraph poles in the opposite 
direction, the movements of both being projected upon some plane intermediate between the two,—D 
9[The fact that the papilla appears to change its shape as the convex lens is withdrawn from the 
patient’s eye is of itself a proof of astigmatism. On the other hand, an apparent change in size of 
the papilla, without change of shape occurring when the convex lens is gradually withdrawn, points’ to 
simple hypermetropia or myopia—to the former if the disk appears to diminish, and to the latter if 
the disk appears to enlarge. If the convex lens is placed so that its focal point is a little farther from 
the eye than the anterior focus of the latter (i.e., is rather more than half an inch in front of the cornea), 
there will be no distortion of the image of the disk from astigmatism, and no apparent increase or 
diminution in size due to myopia or hypermetropia. As this is the position of the lens which gives 
end torted view of the fundus, it is the one that sho uid habitually be used in making examinations 
iy Gis iadizect method—i.e., a 2-inch lens should be held 2}% inches and a 83-inch lens 3! inches in 


front of the cornea.—D.]} 
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101. Determination of Differences of Level in the Fundus.—Differ- 
ences of level cannot only be appreciated, but also precisely measured by 
means of the ophthalmoscope. This is effected with the aid of the erect 
image, by means of which the refraction can be determined for every point 
separately of the visible fundus. If a pomt in the fundus projects above 
its surroundings, as, for instance, the swollen papilla in neuritis, the axis 
of the eye corresponding to this point is shorter—that is, there is a hyper- 
metropia. By determining the degree of the hypermetropia we can com- 
pute theheightoftheprominence. Conversely, a point of thefundus which lies 
farther back (for example, the bottom of an excavation) possesses a myopic 
refraction, from which the linear measure of the amount of depression can 
be found. As the basis of this computation the rule holds that a difference 
of level of about 1 mm. corresponds to a difference of refraction of 3 D. 


Differences of level of the fundus are also made apparent by parallactic displace- 
ment. This is the displacement that under ordinary conditions of vision all objects 
show which do not lie in a plane parallel to the frontal plane. With the erect image we 
appreciate this parallactic displacement if during the examination we move a little 
from side to side. In making the examination with the inverted image we move the 
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Fic. 32.—Parauiactic DIsPLACEMENT OF THE INVERTED IMAGE OF POINTS OF THE FuNpDUs, 
LyinG aT DirFERENT LEVELS. 


convex lens which serves for the production of the inverted image a little up and down 
during the examination. If the points of the fundus which we have fixed upon lie all 
in the same plane, they do not change their relative position to each other with the shift- 
ing of the convexlens. If, on the contrary, a difference of level exists between them, we » 
notice a displacement with relation to each other, so that they now come nearer together, 
now go farther apart. Figure 32 may elucidate what takes place. Let a be a point on 
the edge, b a point behind it on the bottom of an excavation of the optie nerve. If the 
convex lens stands at J, the images of the two points a, and 6, fall behind each other 
and are superimposed. If the convex lens is now brought to /J, the image of the point a 
is reproduced at qd, that of b at by; the points appear to have separated from each other. 
Had the convex lens been carried in the opposite direction, the apparent displacement 
of the two points would have taken place in the opposite sense; it would have looked 
as if the edge of the excavation had been drawn over the bottom of it. From the mag- 
nitude of the displacement the difference of level of the two points can be estimated, 
but cannot be exactly computed, as is possible with the aid of the erect image. 


CHAPTER II 
FUNCTIONAL TESTING 


102. BEsIpEs instituting the objective examination, we have further 
to test the function of the eye. In doing this we are limited almost entirely 
to the statements of the patient, so that in this respect we are quite depen- 
dent upon the latter’s intelligence and good will. 

Our visual sensations are of three different kinds, inasmuch as in 
looking at objects we take cognizance of their form, their color, and their 
brightness. The faculty by which we recognize the form of objects is 
called the space sense, and finds its numerical expression in the visual 
acuity; the faculty by which we distinguish colors constitutes the color 
sense; the faculty by which we distinguish different degrees of brightness 
constitutes the light sense. These faculties are resident in the retina 
throughout its entire extent, although in very different degrees. In this 
regard we must distinguish between central and peripheral vision. 

103. Central or direct vision is vision with the fovea centralis. When 
we wish to see an object distinctly, we “fix” [or “fixate” or “sight’’] it— 
that is, we turn the eye in such a way as to make the image of the object 
fall upon the fovea centralis, as the latter, on account of its peculiar ana- 
tomical structure, gives us the sharpest vision that we are capable of. It 
is with reference to central vision that we test the refraction, the accommo- 
dation, and the visual acuity. For more precise particulars in regard to 
these tests, see Part IV of this book, which treats of the optical defects 
of the eye. 

104. Peripheral or indirect vision is vision with those parts of the retina 
which do not belong to the fovea centralis and which comprise by far the 
greatest part of the retina. Vision with the peripheral portion of the 
retina affords a less distinct,' a duller sensation, of which we can best get 
an idea by holding the outspread fingers of our hand to one side of the 
eye, while the latter is looking straight ahead. The farther from the fovea 
centralis is the image produced upon the retina, the more indistinct is 
the perception of its shape. For perceptions of movement, on the other 
hand (Exner), as well as of slight differences of luminosity, the periphery 
of the retina is actually more sensitive than the center. 

Of what use, then, is peripheral vision, if we can get no well-defined 
perceptions with it? We can best understand this by observing persons 
who have lost peripheral vision to such an extent that only the fovea cen- 
tralis and its immediate vicinity retain their functional activity, as happens 


1 [According to Burckhardt, the visual acuity of an excentric portion of the retina is 1 divided by 
3n, where n=the distance in degrees from the fovea (Leber).—D.] a 
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in many diseases, especially in retinitis pigmentosa. Such persons can some- 
times still read the finest print, and yet are in no condition to go about 
alone. We can put ourselves in this condition if we fasten in front of the 
eyes a long tube which allows us to see only the point lying directly in 
front of our line of vision. We cannot go about with such an apparatus 
because we strike against objects everywhere. Peripheral vision, there- 
fore, is of service in orientation. How? If, as we are walking, we look 
straight before us and there is a stone lying in our path, the latter forms 
an image in the periphery of the retina of our eye, in this case in the upper 
part of it. The stone, to be sure, is not distinctly perceived, but still it 
excites our attention. Our gaze is then directed at it; it is seen directly; 
we recognize it as an obstacle and avoid it. The same thing happens if 
we go out upon the street and men come toward us from one side, ete. 
The images falling upon the periphery of the retina give us warning signals 
which make us cast our eye directly upon the objects which produce the 
images. And it is precisely moving objects that are most sure to attract 
our attention, since, as just stated, the peripheral portions of the retina 
have a high degree of sensibility for the perception of movement. 

105. Examination of the Field of Vision.—The examination of the 
field of vision—that is, of the limits of indirect vision—must be made 
for each eye separately. The eye examined is directed at a fixed point, 
in order that it may thus remain steadily in the same position, while the 
other eye is kept closed. 

The simplest way of investigating the extent of the field of vision is 
by using the hand as a test object. The physician places himself directly 
in front of the patient and at a short distance from him; the patient looks 
with one eye at the physician’s eye directly opposite. The physician now 
closes his other eye (as does the patient), and gradually moves his hand 
from the periphery inward over the limits of the field of view; the patient 
must tell as soon as he sees the hand. In this way the physician has in 
his own eye a means of judging the field of view of the patient; if this is 
normal, the patient must see the hand at the same time that the physician 
doeswithhiseye. Thismethodis sufficiently exact for the recognition of the 
larger encroachments upon the visual field; but small defects cannot be thus 
recognized. Itistheonlymethod of testing applicablein those cases in which 
smaller test objects are no longer made out because the vision is too poor. 

[If instead of the hand a small test object be used, this method, which 
may be called the confrontation method, is quite precise and is also as accu- 
rate for clinical purposes as the more seemingly scientific methods described 
later. A suitable test object for this purpose is a white card with a round 
black spot 1 to 3 mm. in diameter on each side of it, or for color tests a 
small colored square on each side of a gray card, the gray having the same 
light value as the color that it bears (Holden). The observer stations 
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himself opposite the patient and in such a way that the background and 
the illumination are alike. for both. The patient closes his left eye and 
with his right looks straight into the observer’s left eye. The observer 
closes his own right eye, looks with his left straight at the patient’s right: 
eye, and holding the test card midway between the patient and himself, 
carries it from the periphery to the center, noting the point where he him- 
self first sees the dot and then the point where the patient sees it. If these 
two points coincide, the patient has a normal field in that special meridian; 
otherwise his field is abnormal. Thus, if under the given conditions the 
observer begins to see the spot at a certain distance from the center but: 
the patient does not see it until it is carried half way in, the patient’s 
field is contracted one-half in that meridian. 

By repeating this test for the chief meridians in succession, quite an 
accurate plot of the field may be made as compared with the field of the nor- 
mal eye (see Fig. 33).—D.] 


[Fic, 33.—Pior or Fis_tp TAKEN BY THE ConrrontTaTron Mernop. 


The observer with one eye shut gets an idea of his field of vision in the other as a space bounded 
by an oval, a, a, a, which, reckoning from the point of fixation, f, extends apparently about twice 
as far to the temporal side, 7, as to the nasal, N, and also extends somewhat further below than above. 
The patient in the present case sees the test object only half as far out as the observer does to the 
temporal side, and two-thirds as far out to the nasal, while his field above and below is contracted 
about one-half. His field, therefore, has the extent shown by the curved line, 6, 6, b.—D.] 


106. If the patient is no longer in condition to see even the hand, we 
must make use of a candle flame which we carry about through the field of 
vision. In this way, for instance, we test the visual field of a person who is 
blind from eataract. [In doing this we place the patient in a dark room, 
blindfold with a towel or handkerchief the eye not under examination, and 
direct the patient to keep the other eye fixed steadily in one direction. We 
then carry a candle in the different parts of the field, and, as we do so, alter- 
nately shade and uncoverit. The patient, if his field is normal, must be able 
to tell not only when it is light and when it is dark, but also just where the 
light is at any moment (if necessary, by pomting to it or trying to grasp it). 
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The reason why it is essential that the patient should not only declare that he sees 
the light, but also say where it is, is this:] It not infrequently happens that he recog- 
nizes the glimmer of the light as soon as the candle flame appears in the periphery of 
the visual field, but that he tells its place wrong. He says every time, for instance, that it 
is on the right hand even when it is held in some quite different spot. This is accounted 
for as follows: When an eye with transparent media is tested with a candle flame in a 
dark room, there is formed upon the retina, at a point opposite to the flame, an image 
of the latter, while the rest of the retina is not illuminated and has a sensation of dark- 
ness. If that part of the retina which is situated directly opposite the light were insen- 
sitive, no light would be seen at all. The case is different with an eye whose 
media are cloudy. In this the rays emanating from the light are so dispersed by the 
cloudy media that the whole retina is illuminated no matter where the light is placed. 
To be sure, the illumination of the retina is not perfectly uniform. ‘There are always 
more rays falling upon that part of the retina which les opposite the light than upon 
the other regions of the retina, and thus the patient is able to tell where the light is; 
but he would also see the light if the portion of the retina lying opposite the latter were 
insensitive, since the rest of the retina likewise receives light upon it. Let us assume 
that the whole retina has become insensitive, with the exception of a region situated on 
the temporal side. This latter region, no matter where the light may be, will receive 
diffused light and will perceive it, too. The patient will locate the source of this sensa- 
tion in the portion of the external world lying opposite to this region of the retina, and 
will therefore believe always that what he sees is on his nasal side. Hence the mere 
statement that a light is seen is not sufficient proof of the possession of functional capac- 
ity by all parts of the retina. For this it is requisite that the situation of the light be 
told correctly every time. 

107. We get at the field of vision more exactly by means of the black- 
board. We place the patient before this and take care that during the 
examination the distance between the eye and the board remains always the 
same (e.g., 30 cm.). Directly opposite the patient’s eye we make a mark on 
the blackboard with chalk, and direct him to fix his gaze on this mark dur- 
ing the examination. The chalk is now gradually brought from the edge of 
the blackboard to its center, and the patient is to tell at what moment he 
first sees it. By marking on the blackboard the limits of the visual field in 
every direction and connecting the points thus determined, we fix the extent 
of the field of vision. The size of the latter is, of course, in direct proportion 
to the distance at which it is taken. 

[The blackboard may be conveniently replaced by a curtain (Bjerrum’s curtain), 
one form of which is shown in I’ig. 34. 

This is used at two distances, viz.30 inches (0.75 metre) and 60 inches (1.50 metres), 
The former distance is used in determining limitations of the field lying anywhere within 
50° from the center (especially sector-like and hemiopie limitations), in determining 
limitations of the color-field, in mapping the field of fixation (§ 676) and in plotting 
double images (§ 662). The 60-inch distance is used when we wish to delimit central 
and paracentral scotomata (§ 113) and enlargements of the blind spot ($112). Dia- 
grams for plotting defects at these two distances are shown in Figs. 38 and 326.—D.] 

108. Even this method is not entirely free from drawbacks which 
spring from the difficulty of projecting a hollow sphere like the retina upon 
a plane. One important drawback is that unequal distances in the field of 
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vision correspond to equal distances on the retina. Thus, in Fig. 35, the 
distances m a and 6} c upon the retina are equal, each corresponding to an 
angle of ten degrees. In the field of vision projected on the board,47) 7% 
however, the section (from 70° to 80°) that corresponds tothe second region 
of the retina is many times greater than that (from 0° to 10°) which corre- 
sponds to the first. Hence, a spot upon the retina of definite size that has 
become insensitive to light would in such a visual field appear as a gap, the 
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(Fre. 34.—TaNGentT PLANE FoR PLOTTING CENTRAL AND PARACENTRAL SCOTOMATA, THE FIELD OF 
FIxaTION, AND THE DouBLe IMAGES IN PARALYSIS. 

The figure shows the reverse, or white side of the curtain forming the tangent plane, the other 
side, turned toward the patient, being a dead black and without markings except for a white-headed 
pin right at its center. The curtain can be raised and lowered, so as to bring this pin directly in front 
of the patient’s eye. The small squares of the checkerboard in the figure denote penne ie oe) 
intervals, the larger squares intervals of 10 inches (25 cm.). Pins are thrust into the black si ee Lis 
curtain, to show the outlines of scotomata, the limits of the field of fixation, the exact site of dou le 
images, etc. The plot outlined by these pins on the reverse side of the curtain may be Snnetemes at 
once to a chart (Fig. 38) which has printed on it a diagram like that shown in the figure.—D.] 


size of which would be quite different according as it is nearer to or farther 
from the center, and thus mistakes might be caused. A second evil is that 
the whole of a normal visual field does not find a place on a plane, be the 
latter ever so large. The normal field of vision, that is, extends outward to 
90° and more. Therefore, as is evident from Fig. 35, the temporal limit of 
the visual field can never be projected on the board. 


oT 
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After what has been said, therefore, there is only one exact method of 
representing the entire visual field, and that is by projecting it upon a hol- 
low sphere (Aubert). Upon this principle different perimeters are con- 


0° 10° 70° jk 


am 
Fie. 35.—PROJECTION OF THE VISUAL FIELD. 


The field of vision of the eye, A, projected in the semicircle of the perimeter, P, extends from 


‘65° on the nasal side to 90° on the temporal side, corresponding to the points, e and d, of the retina. 


These mark the anterior border of the sensitive portion of the retina, which extends farther forward 
on the nasal side than on the temporal. On a flat surface, T 7, the field of vision cannot be repre- 
sented as far as its temporal limit, since its projéction, O, falls outside of the surface. 


(Fie. 36.—A PrrtmeTER 


‘ The perimeter consists essentially of a graduated are along which the test object is carried. This 
arc is capable of rotation through all meridians, the meridian which it occupies and the position of the 
test object on the are being marked upon the diagram, which, as shown on the left side of the cut, is 
attached to the instrument. The patient sits with his chin in the chin rest sliding in the upright shown 
on the right-hand side of the eut.—D.,] 
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structed. To Forster belongs the credit of having introduced this instru- 
ment into ophthalmic practice. Férster’s perimeter consists, not of a com- 
plete hemisphere, but of a metallic semicircle (Fig. 35, P; see also Fig. 36) 
which represents, as it were, one meridian of the hemisphere. The semicircle 
is capable of being revolved so as to take the direction of each meridian in 
succession. The patient supports his head on a chin rest which is so placed 
in front of the semicircle that the eye to be examined is situated in the center 
of curvature of the latter. In the examination the eye must be fixed upon 
the middle point of the semicircular are, while the mark that serves for the 
test is carried toand froalongthe latter. Ascaleof degreesmarked upon the 
semicircular are enables us to read off directiy the situation of the boundary 
of the visual field, and the result obtained is transferred to a diagram (Fig. 37). 

[The perimeter or the confrontation method will show gross alterations 
in the field, and must be employed in any event when the field is ‘of any- 
thing like normal extent. For very contracted fields and particularly for 
Mapping out central or paracentral scotomata (see page 124) the perimeter 
has too small a radius. In this case it is much better to use the Bjerrum 
curtain (§ 107).—D.] 

Von Graefe was the first to call attention to the importance of testing the visual 
field in ophthalmic practice. He showed that for many intra-ocular diseases there are 
special varieties of contraction of the visual field, which are more or less characteristic of 
these diseases, and can be utilized for their diagnosis. Since then the study of the visual 
field has been much cultivated, so that at present its examination ‘has great significance, 
both for diagnosis and prognosis. 

109. Extent of the Field of Vision.—The normal field of vision, as 
a glance at the appended diagram (Fig. 37) shows, does not by any means 
extend equally far in all directions. It stretches prunes toward the exter- 
nal (temporal) side, where it has an extent of over 90 . Accordingly, we 
can still see objects on the temporal side, although they lie in, or even some- 
what behind, a plane passing through the pupil (for example, the point O 
in Fig. 35). This is rendered possible by the fact that the rays from such 
a point undergo such strong refraction at the surface of the cornea that they 
can still enter the pupil. The field of vision is much less extensive in other 
directions, especially in directions inward and upward. The cause of this 
is to be sought for in the fact that the nose and the eyebrows project into 
the field of view and limit it. This obstacle can indeed be partially over- 
come by making suitable rotation of the head while the field of vision is 
being examined, but even then we never find the field of vision as extensive 
on the nasal side as it is on the temporal. The cause of this is that the mar- 
gin of the percipient layers of the retina does not extend as far forward on 
the temporal side as on the nasal (Fig. 39, d and ¢). te Pn 

110. [The field that we obtain in any given case, either with the peri- 
meter or with other methods, will vary according to the size and conspicu- 
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ousness of the test object, the background against which the object is pro- 
jected, the way the light falls on it, the intensity of illumination, the state of 
adaptation of the patient’s eye, and other circumstances. This is espe- 
cially true of pathological cases, in which we shall often find that the field 
shows considerable variations from day to day without there being any act- 
Right Eye. 
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Fie. 37.—FieL_p or Vision or THE Riautr Eyre ror Wurrer, Biv‘, RED, AND GREEN, FOR A TEST- 


oBIECT 20 MM. SQUARE (After Baas.) 


[The size of the field of vision varies, owing to the encroachment of the brow or nose. This en- 
croachment can be removed by getting the patient to fix an excentrie part of one perimeter arm, while 


the test-object is carried along the arm opposite. Thus a field, somewhat larger than that usually 
given will be delimited (true field—Mauthner). In normal eyes, the field for white is essentially the 
same with smaller (even 2 or 3 mm.) test-objects. The field for colors diminishes as the size of the test- 


object is reduced, and in any event varies so considerably with the tint of color used, the illumination, 
the adaptation of the eye, and other circumstances, and also varies so considerably in different subjects, 
that no standard limits can be indicated. The limits given in the illustration must be regarded as 
maximal, being in many cases 15° or 20° less. Particularly it is the ease that the field for red is tincer- 
tain, owing to the fact that toward the periphery red changes to orange and then yellow. This zone 
of uncertain coloration is some LO° in width, and hence the patient’s estimates of the limits of the field 
for red may vary by this amount \gain it not infrequently happens that the field for green equals 
or exceeds that for red, especially when spectral colors are used. These facts render tests of the color 
fields doubtful in any case and worthless unless the precise conditions of the test are noted. The field 
for any color, however, should in general be roughly concentric with the field for white, and any marked 
variation in this regard would be abnermal With sufficiently large objects, the limits of the color 
fields are practically co-extensive with those for white.—D.| 


ual change in their condition itself to cause it. In fact the comparison 


between two perimetric records either of the same case or of different cases 
may be quite misleading unless we are sure that the conditions under which 
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the two records were taken were identical. Hence, a perimetric record is 
- not complete unless the attendant circumstances, and particularly the size 
and kind of test object employed, are noted. 


In taking the field it is important that the test-object used be not too large. Unless 
the vision is quite defective, it is better not to use an object larger than 5 mm. square, 
and it is well to supplement this with examinations made with objects 1 and 2 mm. 
square. Tests made with these minute squares sometimes reveal relative defects, which 
are not apparent when the larger objects are used. They thus afford the same sort of 
information that is given by tests made with colors (see § 115), and often in a more trust- 
worthy fashion (Walker). 

So also in using the Bjerrum curtain, especially for determining faint scotomata, it 
is best to employ white balls from 1 to 3 mm. in diameter, and supplement these only in 
case of necessity with larger objects (7 mm. ball).—D.] 


111. The pathological alterations of the visual field consist in its curtail- 
ment. This is either produced by a pushing in of the boundary of the visual 
field at some point, or it occurs under the form of gaps lying like islands 
inside of the field of vision. 

Narrowing of the visual field at the periphery presents varying charac- 
ters. If the limits of the visual field are brought nearer to the center from 
all points alike we speak of a concentric contraction. When this is consid- 
erable, it results in that incapacity for orientation which has been already 
described, although it may be that direct vision (visual acuity in the nar- 
rower sense) is still quite good. In other cases, the contraction extends from 
one side only of the periphery into the visual field. If it has the shape of 
a triangle whose base corresponds to the periphery of the visual field, it is 
called a sector-shaped contraction. A peculiar variety of contraction of the 
visual field is the hemiopic, in which exactly one half of the field is wanting 
(see § 545 and Figs. 272 and 273). 

Concentric contraction of the visual field, associated with retention of good central 
vision, we meet with especially in retinitis pigmentosa, and sometimes also in glaucoma 
simplex. In other diseases which are frequently accompanied by concentric contraction 
of the visual field, as, for instance, in atrophy of the optic nerve or of the retina and dif- 
fuse chorio-retinitis, central vision is also simultaneously and markedly affected. Finally, 
concentric contraction, often of very high degree, is characteristic of hysterical amblyopia. 
(Fig. 281.] 

We find the sector-shaped deficiencies especially in atrophy of the optic nerve; also 
in occlusion of one of the larger retinal arteries, when the sector-shaped district of the 
retina supplied by such an artery has its function abrogated. We observe more exten- 
sive, although not triangular, contractions of the visual field in detachment of the retina, 
and these most often extending in an upward direction, since the detachment, if of long 
standing, generally involves the lowermost part of the eye. In glaucoma a contraction 
of the visual field toward the nasal side is of relatively frequent occurrence. 

112. Island-like gapsin the visual field are called scotomata.’ One of these 
exists in the healthy eye at that point of the visuai field which corresponds 


2 From cxortos, darkness. 
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to the entrance of the optic nerve, and is known as Mariotte’s blind spot. In 
the field of vision it lies 15° to 16° to the outside of the point of fixation, F. 


[It varies in size and shape, but has usually the form of an erect oval, between 5° 
to 6° broad and 7° to 8° high (thus corresponding to the dimensions of the optic disk; 
see §87 and Fig. 38). This area of complete invisibility is surrounded by a narrow rim 
14°—34° wide, of relative obscuration (penumbra) in which large objects are still well 
seen, but small objects and colored objects are made out dimly or not at all (Haycraft, 
Van der Hoeve). Any marked extension of this penumbra or any notable enlargement 
of the blind spot indicates disease and particularly chronic glaucoma or degenerative or 
inflammatory changes in the optic nerve. This enlargement may be the only or at least 
the determining diagnostic sign present in these conditions. Hence in suspected cases 


(Fre. 38.—THer Burnp Spor. 


: A, blind spot (of normal size) of right eye. It differs from the usual form in being horizontally 
instead of vertically oval. B, blind spot (enlarged) of left eye. C, C, area of limitation of nasal field 
in left eye. Taken from a case of glaucoma in the translator’s practice. Field plotted on Bjerrum 
curtain, Figure shows card used for making plot when patient is placed 1.50 metres from curtain.—D.] 


the blind spot should be carefully plotted on Bjerrum’s curtain, and preferably with 
minute objects at a distance of 1.5 metres. It is mapped out in the same way as other 
scotomata (see § 114).—D.] 


113. The scotomata which occur as the result of disease have a very 
different significance for vision according to their situation; and, according 
to the latter, we distinguish them into central and peripheral. A central 
scotoma is one which involves the point of fixation (ef. Fig. 278). In this 
case direct vision is either greatly diminished or is abrogated altogether. 
The patient can no longer do any fine work, although his power of orienta- 
tion remains intact. Peripheral secotomata cause little disturbance of sight, 
especially if they lie far from the point of fixation, in which case they may 
not come to the patient’s knowledge until his visual field is being examined. 
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A special variety of scotoma is the annular, which encircles the point of fix- 


ation like a ring (which is not always completely closed), but leaves intact 
the point of fixation itself. 


Scotomata are most frequently met with in diseases of the fundus with focal lesions : 
especially, therefore, in chorioiditis disseminata, in which, as a rule, the gaps in the vis- 
ual field correspond to the separate spots visible with the ophthalmoscope. So long as 
these gaps affect the periphery only of the visual field, they cause little disturbance of 
sight. If they are very numerous, the visual field acquires a sieve-like character. If, fin- 
ally, one of the chorioiditie foci is localized at the region of the chorioid corresponding 
to the yellow spot,the visual power is very considerably reduced by the formation of a 
central scotoma in addition to the scotomata in the periphery. 

Isolated central scotomata occur in diseases of the retina and chorioid at the pos- 
terior pole of the eye, especially as a result of syphilis, or myopia of a high degree, and 
of senile changes. In all these cases there corresponds to the scotoma a change in the 
region of the macula lutea, visible with the ophthalmoscope. In another series of cases, 
on the contrary, a central scotoma exists, but the macula on ophthalmoscopic examina- 
tion looks normal; the cause of the scotoma is then to be looked for in the optic nerve. 
In the latter it is just those fibers which supply the region of the macula lutea that are 
the most favorite seat of disease (in retrobulbar neuritis and in toxic amblyopia, glaucoma 
simplex, ete.). [Normal eyes will develop a relative central scotoma if placed in a room 
that is sufficiently darkened. If the room is darkened still more, the scotoma becomes 
absolute—under-sensitiveness of the fovea to light in eyes that are adapted to the dark 
(Hess). 

A central scotoma, even when so minute as to be demonstrable with difficulty, usu- 
ally causes much trouble in near work. A person with such a scotoma may have com- 
paratively good vision (20 / 40) for distance, and yet may be utterly unable toreadeven large 
type; while a person with similar vision but no central scotoma can read quite well. A 
person with central scotoma reads letters in a characteristically hesitating way, picking 
out the letters slowly and often missing a letter altogether —D.] 

As the expression scotoma is used in different senses, it will require here a more pre~ 
cise explanation. We distinguish between positive and negative scotomata (Férster). 

By a positive scotoma we understand a dark spot which the patient perceives in his 
visual field—projects, that is, upon some portion of his visual field. The cause of a posi- 
tive scotoma lies either in the refracting media or in the retina. It may have its basis 
in fundus changes, e.g., an exudate or a hemorrhage into the retina. Such lesions throw 
a shadow on the rods and cones, as these are the furthest back of all the layers of the 
retina, and this shadow is perceived and is projected exteriorly. Scotomata of this kind 
are best brought to light by making the patient fix his gaze upon a uniformly bright sur- 
face (e.g., a sheet of white paper). They are often more readily perceived if the illum- 
ination is at the same time diminished (as by letting down the window curtains). We 
can direct the patient to make a copy of the dark spots that become visible upon the 
paper, and from this we can determine the position and extent of the diseased portions 
of the retina. Opacities in the refracting media also throw their shadow upon the retina, 
and are therefore visible as dark spots. If the opacities lie in the vitreous they are motile 
(muscx volitantes) and the scotomata caused by them are characterized as motile scoto- 
mata. It is better not to use the expression scotoma for cases of this sort. 

We characterize as a negative scotoma a hiatus in the visual field, an isolated spot 
within the confines of which the patient does not perceive any external objects. Such a 
scotoma is usually not discovered until the visual field is examined. But there is nothing 
to prevent a negative scotoma from being at the same time a positive one, too; the same 
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diseased regions of the retina that are insensitive to external luminous impressions can 
at the same time be themselves perceived as dark spots and be projected exteriorly. 

Negative scotomata are divided into absolute and relative according as the object 
used in examining the field of vision becomes altogether invisible or simply indistinct 
in the confines of the scotoma. Hence an absolute scotoma for white is present if a white 
object disappears entirely at one spot, but there is a relative scotoma for white which 
at that point simply appears of a less pure white, or indistinct in outline. But even when 
a white object shows no change whatever, this does not prove that there is no change in 
the field of vision. We must then make the examination with colored objects also. For 
with a certain diminution of the visual power the ability to distinguish colors accurately 
disappears, whilethe objects themselves, owing to differences in their luminosity, can still 
be recognized. For example, in a recent case of chronic poisoning by nicotine, the visual 
field, measured with the aid of a white test object, may seem quite normal; but if a small 
red paper disk is chosen for the examination there is a small region in the center in which 
the disk is either not recognized as red at all (absolute scotoma for red) or less vivid there 
(relative scotoma for red). 


114. [Scotomata (including the blind spot) are best mapped out on 
Bjerrum’s curtain (preferably at a distance of 1.50 metres). 


Scotomata, especially central scotomata, are often hard to delimit, because the 
patient, on account of his poor central vision, fails-to see distinctly the central spot on 
the curtain which he is asked to fixate, and hence lets his eye wander about, so as to pro- 
ject his scotoma on successively different portions of the curtain. To obviate this, we 
employ some device by which the other eye, presumably sound, maintains fixation and 
yet does not see the test-object. This may be effected by a specially devised form of 
stereoscope (Haitz’s apparatus). Another device is the complementary-color test. This is 
based on the fact that when a sufficiently dark colored object is looked at through a dark- 
ish glass of complementary color it appears black and hence, when placed on a black back- 
ground like the Bjerrum’s curtain becomes practically invisible. Hence to map out a 
scotoma in the left eye, we place a dark green glass before the right,and carrya dark red 
object over the curtain—directing the patient at the same time to look steadily at the 
center pin of the curtain with his right eye. At points outside of the scotoma, the test- 
object appears red, because still seen by the left eye, but when it reaches the portion of the 
curtain corresponding to the scotoma, it suddenly disappears, because it is now invisible 

to both eyes. 
: As above stated, scotomata, especially faint positive secotomata, are often best pro- 
jected on a white surface, instead of the black curtain. In this case the complementary- 
color test-may be replaced by the homonymous-color test. In this the sound eye is covered 
with a red glass, and a light spectral red is used as a test-object. This, seen through the 
red glass appears white, and hence is practically invisible against the white background. 

Another method of delimiting secotomata, and especially the blind spot, with accuracy 
is to use lwo lest-objects which are carried from opposite sides towards the limits of the 
scotoma, then brought within the latter, and then separated until both are just simul- 
taneously visible. This fixes one diameter of the scotoma, and by repeating the test in 
different diameters, a fairly accurate plot may be made. The result may be checked by 
putting in a series of white pins round the periphery of the scotoma as found. If when 
the eye is properly directed these all disappear at once, the plot may be regarded as 
accurate.—D.] 


115. Color Fields.—Even in the normal visual field the perception of 
colors is not everywhere the same. Just as in regard to the visual acuity, so 
also in regard to the color sense a distinction must be made between cer tral 


a 
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and peripheral colorperception. While the former is tested by simply placing 
samples of different colors before the patient, the latter must be tested like 
the visual field by using for test objects colored marks which are moved to 
and fro on the board or on the perimeter. The bigger, more vivid, and bet- 
ter illuminated the colored surfaces used for this purpose are, the further 
toward the periphery will their color be distinguished, and they may even 
be distinguished up to the extreme limits of the field. But when the exam- 
ination is made with the ordinary test objects used with the perimeter (col- 
ored squares of paper 3 to 10 mm. in diameter) the most peripheral portions — 
of the retina are found to be color blind. If such a colored square is pushed 
from the periphery of the visual field toward the center, the person exam- 
ined at first recognizes only the presence of a moving object. It is not until 
the square approaches nearer the center of the visual field that its color is 
correctly given. The moment when this occurs is not the same for all colors, 
some being recognized farther out from the center than others. The visual 
field for green is the smallest, that for red somewhat larger, that for yellow 
still larger, that for blue the largest (see Fig. 37). 


The examination of the visual field with colored objects is of great practical impor- 
tance. For instance, we find in one case the visual field normal when tested with white, 
while the examination with colors shows already a considerable introcession of its bor- 
ders at one spot. After some time, if the disease has progressed, we now, on testing with 
white, establish the same deficiency in the visual field that had before existed for colored 
objects only. The examination with colors is accordingly a more delicate test than that 
with white; it betrays a diminution of the visual power before it has advanced so far that 
a white object can no longer be recognized. If, therefore, we take two cases in which the 
visual field for white is equally large, but the visual field for colors is unequal, that case 
in which the visual field for colors is smaller affords the worse prognosis, since here a still 
further diminution of the general visual field is to be expected. Rapid diminution of color 
perception is pre-eminently associated with the progressive lesions of the optic nerve that 
lead to blindness. The examination of the visual field with colors is also requisite for the 
recognition of central scotomata, so long as they are not absolute. Furthermore, the way 
in which the color sense is diminished gives us a clew as to the site of the morbid changes. 
Thus diminution in the perception of blue corresponds to a lesion of the percipient ele- 
ments (rods and cones) of the retina, such as occurs in chorioiditis, retinitis, detachment 
of the retina and hemeralopia; diminution in the perception of red and green to a lesion 
of the conducting elements, as in affections in the optic nerve. If, however, the vision 
is impaired simply by opacities in the media, the perception of colors is normal. [Owing to 
the difficulty of standardizing the color tests and the conditions under which they are made, 
the results obtained by ther are, as a rule, quite unsatisfactory, and more reliable infor- 
mation is furnished by tests made with white objects of varying sizes (see page 
121).—D.] 


116. [Metamorphopsia. 
objects appear distorted. 

It may be due to defects in the refractive media (astigmatism, especially of the 
irregular kind)—refractive metamorphopsia—or +9 displacement of the retinal elements 
(retinal metamorphopsia). The latter occurs when the retina is lifted up by an exudate 
(retinitis, chorioiditis) or an underlying liquid or growth (detachment of the retina, tumor 


Metamorphopsia is the condition in which 
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of the retina or chorioid). If the process is such that the retinal elements are spread 
apart, as for instance occurs in a recent chorioiditis or retinitis, an object looked at will 
look smaller than it is (micropsia). This is because a retinal image, that would normally 
occupy three retinal elements, now, owing to the distention of the retina, occupies but 
two, and hence affords an impression corresponding to that afforded by an object of only 
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[Fia. 39.—RetTInaL MpTrAMORPHOPSIA. 

A, Micropsia, evidenced by an irregular bowing in of the parallel lines at a,a. Due to some cause 
producing distention of the retinal elements (detachment of retina, recent central chorioiditis or reti- 
nitis). The case depicted was one of central chorioiditis with a positive central scotoma, s, s. Within 
the scotoma the lines are curved in and are distorted. B, metamorphopsia in same case nine years 
after; positive scotoma still present. C, Macropsia, evidenced by an irregular bowing out of the parallel 
lines, c. Due to any cause producing shrinking of the retinal elements (atrophic chorioiditis, retinitis). 
The case depicted was one of solar retinitis in the translator’s practice. D, the distortion and change 


in hue produced in a line of test-types by the metamorphopsia in this case. The letters are all really 
of the same height and blackness.—D.] 


two-thirds the actual size of the object looked at. On the other hand, when the retinal 
elements are abnormally crowded together, as occurs in the atrophic stage of retinitis and 
chorioiditis, objects look larger than they really are (macropsia). 

The best test for retinal metamorphopsia is a series of parallel lines like the lines of 
music (Fig. 39). 


Retinal metamorphopsia if due to chorioiditis or retinitis is usually combined with 
a complete or partial scotoma. 


Micropsia and macropsia also occur in disorders of accommodation (see § 797) but 
are not then associated with distortion like that shown in Fig. 39.—D.] 

117. Light Sense.—Let us assume that we have before us two persons 
who in ordinary daylight have the same visual acuity; both under equally 
good illumination read print of the same size at the same distance. We 
now gradually lessen the illumination. As a result of this, the difference in 
brightness between the black letters and the white paper diminishes and the 
letters are distinguished with greater and greater difficulty. At a certain 
stage in the process of obscuration, one of the two persons ceases to recog- 
nize the print while the other is still able to read, and the darkening has to 
be carried further in order to make reading impossible for him. In this case 
we say: The two persons have the same space sense, i.e., the same suscep- 
tibility of the retina for impressions of forms, but they have a different light 
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sense (L)—i.e., a different susceptibility for impressions of brightness and 
of differences of brightness. 


The light sense can be tested in various ways. We determine either the lowest limit 
of illumination with which an object is still visible (minimum stimulus) or the smallest 
difference in brightness which can still be appreciated (minimum of differentiation). The 
most usual method of measuring the light sense is with Férster’s photometer, which gives 
the minimum stimulus. This instrument, which is represented in horizontal section in 
Fig. 40, is placed in a perfectly dark room. A box, A, blackened on the inside, bears on 
its anterior wall two apertures for the two eyes, a and ai, which look through these aper- 
tures at a plate, 7, which is placed 
upon the posterior wall, and upon 
which large black stripes upon a 
white ground are placed as test ob- 
jects. The illumination is pro- 
duced by a normal candle,’ L, the 
light from which falls through a 
window, F, into the interior of the 
box. In order to make the illumi- 
nation perfectly uniform, the win- 
dow is covered with paper which 
is made translucent (by impregnat- 
ing it with fat). Byascrew, S, the 
size of the window can be altered 
from complete closure up to an aperture of five centimeters square. In this way the 
illumination of the plate is varied. The patient is first made to look into the apparatus 
with the window closed and the plate therefore unillumined. Then the window is slowly 
opened until the stripes upon the plate can be recognized. The size of the opening 
requisite for this purpose gives a measure of the light sense of the person examined. 
In conducting this examination the precaution must be adopted of making the person 
that is examined stay beforehand in darkness. If we come from daylight into a mod- 
erately darkened room we see so little for the first moment that we cannot move about 
without stumbling over the objects in the room. The longer we remain in the latter the 
better we see, and at last perhaps see well enough to be able to read. This [complete 
adjustment of the eye to the surrounding illumination] we call adaptation of the retina 
land, according as the eye is adjusted for the dark or for bright light, we speak of dark- 
adaptation or scotopia (Parsons) and light-adaptation or photopia]. In the examination 
of the light sense, a period of adaptation of ten minutes, which the patient must pass 
with bandaged eyes in a perfectly dark room, is sufficient for practical purposes. [A 
better instrument than Forster’s is the adaptometer of Nagel.—D.] 

The examination of the light sense in different diseases has shown that it is not 
always by any means diminished in proportion to the visual acuity, but is sometimes but 
little diminished, sometimes excessively so, a circumstance from which diagnostic points 
may be gathered. The diminution of the light sense is greatest in those cases which are 
characterized as hemeralopia (see § 569). 

[The sensitiveness of the fovea to light is less than that of the periphery of the retina. 
(See §§ 113 and 569).—D.] 

118. Simulation of Blindness.—In testing the function we shall at 
times have to reckon with the fact that the patient is purposely trying to 
lead the physician astray by simulating blindness or weakness of sight when 


3 [I.e., one of one-candle power.—D.] 


Fie. 40.—PHOTOMETER OF FORSTER. 
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these do not exist. This most frequently occurs with those persons who 
wish to be relieved of military service or who wish to get damages for an 
accident. Quite similar are the symptoms in hysteria, in which, however, 
it is not a question of intentional deception, but of unconscious imagination. 


We are first led to suspect simulation by the lack of agreement between the results 
of the functional testing and of the objective examination; an eye, for example, which is 
alleged to be perfectly blind presenting no pathological changes of any sort. Or the tests 
of the individual functions give contradictory results, inasmuch as the visual acuity, the 
field of vision, the color sense, etc., do not stand in the right relation with each other and 
with the result of the objective examination. In children it often happens that the 
vision, ostensibly very poor, is at once rendered normal by placing the weakest concave 
glasses or even plane glasses before the eyes. Various methods of examination have been 
proposed for furnishing a certain proof of simulation; we shall accomplish this more or 
less readily by their aid according to the degree of skill of the simulant. Only some of 
these methods need be here adduced. 

Complete blindness of both eyes is rarely simulated; much oftener it is simply unilat- 
eral blindness that is alleged; and still more frequently a feebleness of sight actually pres- 
ent in one eye is exaggerated. In the case of an alleged complete blindness of one or both 
eyes we regard in the first place the reaction of the pupil to the light. 1f this is well pre- 
served, it will always afford a strong ground for suspecting simulation, although there 
are rare cases in which in the presence of actual blindness the pupillary reflex for light 
is still retained (see §318). Schmidt-Rimpler recommends the following procedure: The 
patient is made to look with the blind eye at his own hand, which he holds in front of him. 
A blind man will do this without hesitation, since he is informed of the position of his 
hand by the sense of feeling; a malingerer will perhaps look purposely in the wrong direc- 
tion. Simulated unilateral blindness can also be discovered in the following way: A 
lighted candle is brought in front of the good eye and is slowly carried toward the side 
of the blind eye. The patient is detected if he declares that he still sees the candle at the 
moment when it is just concealed from the sound eye by the dorsum of the nose (Cuignet). 

A number of methods are of service in detecting the simulation of unilateral blind- 
ness or amblyopia. These mostly depend on the fact that one does not perceive with 
which of his two eyes he is seeing, if both eyes are kept open when the tests of sight are 
made. A man could get at this, if his two eyes were equally good, only by quickly closing 
one eye or the other for a moment while the sight was being tested, and care must, there- 
fore, be taken that this is not done by the person who is being tested for simulation. 

1. We make the patient read, and then hold a pencil in a vertical direction between 
the eye and the book. If there is vision with only one eye the pencil conceals certain 
words from it, and thus interferes with reading. If, however, there is good vision with 
both eyes, those letters which are concealed from one eye by the pencil are visible to the 
other, and vice versa, and reading is carried on without difficulty (Cuignet). 

2. A convex glass of 6 D is placed before the sound eye. In this way the eye is made 
artificially myopic, so that its far point lies at a distance of about 17 em. (it being pre- 
supposed that the eye is emmetropic). The eye can therefore read fine print only at a 
distance of 17 em. or less, but no farther, After placing the glass before the eye we first 
make the patient read at quite a short distance, and then slowly and imperceptibly move 
the book farther and farther away. If it is possible in this way to withdraw the book 
considerably farther than 17 em. without the patient’s ceasing to read, it proves that he 
has been reading with the eye alleged to be bad. That is, he began reading with the good 
eye and, when the book was carried too far off for that, continued with the other eye, with- 
out noticing the alternation in the employment of the two eyes. 
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3. We make a show of occupying ourselves with the sound eye only. We take a 
strong prism (one of 18 A), with the base up, and, first holding it in front of the cheek, 
push it gradually up in front of the eye. Before the base has reached the center of the 
pupil the eye will see double. For two images of every external object will be thrown 
upon the retina, one transmitted through the free half of the pupil, the other through 
the half covered by the prism, and the eye sees double the object upon which it is fixed 
(monocular diplopia)—a fact which the patient will admit without hesitation, since, of 
course, it is the sound eye only that is concerned in the matter. Now the prism is imper- 
ceptibly pushed along until it covers the entire pupil. Now the eye that is provided with 
the prism again has only one single retinal image, which, however, is thrown upon a 
higher point of the retina than is the case in the other eye. If aow there is still double 
vision (binocular diplopia), it is a proof that both eyes see. If we use the test types for 
this examination and compel the person under examination to read sometimes the upper, 
sometimes the lower of the two double images, we can determine directly the visual 
acuity of each eye separately without the patient being aware of it (Alfred Graefe and 
Baudry). 

4. Snellen has constructed a board with test types which are alternately red and 
green. Before the patient is allowed to read it, a pair of spectacles is put upon him, in 
which are introduced a red glass for one eye and a green glass for the other. Through 
the red glass the red letters alone, and not the green, can be seen, because green is the 
complementary color of red, and therefore green rays are not transmitted through red 
glass. For the same reason the red letters cannot be perceived through the green glass.4 
If, therefore, any one who is blind in one eye looks through these spectacles at the test 
types, he will read off only the red, or only the green letters, according as the red or the 
green glass of the spectacles is placed in front of the eye which alone can see. He will 
not once suspect that still other letters of a different color lie between the letters that he 
has read. Should the patient, on the other hand, read all the letters, it proves that he 
sees with both eyes and in such a way as to recognize the red letters with one eye and 
the green with the other. 

[5. Letters are written on white paper with a black and a red pencil alternately. The 
subject under examination is then told to read the writing rapidly, while a red glass is 
held before the sound eye. If he reads the whole correctly, it is a proof that he is able 
to read with the eye alleged to be blind, for the sound eye, looking through the red glass, 
cannot see the red letters since these now offer no contrast to the background upon which 
they are viewed, which appears as red as they.—D.] 

(6. In the methods above given the malingerer may readily outwit us if during the 
examination he slyly closes the alleged poor eye and thus gets an idea of how he ought 
to see were it really poor. We can prevent this trick if we make him read out loud, and 
then, while he is reading quite fast and is wholly occupied with what he is doing, suddenly 
place a prism of 3 A or 4 A with the base down before the poor eye. Of course, we make 
sure in doing so that the eye is open at the time. Now, if the eye is really very poor 
sighted, it will make little difference to him whether the prism is placed before it or not, 
and hence he will read on as before; but if he sees fairly well with this eye the interposi- 
tion of the prism will cause very great confusion by the production of superimposed 
double images and he will at once involuntarily pause and stumble in his reading and 


perhaps will be unable to go on at all—D.] 
For the tests of the motility of the eye and of binocular vision, see § 672. 


i ‘ a 2 : a laced upon an opaque 

- f Snellen’s the red and green letters are transparent and p j 

ground ee here before a window so as to be seen by transmitted light. In this case, as stated 

in the text, only the red letters are seen through the red glass, and only the green through the green 
: Z d and green letters are opaque, and placed on a dull black ground, 


: ill occur if the re ure ] ull | kK ert 
Ona viewed Ae ciloated light. In either case the conditions are opposite to those wiiel aes Oe he 
test next mentioned, in which opaque red letters are viewed by reflected light on a white ground.—D.] 
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CHAPTER I 
DISEASES OF THE CONJUNCTIVA 


ANATOMY 


119. THE conjunctiva coats the posterior surface of the lids and the an- 
terior surface of the eyeball. It forms a sac, the conjunctival sac, which is 
slit open anteriorly in a line corresponding with the palpebral fissure. In the 
conjunctiva we distinguish three divisions. That part of the conjunctiva 
which covers the posterior surface of the lids and which is closely adherent 
to the tarsus is called the conjunctiva tarsi; that division which coats the 
anterior surface of the eyeball is the conjunctiva bulbi. The connection 
between the two is formed by the third division, which we name the transi- 
tional portion of the conjunctiva (conjunctiva fornicis). That region where 
the conjunctiva is reflected from the lids to the eyeball and which forms 
the bottom of the conjunctival sac is called the fornix conjunctive. 

We get a view of the conjunctiva tarsi in the living eye by everting 
the lids. It has a smooth surface and is intimately and immovably adhe- 
rent to the subjacent tarsus (Fig. 41, k). (It is therefore impossible to 
cover up losses of substance of the palpebral conjunctiva by performing 
an operation to draw the adjacent conjunctiva over them, as is often done 
with the conjunctiva bulbi.) On account of its thinness, the conjunctiva 
tarsi allows the Meibomian glands, which lie in the tarsus itself, to be seen 
through it clearly. 

The microscope shows that the conjunctiva of the lids as well as that 
of the fornix is covered with a laminated cylindrical epithelium. The 
that is, even in the 


mucous membrane proper is of adenoid character 
healthy state it contains an abundant quantity of lymphocytes, which 
notably increase in number with every inflammation of the conjunctiva. 
The palpebral conjunctiva contains small glands, which are found partly 
along the convex border of the tarsus (Fig. 41, w), partly in the fornix 
conjunctive (Krause’s glands, Fig. 41, kr). In structure these resemble 
the lachrymal gland. 

The conjunctiva of the upper lid obtains its blood supply from two 
arterial arches, the arcus tarseus superior and the arcus tarseus inferior. 

The arcus tarseus inferior (Fig. 42, a7) lies on the anterior surface of 
the tarsus close to its lower border. To reach the conjunctiva its branches 
perforate the tarsus through its entire thickness from before backward, 
2 to 3 mm. above the free edge of the lid (Fig. 42, rp). The line along 


which the vessels come out along the tarsus is marked by a shallow furrow 
133 
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(sulcus subtarsalis) on the conjunctival surface of the lid. The arcus 
tarseus superior (Fig. 42, as) lies a little above the upper border of the 
tarsus upon the fascia tarso-orbitalis, which runs from the tarsus to the 
margin of the orbit and through which the branches of the arcus superior 
pass to the conjunctiva. On the lower lid there is but one arterial arch. 


In the epithelium of the conjunctiva, particularly in its uppermost layers, are found 
cells which are undergoing a mucous metamorphosis (beaker cells). They oceur but 
sparsely i in the normal conjunctiva, but multiply to a great extent in inflammatory dis- 
orders of the latter. 

Thé conjunctiva of the tarsus rises in low papille, over which, however, the epithel- 
ium passes undimpled so that the surface of the conjunctiva is smooth. This continues 
so up to the convex border of the tarsus, where not only are the papille higher, but the 
surface of the epithelium dips down between the papille, forming sulci so that the papille 
become visible as distinct structures and the surface of the conjunctiva acquires a slightly 
velvety appearance. The extent to which these papille are developed shows great indi- 
vidual variations, and the line between a physiological and a pathological state cannot 
be sharply drawn. The conjunctiva is exposed to external influences more than any other 
mucous membrane, and hence in every man attacks of hyperemia occur in it often in the 
course of life, and these may ultimately result in a permanent alteration of the membrane. 
This is probably also the cause of the variations in degree of the adenoid structure of the 
conjunctiva. Small quantities of plasma cells, and small nodules consisting of lym- 
phocytes, are present in the healthy conjunctiva, but these become increased as a result 
of the state set up by repeated irritation. The like is true of the inconstant, but still 
very frequently seen tubular depressions lined with cylindrical epithelium which are called, 
after their discoverer, Henle’s glands (Fig. 51, d). Furthermore, in middle and advanced 
life there are found, frequently in the retrotarsal fold, less often in the palpebral con- 
junctiva, little yellow dots resembling the infarcts of the Meibomian glands ( § 606). 
This again is an instance of the new formation of tubular glands, in which develop con- 
cretions that are visible through the conjunctiva under the form of yellow dots. 


120. The conjunctiva of the region of transition [retrotarsal fold] is very 
readily brought to view in the lower lid by drawing the lid down while the eye 
looks up. In the upper lid the retrotarsal fold is harder to see. To see it, we 
draw the lid by. the lashes, well down and [then] away from the eyeball, and 
then, by means of a slender rod placed beneath the eyebrow, press the skin 
of the lid down until the retrotarsal fold protrudes. [See also page 77.| 

The retrotarsal fold is the most lax portion of the conjunctiva, the 
latter being here so abundant that it lies in horizontal folds. This arrange- 


‘EXPLANATION OF Fra. 41. _—_PunpayptcuLan SwHCTION THROUGH THE U PPER Lip. "Magnified Pon 


The skin of the lid presents in the upper part asulcus, defining the overhanging fold, d; below, it 
covers the anterior edge of the lid, ». Inthe skin are found minute hairs, e, sweat-glands, a, and on the 
anterior edge of the lid the cilia, c, ¢, c. Adjoining the latter are sebaceous glands (Zeiss’s glands); in 
front of the hair papilla of the most posterior cilium is seen the transversely divided tube of a modi- 
fied sweat- els und (Moll’s gland), the exeretory duct of which runs down along the cilium and empties 
into the hair follicle. Beneath the skin lie the transversely divided bundles of fibers of the orbicu- 
laris muscle, 0, of which those placed most posteriorly at r form the musculus ciliaris Riolani. The 
posterior surface of the lid is covered by conjunctiva which is intimately adherent to the subjacent 
tarsus, k, and over the latter presents isolated papille especially in the space between k and w, cor- 
responding to the upper (convex) border of the tarsus. Still higher up in the vicinity of the fornix, 
f, the conjunctiva shows an adenoid character. The Meibomian glands have their orifices in front of 
the posterior edge of the lid, h; above them lie the branched tubular glands, w, w, ane still higher up 


Krause’s glands, kr, and in front of the latter Miller’s musculus tarsalis superior, ¢, and the levator 
palpebre superioris, /. From the latter leashes of fibers pass between the muscular bundles of the orbie- 
ularis to the skin of the lid. z, lax connective tissue; as, the arcus tarseus superior. Above the roots 


of the cilia is seen the cross section of the areus tarseus inferior. 
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ment insures the eye its free power of movement. If the conjunctiva were 
to pass directly from the lid to the eye, as is sometimes observed in con- 
sequence of disease of the conjunctiva, every movement of the eyeball 
would be transmitted to the lids; and if one of the lids was held still with 
the finger, the eyeball would be hampered by it in its movements. But 
the conjunctiva is present in such quantity at the fornix that the eye 
is able to move in complete independence of the lids, the folds in 
the region of transition being smoothed out or crumpled together, as 
the case may be. Appearing through the lower fold of transition are 
the extensive subjacent plexus of veins and also the white glistening 
fascia. Its lax character and also its abundant blood supply render the 
fold of transition particularly liable to great swelling in inflammations of 
the conjunctiva. 

121. The conjunctiva bull covers the anterior surface of the eyeball. 
It has no aperture corresponding to the cornea, but continues, even if 
with altered character, over the latter. This continuity of the conjunctiva 
makes it plain to us why morbid processes of the latter do not stop at the 
margin of the cornea but are continued upon the surface of the latter, as 
we see very clearly in trachoma and in conjunctivitis eezematosa. The 
two divisions of the conjunctiva bulbi are distinguished as the conjunctiva 
sclere and conjunctiva corner. The conjunctiva corner is perfectly 
transparent, and is so intimately adherent to the cornea proper that it 
must be regarded as the uppermost layer of the latter, and is better treated 
of at the same time with the cornea itself (see § 188). 

122. The conjunctiva sclere covers the anterior segment of the sclera 
in the form of a thin pellicle. It is connected with the sclera by lax con- 
nective tissue (the episcleral tissue) so loosely that it can readily be moved 
about from side to side upon the sclera. It is 
only at the periphery of the cornea, where it ends 
in a sharp edge, the limbus! conjunctive, that 
the conjunctiva sclere is intimately adherent to 
its substratum. It is very thin and elastic and 
lets the white sclera be seen through it plainly, 
thus forming the ‘‘white of the eye.” In old 
people there is an area at the inner and the outer 
margins of the cornea which contrasts by its 
Fra. 42.—Anrentes ov nae UPPER yellow color with this whiteness. This has the 

| TCLS. aes a shape of a triangle with its base at the corneal 
arous tareeus inferior; rp, rami Margin, and projects a little above the rest of 
the conjunctiva. It is called the interpalpebral 

spot or the pinguecula, and is produced by the fact that that part of the 
conjunctiva which, being included in the interpalpebral fissure, is constantly 
exposed to atmospheric influences, has undergone an alteration in its tissues. 


Q6, —--------------p 


1 Limbus, hem. 
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The conjunctiva sclere is covered with laminated pavement epithe- 
* lum and contains no glands. At the inner angle of the eye it forms a cres- 
centic duplication, the semilunar fold (plica semilunaris), which repre- 
sents an abortive remnant of the palpebra tertia (nictitating membrane) 
of animals. To the inside of the semilunar fold is a small, reddish, nipple- 
like prominence, the caruncle (caruncula? lacrimalis), which occupies the 
bottom of the horseshoe-shaped excavation at the angle of the eye (Fig. 
60, C). This is shown to be histologically a small island of skin, containing 
sebaceous glands, sweat glands, and small glands like Krause’s glands and 
having its surface covered with minute light-colored hairs. 


This interpalpebral spot owes its name pinguecula’ to its yellow color, which was 
formerly referred to deposition of fat in the conjunctiva. What actually is present, 
however, is a thickening of the conjunctiva, due chiefly to an increase in the number 
and size of its elastic fibers. Associated with this is the formation of numerous con- 
cretions of a yellowish hyaline substance, to which in fact the pinguecula owes its yel- 
low color. As a result of these changes, the conjunctiva in this place becomes less trans- 
parent, for which reason the pinguecula appears most prominent when the conjunc- 
tiva bulbi is markedly reddened, whether from injection or from extravasation of blood. 
In this case the pinguecula does not allow the red color of the blood to shine through 
as plainly as does the adjacent conjunctiva that is not thickened, and the former, there- 
fore, stands out from the red substratum in the form of a light-colored triangle, so that 
by beginners it is easily confounded with a diphtheritic infiltration of the conjunctiva, 
or, when the yellow color is pronounced, with a small pustule. 


123. Conjunctival Vessels——The conjunctiva of the eyeball receives 
its blood-vessels chiefly from the vessels of the retrotarsal fold—the posterior 
conjunctival vessels (Fig. 43, h and h:). Furthermore, the anterior ciliary 


H 


Fig. 43.—B.ioop-VesseLs oF THE ANTERIOR SEGMENT OF THE Eyn. ScuEMATIC. (After Leber.) 


The posterior conjunctival vessels, h and 1, communicate with the anterior conjunctival vessels, », 
which come to meet them and which are branches of the anterior ciliary vessels, c and c1; and with the 
latter form the marginal network in the limbus. n, Schlemm’s canal; H, cornea; B, conjunctiva; R, 


one of the recti muscles; L, lens. ; ; 
vessels (Fig. 43, c and c:) take part in supplying the conjunctiva with blood. 
These vessels come from the four recti muscles (F, Fig. 43) and run under 
the conjunctiva (through which they are visible, shining with a bluish 


° 2 Caruncula, dim. of caro, flesh. % Pinguis, fat. 
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luster) until near the edge of the cornea, where they suddenly disappear, 
since they pass through the sclera into the interior of the eye. But before 
this happens, they give off branches which end in vascular loops, in the 
limbus conjunctive directly at the margin of the cornea (marginal network 
of the cornea,—Fig. 43, r and Fig. 44). This latter is of great importance 
for the cornea, which is chiefly dependent upon it for its nutrition. Other 
branches of the ciliary vessels (anterior conjunctival vessels, Fig. 43, v) run 
backward in the conjunctiva toward the posterior conjunctival vessels 
(hhy) and anastomose with them. 


iS > i 
> \! 


Fie. 44.—Marainat NeETwork IN THE Limsus. (After Leber.) 


The arteries are drawn in light color, the veins dark. In the marginal loops can be distinguished the 
thinner arterial and the thicker venous segments. 


We have therefore in the conjunctiva two vascular systems—that of 
the posterior conjunctival vessels and that of the anterior ciliary vessels. 
According as the one or the other system is overdistended with blood, the 
conjunctiva has a different aspect, which we designate respectively as 
conjunctival and as ciliary injection. 

Conjunctival injection presents to us a superficially disposed network 
of larger and smaller vessels, whose situation in the conjunctiva is proved 
by the fact that when it is moved about they move with it. The color of 
the injection is a vivid scarlet or brick-red; the individual vascular meshes 
are plainly to be recognized. This injection is characteristic of diseases 
of the conjunctiva itself. 

Ciliary injection occurs as a rose-red or pale-violet zone round the 
cornea (hence the designation peri- [cireum-] corneal injection), in which 
we are unable to recognize clearly any individual vessels. With injection 
of greater intensity we see, still farther removed from the cornea, a coarser 
network of vessels, which are to be recognized as deeply placed by their 
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violet color and their hazy appearance; by the fact, moreover, that when 
the conjunctiva is displaced over them they do not move with it. Ciliary 
injection is most markedly distinguished from that of the conjunctiva by 
its violet hue as well as by the diffuse appearance of the redness, due to 
the fact that the individual engorged vessels can be made out but indis- 
tinetly or not at all. Ciliary injection most frequently accompanies 
diseases of the cornea, and also of the iris and the ciliary body, parts which 
belong to the vascular district of the anterior ciliary vessels. On account 
of the numerous anastomoses between the two vascular districts of the 
conjunctiva, we find both injected in every inflammation of any great 
violence in the anterior section of the eyeball; even then, however, it is 
still generally possible to recognize, along with the superficial conjuncti- 
val injection, the ciliary injection, more deeply situated and directly sur- 
rounding the cornea. 

[The distinction between deep and superficial injection may be made 
with adrenaline, which temporarily dispels the latter and does not greatly 
affect the former.—D.] 


[INFLAMMATION OF THE CONJUNCTIVA 


124. Inflammation of the conjunctiva—conjunctivitis—comprises. 
many forms, some etiologically distinct, like gonorrhceal and diphtherial 
conjunctivitis, others clinically well defined but of complex or uncertain 
etiology. The clinical classification is followed here.—D.] 


I. CoNJUNCTIVITIS CATARRHALIS 


(a) Conjunctivitis Catarrhalis Acuta 


125. Symptoms.—Acute conjunctival catarrh, in the lighter cases, 
chiefly affects the conjunctiva of the lids and of the region of transition. 
The conjunctiva of the lids presents a vivid redness and is relaxed. The 
injection is usually reticulate—i.e., the separate vessels can still be dis- 
tinguished as such; it is only when the injection is especially dense that 
the conjunctiva acquires a uniformly red appearance. The surface of the 
conjunctiva is smooth; catarrh is thus distinguished from some other 
forms of inflammation of the conjunctiva in which the latter is infiltrated 
and subsequently hypertrophied, as shown by the unevenness of its sur- 
face. The retrotarsal fold (as well as the plica semilunaris) is likewise 
greatly reddened and is somewhat swollen, while the conjunctiva bulbi 
shows little or no change. 

The severe cases are distinguished from the lighter ones by the fact 
that the process invades the conjunctiva bulbi [and sometimes the cornea, 
too. These severe forms occur especially in epidemics of conjunctivitis]. 
The redness and swelling of the palpebral conjunctiva are greater, and 
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moderate cedema of the lids is often present at the same time. The con- 
junctiva of the eyeball shows both a dense reticulate reddening and a 
slight degree of swelling. Very frequently [especially in the form caused 
by the Koch-Weeks bacillus] we find in the midst of the reticulate injection 
red-colored spots—i.e., small hemorrhages, ecchymoses of the conjunctiva 
—produced by the rupture of small vessels. The severer cases, in which 
the conjunctiva is affected throughout its entire extent, are designated 
under the name of ophthalmia catarrhalis, to distinguish them from the 
lighter forms, which are named simply conjunctivitis catarrhalis; and if 
at the same time there is a specially marked swelling of the retrotarsal 
fold, as occurs particularly in the epidemic form, it is called “tumid ca- 
tarrh.’’* [Such chemosis is specially marked in cases due to the pneumo- 
coccus (Butler). Moreover, in severe cases of pneumococcus infection 
and sometimes also in other forms of infection, if specially virulent, there 
may be a formation of false membranes.—D.]} 

Inflammation of the conjunctiva is accompanied by increased con- 
junctival secretion. This secretion appears under the form of flakes of 
mucus, swimming in the abundant lachrymal fluid. The more intense 
the inflammation the greater the secretion, and the more the character 
of the latter changes from mucous to purulent. Violent cases of ophthal- 
mia catarrhalis, therefore, are in their inception often hard to distinguish 
from an acute blennorrhcea of slight intensity, although, of course, the 
subsequent development of the case makes the diagnosis clear. The 
secretion which exudes from the palpebral fissure dries at night upon the 
edges of the lids and glues them together. 

The subjective symptoms consist of photophobia, and of itching and 
burning of the eyes. The intensity of the annoyance given depends natu- 
rally upon the degree of inflammation. Violent pain, however, is but 
rarely present, and then, as a rule, is excited, not by the catarrh itself, but 
by its complications (especially ulcers of the cornea). [The same is true 
of photophobia, which occurs most frequently in cases with corneal in- 
volvement and as a result of improper treatment, such as bandaging the 
eye.]| A very troublesome sensation frequently present is that of a foreign 
body being in the eye, and is caused by flakes and filaments of tough 
mucus in the conjunctival sac. If such filaments lie upon the cornea, they 
produce the disturbances of sight of which the patients sometimes com- 
plain. These are distinguished from visual disturbances of more serious 
character by the fact that clear vision is immediately restored by brushing 
the mucus off with the lids. It is a characteristic feature of catarrh that 
all its disagreeable characters are least pronounced in the morning, and 


afterward gradually increase until they reach their highest point in the 
evening. 


‘(There is no good English equivalent for the German “ Schwellungskatarrh.”—D ] 
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126. Course and Prognosis.—The prognosis is favorable in uncompli- 
cated cases, the inflammation disappearing spontaneously after from eight 
to fourteen days. Not infrequently, however, there remains a condition 
of chronic inflammation (chronic conjunctival catarrh), which, to be sure, 
causes less annoyance than the acute stage but, on the other hand, is pro- 
tracted over a long time. In the majority of cases acute conjunctival 
eatarrh attacks both eyes, and either both simultaneously or one eye a 
few days after the other. 

The complications which are observed in catarrh are corneal ulcers 
and iritis. The development of corneal disease is manifested by an increase 
in the pain and photophobia. At first we recognize, in the neighborhood 
of the corneal margin, small gray points, which are arranged in a row con- 
centric with the corneal margin. The next few days, these punctate infil- 
trations of the cornea become more numerous and at length confluent, so 
as to form a small gray crescent. By a process of superficial disintegration 
an excavation is produced, so that finally a crescentic ulcer.is formed, 
situated very near the corneal margin and concentric with it. Such ulcers 
are characteristic of conjunctival catarrh and are hence called catarrhal 
ulcers. Ordinarily the ulcer becomes clean quickly and heals, leaving 
behind it a slight arcuate opacity; in cases, however, that are of special 
intensity, perforation of the cornea may occur. [For other varieties of 
corneal ulcers occurring in conjunctival disease see § 206.—D.| 


From the clinical picture of acute conjunctival catarrh, as sketched above, we 
sometimes find variations forming what are described as special varieties of catarrh. 
Among these variations belongs the devlopment of so-called follicles, which will be 
described more precisely in § 133. Another variety of catarrh is vesicular catarrh, in 
which the conjunctiva of the tarsus is covered with numerous minute elevations, look- 
ing as if fine sand had been scattered over a moist glass plate (Arlt); according to May- 
weg what we have to do with here is very small follicles. A third variety of catarrh is 
that to which is given the name of the pustular form. In this, flat elevations develop 
upon the conjunctiva bulbi, mostly near the margin of the cornea. These break down 
into pus on their surface, and in this way are formed grayish or yellowish ulcers with 
somewhat elevated base and of the size of a millet seed or more. These have a great 
resemblance to the efflorescences occurring in conjunctivitis eczematosa (§ 157). The 
distinction between the pustular form of catarrh and conjunctivitis eczematosa con- 
sists in the fact that in the former the phenomena of catarrhal inflammation are pres- 
ent in the conjunctiva of the lids and of the retrotarsal fold, while in conjunctivitis 
eczematosa these divisions of the conjunctiva take little or no part in the inflammation. 
Many regard this form as a mixture of conjunctivitis catarrhalis and conjunctivitis 
eczematosa. And, as a matter of fact, we must take this view into consideration in our 
treatment, inasmuch as in the beginning of the disease the application of the silver solu- 
tion ordinarily proves to be the best thing, but later, after the more violent inflamma- 
tory phenomena have run their course, calomel is of the most service. 

The three varieties of catarrh just named are seen chiefly in children or in adoles- 
cents. In adults, on the contrary, we encounter much more frequently the crescentic 
ulcers of the cornea which result from catarrh, bui which are rarely observed in children. 

[Special varieties of conjunctivitis, marked by their severity, are: Squirrel-plague 
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conjunctivitis, a very severe conjunctivitis transmitted from squirrels and attended 
with general symptoms (fever, glandular enlargements) and with the formation of 
necrotic ulcers in the palpebral conjunctiva; and Samoan conjunctivitis (conjunctivitis 
samoensis), an acute infectious disease, marked by rapid onset, severe pain, photo- 
phobia, intense conjunctival inflammation, soon becoming purulent, and a tendency 
to corneal destruction (Ely).—D.] 

{In Europe and America the course of conjunctivitis is that described above. In 
the Near East, where conjunctivitis is extremely prevalent, untreated cases, are apt 
to drag on for months, and cases due to pneumococcus or mixed infection resist treat- 
ment. Cases due to the Koch-Weeks bacillus are readily cured, but tend to relapse; 
those due to the Morax-Axenfeld diplobacillus tend to become chronic, but are amen- 
able to treatment (Butler).—D.] 

The complications above mentioned are observed only in severe cases—that is, onlyin 
ophthalmia catarrhalis. They very often owe their existence to faulty treatment of the 
catarrh. Among the laity, all sorts of household remedies are in use for inflammation of 
the eyes, such as the application of raw meat, or of bread soaked in milk, or of cooked 
onions, or a bathing with urine, etc. Such remedies are well adapted to increase the in- 
flammation and produce complications. [Involvement of the cornea is specially common 
in infection by the pneumococcus and in certain mixed infections. _Pneumococcus infec- 
tion quite often produces the very serious ulcus serpens cornee (see § 217).—D.] 

127. Etiology.—Acute conjunctival catarrh in the majority of cases is 
certainly produced by bacteria, whose multiplication in the conjunctival 
sac induces the inflammation of the mucous membrane. The source of the 
morbid germs varies. They may be transferred from a diseased to a healthy 
eye; that is, the catarrh may be produced by contagion. This is eminently 
probable in the case of epidemics occurring in the same family or the same 
house. [Infected handkerchiefs, towels, etc., may spread the disease; in 
other cases the transfer may be effected by flies.]| At certain times, espe- 
cially in the spring, when so many people are attacked by catarrhs of the air 
passages, by coryza, coughs, etc., conjunctival catarrhs, too, are generally 
present in especially great number and many patients with conjunctival 
catarrh also have at the same time a coryza, in the secretion from which not 
infrequently the same bacteria are demonstrable as in the conjunctival 
secretion. In that case the disease, apart from direct transfer, can be spread 
by particles thrown out in sneezing, coughing, ete. At such times real epi- 
demics of conjunctival catarrh occur, and under these circumstances it is 
the violent form (ophthalmia catarrhalis) which is prevalent. [In Palestine, 
conjunctivitis, which occurs endemically during the winter months, assumes 
in the summer an epidemic form with marked aggravation of the symptoms. 
Both forms seem to be produced by the same causal agents (Koch-Weeks 
bacillus, pneumococcus, gonococcus), which, however, in summer receive an 
access of virulence (Butler)—D.] It is further possible that pathogenic 
germs which are sometimes already present in the normal conjunctival sac 
may spontaneously multiply so greatly as to excite inflammation. But in 
not a few cases of acute conjunctival catarrh the examination of the secre- 
tions for bacteria proves negative. 
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_ Acute catarrhal conjunctivitis, also called conjunctivitis simplex, may be caused 
by different kinds of bacteria. In the severe cases of ophthalmia catarrhalis, particu- 
larly in those which occur in epidemics, there is found as the cause of the trouble a 
very small bacillus described first by Koch, afterwards by Weeks (Fig. 45). Cases of 
less severity, particularly those which are associated with reddening at the angles of 
the lids (blepharitis angularis) [and which usually run a chronic course], are caused by the 
diplobacillus described by Morax and Axenfeld (Fig. 46). These two bacteria are the 
germs most often found. The pneumococcus occurs in cases of acute conjunctivitis 
in small children, rarely in adults. [It is more frequent in the Near East, where it often 
occasions epidemics.—D.] The streptococcus has been found in cases of catarrh with 
simultaneous disease of the tear sac; the influenza bacillus in epidemics of influenza; and 
the meningococcus in cerebro-spinal meningitis. [The micrococcus catarrhalis, which 
resembles the gonococcus ‘in appearance and staining properties, occurs in some cases, 
especialy of epidemic conjunctivitis, and the diplococcus samioensis is said to occasion 
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Fie. 45.—Kocu-Weexs Baciitvus. (After Weichselbaum-Miller.) Magnified 925 X1. The ba- 
cilli are very small, as is shown by comparison with Fig. 46, which is drawn under a magnification only 
half as great. For the most part the bacilli lie upon the pus corpuscle; at a distance from this can be 


hain of four bacilli. ; . 
ute Pee. 46 “Mons x-Axmurniy's DreLopacitius. Magnified 480 X1. In the coagulated secretion 
lies an epithelial cell and the nuclei of two pus corpuscles. The bacilli are long and thick and are 


connected either in pairs or in fairly long chains. 


Samoan conjunctivitis——D.] In a few cases the cause of the trouble seems to be the 
staphylococcus, the bacterium coli, the bacillus subtilis, Petit’s diplobacillus lique- 
faciens, the pneumobacillus, {[sarcine, and the bacillus tularensis (in squirrel-plague 
conjunctivitis). Petit’s diplobacillus resembles the diplobacillus of Morax-Axenfeld, 
but differs in biologic reactions. It also differs in attacking the cornea primarily 
(Chaine), while with the Morax-Axenfeld diplobacillus involvement of the cornea, if 
it occurs at all, is secondary.—D.] 

To the fact that the flora of the diseased conjunctiva is so manifold must be added 
the further fact that the bacterial finding also varies greatly with the time and place. 
{For example, the Koch-Weeks bacillus is frequent in New York and apparently much 
less so in Chicago, where, on the other hand, the Morax-Axenfeld bacillus appears to 


be common.—D.] Moreover, even the normal conjunctival sac not infrequently con- 


tains pathogenic germs (page 30). i . . 
While the infection which, in all probability, excites the catarrh of the conjunctiva 


comes to the latter from without in most cases, there are also instances in which a poi- 
sonous principle circulating in the blood causes the conjunctival inflammation. This 
is the case in the conjunctival catarrh which accompanies measles, and indeed often 
forms the first prominent symptom of it (see § 164 [and compare also remarks on 
metastatic gonorrhceal conjunctivitis (page 156)]). hs 

In a high degree dependent upon atmospheric influences is that form of acute 
conjunctivitis which accompanies hay fever. This affection, which is pretty frequent in 
certain countries, attacks individuals who are predisposed to it in the beginning of 
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the summer, and makes itself apparent by fever and also by violent catarrhal inflam- 
mation of the conjunctiva and of the air passages. It is probably the result of the direct 
action of a poisonous substance which is contained in the pollen grains of many graminee. 

128. Therapy.—By suitable treatment the duration of a conjunctival 
catarrh can be considerably shortened and the development of a chronic 
catarrh prevented. The sovereign remedy in all the more intense cases of 
catarrh is the cauterization of the conjunctiva with nitrate of silver. This 
should come into contact with the conjunctiva only, and not with the cor- 
nea. In applying it, we evert the lids so that their conjunctival surface 
looks forward. The latter is then brushed over with a 2-per-cent solution 
of silver nitrate and the excess of the solution is quickly washed off with 
lukewarm water or with a weak solution of salt. We now find the surface 
of the conjunctiva covered with a delicate bluish-white pellicle. This is the 
superficial slough which the solution has produced. The immediate result 
of this procedure, which is called painting the conjunctiva, is violent burn- 
ing and marked irritation of the eye, an increase, in short, of all the inflam- 
matory phenomena (stage of exacerbation). After this has lasted from a 
quarter to half an hour, according to the energy of our application, improve- 
ment gradually sets in. An examination of the eye at this time shows that 
the thin slough is separating and is being thrown off in the form of shreds. 
When this is completed, we find the eye paler and the patient feels relieved 
and much less annoyed by his catarrh than was the case before the applica- 
tion of the brush (stage of remission). This improvement lasts from half a 
day to a day, according to the intensity of the catarrh. Then the troubles 
gradually increase again (recrudescence). This is a signal for repeating the 
application. As a rule, it is sufficient to make the application once a day, 
and best in the morning. 

Beginners must particularly avoid making the application too energet- 
ically. If this has been done, the pain that follows the application lasts 
unusually long (for hours), and we find that even after a pretty long time, 
indeed even on the following day; the slough is still adherent in places. This 
is a proof that the sloughing process has penetrated too deeply. If, in spite 
of this, we should repeat the application, we would produce a progressively 
deeper and deeper sloughing of the tissue, and increase the inflammation 
instead of curing it. We must omit the application, therefore, as long as the 
slough is still adherent to any part of the conjunctiva. 

[For silver nitrate may be substituted with advantage one of the 
organic salts of silver, especially argyrol and protargol. Argyrol is said to 
have no bactericidal action, yet clinically it has proved its efficacy, par- 
ticularly when used frequently and in strong solutions. The surgeon may 
apply it with a dropper or with a swab in 30- or even 50-per-cent strength, 
and the patient may drop in a 10- to 20-per-cent solution 2 to 6 times daily. 
Some have thought that the best results are secured by keeping the con- 
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junctiva continually flooded with the solution (immersion method—Bruns). 
So far from having a cauterant or even irritative effect, it is distinctly seda- 
tive, relieving irritation in acute conjunctivitis.—D.] 

[Protargol is more irritating than argyrol, but not as a rule excessively 
so. The surgeon may apply it once a day in 10- to 33-per-cent strength, and 
in addition a 5-per-cent solution may be instilled from 2 to 5 times a day. 
Clinical tests show that protargol is more efficient than argyrol and when 
applied in strong solution is more efficient than even nitrate of silver (But- 
ler). It is distinctly bactericidal —D.] 

[In conjunctivitis due to the pneumococecus good results are obtained 
from ethylhydrocupreine (optochin). A freshly prepared 2-per-cent solution 
of the hydrochloride may be applied with a cotton-tipped applicator or a 
1-per-cent solution may be dropped into the eye every hour or two.—D.] 

For less severe cases of acute catarrh (especially for those produced by 
the Morax-Axenfeld diplobacillus) zinc sulphate is used. Thissis instilled 
once a day in 14-per-cent solution. [It is sometimes effective in 14- or 4- 
per-cent solution, and is often ordered to be instilled two or three times a 
day. On the other hand, not a few cases require the use of 1- or occasionally 
even a 2-per-cent solution. In this strength it is almost a specific for cases 
of diplobacillus infection.—D.] This method of treatment has the advan- 
tage over the application of the silver solution in that it can be employed in 
the case of patients who are not able to visit the physician every day. 

[Corneal ulcers complicating conjunctivitis are treated like corneal 
ulcers in general, but if there is much secretion a bandage should be avoided, 
as, in fact, it should be in conjunctivitis under any condition.—D.] 

When the acute stage of catarrh has started to decline, we change to 
the use of astringent collyria, such as are employed for chronic catarrh, for 
which see page 150. For the agglutination of the lids during the night we 
order an ointment (of boric acid or of white precipitate) to be rubbed at 
bedtime upon the borders of the lids—the eyes being closed. 

In addition to our medicinal treatment of conjunctival catarrh, we 
must not forget to enjoin upon the patient general hygienic rules; telling him 
to keep the eye clean by washing it with lukewarm water, and to avoid 
smoke, dust, and bad air in general, and recommending him instead to pass 
his time in the open air. He must also refrain from straining the eyes much, 
especially in the evening by artificial light. In consideration, too, of the 
possibility of spreading the disease by contagion, the patient must take care 
not to use the same wash basin, towels, etc., as other people. [Physicians 
and nurses handling many cases of acute conjunctivitis should be careful 
to keep their hands clean and protect their own eyes from any germ-carriers 
(soiled handkerchiefs, flies). Where but one eye is affected it is well, fol- 
lowing Butler’s suggestion, to drop a 5-per-cent solution of protargol into 
the other as a prophylactic.—D.] 

10 
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Nitrate of silver, our most important remedy in catarrh, was first employed for in- 
flammations of the conjunctiva by St. Yvesin theeighteenth century, althoughit was in the 
last century that it first found general acceptation. People had a natural dread of instil- 
ling so irritating a liquid as a nitrate-of-silver solution into a violently inflamed eye. In 
fact, in a perfectly sound eye this solution excites violent irritation of the conjunctiva, 
and it is quite possible to produce an artificial catarrh by too frequent application of 
it. How then does it happen that the nitrate-of-silver solution has such a beneficial 
actionin conjunctivalcatarrh? Thedelicatebluish-white pellicle which coversthe conjunc- 
tiva directly atter the application is due to coagulation of the albumin of the cells in the 
upper layers of the epithelium by the nitrate of silver, so that these layers become opaque 
and die. The escharotic process acts like an irritant which increases the existing hyper- 
emia. This not only gives rise to an increase of the annoyance suffered (exacerba- 
tion), but also induces a transudation under the eschar, so that the latter is loosened 
and finally cast off. But when this takes place the micro-organisms contained in the up- 
per layers of the epithelium are thrown off with the eschar and so eliminated from the eye. 

The silver solution finds an extensive application not only in catarrh, but also in 
other affections of the conjunctiva. In regard to it the following hints may be laid to 
heart: (a) Many physicians apply weaker or stronger solutions according to the effect 
which is to be obtained, but we can always succeed with a 2-per-cent solution, since we 
have it in our power to regulate the effect by making a light or penetrating application. 
The application is made with wooden toothpicks wound at one end with cotton, which, 
acting likea brush, takes up the silver solution. The toothpick is thrownaway, after being 
used once. [(b) Too frequent or too energetic application net only causes sloughing of 
the conjunctiva with the formation of permanent cicatrices but in infants may cause pro- 
fuse and persistent hemorrhage.—D.] (c) The application should not be made at night, 
because the secretion, which is poured out more abundantly after the application, would 
be retained in the conjunctival sac by the closure of the lids in sleep. For the same reason 
the eye ought not to be bandaged immediately after the application. (d) Corneal 
ulcers do not constitute a contraindication for making the application; on the contrary, 
they furnish a direct indication for it, in case they prove to be catarrhal ulcers. Only 
still greater care than would otherwise be necessary must be taken to prevent the caustic 
from coming into contact with the cornea. (e) If the treatment of the conjunctiva with 
the silver solution is kept up too long (for some months or a year), there is produced 
little by little a dirty-gray coloration of the conjunctiva, which never afterwards dis- 
appears. This phenomenon, called argyrosis or argyria,® is caused by the fact that silver 
is deposited in the form of an oxide or an albuminate in the tissues of the conjunctiva 
(in its elastic fibers), and can never afterwards be removed. Argyrosis is produced even 
more readily by the constant instillation of the silver solution than by the application 
of the brush, since in the former case the excess of the solution is not removed by being 
washed off but remains in the conjunctival sac. This coloration of the conjunctiva is 
also observed when the conjunctiva is constantly exposed to the action of silver dust, 
as occurs, for example, in many of those who work in silver. 

The organic silver salts may cause argyrosis in the same way as the nitrate if their 
use is kept up too long [for two or three weeks]. 

[One of the great advantages of both argyrol and protargol over silver nitrate is that, 
being non-irritating, they can be applied at any stage of a conjunctival inflammation— 
for example, before suppuration has set in—and that their administration can be largely 
intrusted to the patient himself. Another advantage over silver nitrate and also over 
indifferent detergent solutions is that both argyrol and protargol penterate into all the 
recesses of the conjunctival sac, lodge in them a long time (so as to produce a continuous 


5 From apyvupos, silver. 
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action), and as they gradually exude drive before them the secretion with its contained 
bacteria. They also force their way down the nasal duct, and help to keep the latter 
pervious, thus preventing stagnation of secretions and consequent multiplication of — 
bacteria in the conjunctival and lachrymal sacs.—D., | 

[The secretions mixed with argyrol form coagula, which sometimes act like foreign 
bodies. Hence before instilling argyrol it is well to flush out the eye first with an in- 
different (saline or boric) solution in order to remove all the secretion possible, and a 
few minutes after the argyrol has been instilled wash the eye out again in order to.remove 
the coagula. After this another drop of argyrol should be instilled and left in.—D.] 

Acetate of lead is sometimes used in conjunctivitis, but should never be employed, 
since it produces an intensely white, very disfiguring opacity (leud incrustation), wherever 
the cornea is denuded by ulceration or erosion, 


(b) Conjunctivitis Catarrhalis Chronica 


129. Symptoms.—In chronic conjunctival catarrh the changes objec- 
tively perceptible are on the whole but slightly pronounced. A moderate 
degree of redness of the conjunctiva is present either over the tarsus alone 
or in the retrotarsal fold also. The conjunctiva is smooth and not swollen; 
it is only in old cases that hypertrophy with thickening and.a velvety appear- 
ance of the conjunctiva is developed. The secretion is scanty and makes 
itself chiefly apparent by a gluing together of the lids in the morning. The 
whitish scum often found at the angles of the lids is produced by the lach- 
rymal fluid being beaten up with the secretion of the Meibomian glands into 
a sort of a foamy emulsion, as a result of the frequent blinking of the lids. 
The constant moistening of the skin at this spot often leads to the forma- 
tion of excoriations. In many cases the secretion, instead of being increased _ 
seems even to be diminished. In view of the fact that there is little or no 
increase in the secretion, several authors call many of these cases not by the 
name of chronic catarrh, but by that of hyperemia of the conjunctiva. 

In proportion to the insignificance of the objective symptoms, the 
greater is the attention that has to be paid to the complaints made by the 
patient—in fact, the subjective symptoms are generally so characteristic that 
the diagnosis of chronic conjunctival catarrh can easily be made from them 
alone. The discomfort of the patient is usually greatest at night. The 
heaviness of the lids, scarcely noticeable in the daytime, becomes at night 
so marked that the patient has difficulty in keeping the eyes open; he has 
the feeling of being sleepy. An annoying sensation of there being a foreign 
body—like a speck of dust—in the eye, is produced by the scanty secretion 
which remains in the conjunctival sac in the form of mucous filaments, and 
if these filaments lie upon the cornea the sight is interfered with, or rainbow 
colors make their appearance about a candle flame when looked at. Fur- 
ther unpleasant sensations of various kinds are described, as, for example, 
that the eyes burn and itch; that they are dazzled by the light; that, more- 
over, they are tired out quickly by working; that they blink often, etc. Tn 
the morning the lids are somewhat stuck together, or a little yellowish dried 
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secretion is found to have collected in the inner angle of the eye. In other 
cases there is an annoying sensation of dryness, and the eyes can be opened 
only with difficulty, the patient, at the same time, having the feeling as if 
the lids were stuck to the eyeball because of the lack of moisture (catarrhus 
siccus). These troubles, so various in their nature, do not always by any 
means bear any definite relation to the objective conditions. We see the 
conjunctiva quite intensely reddened in many people without their com- 
plaining in the least; while in others, who do nothing but annoy the physi- 
cian with their expressions of discomfort, there are often scarcely any 
changes perceptible in the conjunctiva. 

130. Course.—Chronic conjunctival catarrh is one of the most frequent 
of ocular diseases, chiefly affecting adults, and especially persons somewhat 
advanced in age. In old people it is almost the rule to find a light grade of 
chronic conjunctival catarrh, which is denominated senile catarrh. The 
duration of conjunctival catarrh is ordinarily a long one; many people suffer 
from it for a great part of their lives. The disease can lead to complications 
which in part produce irreparable changes. Among the most frequent com- 
plications is inflammation of the edges of the lids (blepharitis), resulting 
from the frequent wetting of the palpebral margins by the copiously 
secreted tears. As a further consequence of this wetting with the tears, the 
skin of the lower lid is attacked with eczema or becomes rigid and con- 
tracted, so that the free edge of the lid is no longer in perfect apposition with 
the eyeball. As a result of this the punctum lacrimale no longer dips into 
the lacus lacrimalis, so that the transportation of the tears into the lachry- 
mal sac is impeded, the epiphora increased, and thus again a still further 
injurious reaction upon the character of the skin is produced. In this way 
there is formed a vicious circle, which leads to a constantly increasing 
depression of the lower lid (ectropion). This outcome is still further pro- 
moted by the circumstance that the patient keeps wiping away the over- 
flowing tears, and thus makes with the handkerchief stroking movements 
from above downward, by which the lower lid is drawn down. If the con- 
traction of the skin of the lids which have been moistened by the tears is 
more pronounced in the horizontal direction, blepharophimosis is developed 
(§ 613). Lastly, small ulcerations of the cornea are among the frequent prod- 
ucts of catarrh. 

131. Etiology.—The causes which lie at the foundation of chronic 
catarrh are: 1. A preceding acute catarrb, which, instead of healing com- 
pletely, passes into thechronicstage. 2. General injurious influences of vari- 
ous kinds. Chief among these is bad air, vitiated by smoke, dust, heat, the 
presence of many people, etc. Workers in factories where there is a great 
deal of dust, waiters in inns that are filled with smoke, etc., very frequently 
suffer from chronic conjunctival catarrh. Going late to bed, staying awake 
at night, and the immoderate use of alcoholic beverages are additional pre- 
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disposing factors. Persons who already suffer from chronic conjunctival 
catarrh find that the latter is made considerably worse after the action of 
any injurious influence of this sort—for example, after an evening spent at 
the theater or in a smoky place. So also the constant action of the wind and 
bad weather frequently causes eatarrh in farmers, coachmen, etc. For the 
same reason, too, eyes which are very prominent (goggle eyes), or whose 
lids are retracted (lagophthalmus), are attacked by catarrh, because they 
are too little protected against the air. The effect which constant contact 
with the air exerts upon the conjunctiva is best shown in ectropion, in which 
the conjunctiva tarsi, where it lies bare, becomes very much reddened and 
thickened, and velvety or even covered with large prominences. The con- 
junctiva bears continued exclusion from the air as little as it does constant 
contact with it, on which account chronic catarrh sets in when bandaging 
of the eye is kept up for a long time. 3. Excessive straining of the eyes, 
especially in hypermetropic or astigmatic persons, can result in chronic 
eatarrh. 4. Local injurious influences. Here belongs irritation of the con- 
junctiva by foreign bodies lodging in the conjunctival sac, among which, 
using the term foreign bodies in the wider sense of the word, are to be reck- 
oned cilia which are turned in toward the eye. In most cases the local injur- 
ious influence consists of some other disease of the eye, that induces catarrh 
as a sequela, as, for example, blepharitis or infarction of the Meibomian 
glands. Accumulation of the tears, as a result of disease of the tear sac, or 
because the punctum lacrimale does not dip properly into the lacus lacri- 
malis, is a frequent cause of catarrh, so that we should never forget to look 
for an infection of the tear passages in unilateral catarrh. We say unilat- 
eral, for catarrh produced by local causes is distinguished from that due to 
general injurious influences in this respect, that the former is very fre- 
quently unilateral, while in the latter, from the nature of the case, both 
eyes are generally affected. 

In many cases of chronic catarrh there is found in the scanty secretion 
as the exciting cause of the inflammation the diplobacillus of Morax-Axen- 
feld, which, on page 143, was noted as the cause of acute conjunctivitis, but 
which much more often causes a catarrh that is chronic from the start. 
These cases are often distinguished by a marked redness of the skin at the 
angles of the eye [whence the name of angular conjunctivitis. The symp- 
toms are persistent itching and burning and sometimes an obstinate asthen- 
opia]. 

132. Therapy.—It is clear that the treatment must first of all pay 
regard to the causal factor by regulating in a suitable way, as far as 1s com- 
patible with the patient’s calling, the general conditions under which he 
lives, and by removing all local causes of catarrh that may be present, etc. 
For the treatment of the conjunctiva itself we first employ,as we do in acute 
catarrh, the nitrate of silver, which is applied by the brush in 1- or 2-per-cent 
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solution. We make use of it in those cases only in which the catarrh is 
accompanied by rather abundant secretion and by relaxation of the con- 
junctiva—that is, in periods of acute exacerbation, such as frequently occur 
in the course of every chronic catarrh—and use it, furthermore, when hyper- 
trophy of the conjunctiva has already set in. Otherwise we succeed better 
with astringent collyria, which the patient can instil himself. The most usu- 
ally employed of these is zine sulphate, which is instilled in 14-per-cent [or 
1-per-cent] solution once or twice a day, and is especially indicated in cases 
of diplobacillus conjunctivitis [see page 145]. In the chronic catarrh of 
elderly people with marked reddening of the conjunctiva but no secretion, 
the most suitable remedy is the collyrium adstringens luteum,® which is not 
ordinarily prescribed undiluted but mixed with an equal quantity of water. 
Other astringents are lapis divinus’ (14 per cent), alum® or tannin (1 per 
cent), boric acid (3 per cent). 

The order in which these collyria are here arranged about corresponds 
‘to their gradation in activity from the strongest to the mildest. They 
should be instilled once or twice a day, but not at night. So many of them 
are enumerated, because it is good to have a pretty large number to select 
from, since as the catarrh is of long duration, a change will have to be made 
pretty often in the remedies. Every remedy, if too long applied, loses its 
activity, since the conjunctiva grows accustomed to it. For the sticking 
together of the lids, as well as for any excoriations that may be present, an 
ointment of boric acid (2 per cent ) or of white precipitate (1% to 1 per cent) 
may be rubbed upon the closed lids at bedtime. 


(c) Conjunctivitis Follicularis 


133. Follicular catarrh is characterized by the presence of follicles. 
These are small round granules of about the size of a pin’s head which lie 
in the region of transition of the conjunctiva. They are of a pale, trans- 
lucent aspect and puff up the conjunctiva in the form of small eminences. 
Hither a few follicles only or many are present; in the latter case they are 
ordinarily arranged in rows like the beads of a rosary. The upper retro- 


6 This collyrium, called also Horst’s eye water, is at present no longer official in most countries, 
yet it is of the greatest service and in many cases can be replaced by no other. According to the 
Austrian Pharmacopeeia, it is to be prepared in the following way: 

Take of ammonium chloride 50 centigrammes and zine sulphate 125 centigrammes, dissolve in 
200 grammes of distilled water and add a solution of 40 centigrammes of camphor in 20 grammes of 
dilute alcohol and 10 centigrammes of saffron. Digest for twenty-four hours with frequent agitation 
and filter. ’ : 

Rather stronger in action is the tinctura opii crocata, diluted with an equal amount of water 
and filtered. [The tinctura opii crocata is a solution of opium and saffron, about 9 per cent each in 
cinnamon water.—D.] 

_ Romershausen’s eye water, which is also frequently employed in chronic ophthalmic ecatarrh 
consists of a mixture of aqua fceniculi and tinetura foeniculi. ‘ 

7 [Or aluminated copper; a preparation made by fusing together 32 parts each of copper sulphate 
potassium nitrate, and alum, and adding a mixture of 2 parts each of camphor and alum. : 

8 Alum is more often applied in the solid form, as a sharpened erystal (alum stick) with which the 
conjunctiva is stroked. Gallicin is also employed, being sprinkled in fine powder with a brush upon 
the conjunctiva. In the sensation of burning in the eyes cool lead-water compresses are serviceable 
We prescribe the liquor plumbi acetici [a 14-per-cent solution of lead acetate]; of this 20 to 30 drops 
are given in a small glass of cold water. Compresses made with this mixture are applied to the alossd 
eyes for 10 to 15 minutes two or three times a day. 
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tarsal fold usually contains fewer follicles than the lower. Microscopic 
examination shows that the follicles, as well as the so-called trachoma 
granules, consist of a circumscribed accumulation of adenoid tissue (Fig. 
m4, 7): 

Follicles are most frequently observed in youth, and especially among 
pupils in day schools, boarding schools, ete. In many school children 
the disease exists in a perfectly latent form, as, in spite of there being a 
considerable number of follicles, the conjunctiva is not reddened and 
causes no symptoms of any kind, so that the trouble is discovered only by 
medical examination. In such cases the follicles often persist for years. 

In other cases the disease has an acute character; a conjunctivitis 
sets in with the symptoms and disagreeable accompaniments of a violent 
eatarrhal ophthalmia and with the simultaneous development of numerous 
follicles. This acute form often occurs epidemically and is more obstinate 
than a catarrhal ophthalmia that is not complicated with follicles. On 
the other hand, the follicles do not last as long as in the chronic form, but 
soon disappear when the conjunctivitis abates. Intermediate between 
the very chronic and the acute form are the particularly numerous cases 
in which the presence of follicles is combined with slight irritation of the 
conjunctiva and with correspondingly mild symptoms such as obtain in 
a chronic conjunctival catarrh. 

The treatment of follicular catarrh is directed mainly at the aecompany- 
ing inflammatory symptoms on the part of the conjunctiva. If these are 
altogether absent, no treatment at all is needed, as ultimately the follicles 
disappear of themselves, leaving no trace of their presence. If there are 
very many follicles present, we had best order the inunction of lead oint- 
ment (lead acetate 0.1 gm. to 5.0 gm. of fatty matter) mto the conjunctival 
sac. In doing this it must not be forgotten that the presence of corneal 
ulcers contraindicates most absolutely the use of the lead ointment. [Oint- 
ment of copper sulphate (1—-1,000) may also be used.—-D.] If the presence 
of follicles is associated with inflammatory changes in the conjunctiva, the 
latter are to be treated according to the principles laid down for catarrhal 
conjunctivitis—that is, by the application of a 2-per-cent. nitrate of silver 
for a 10- to 25-per-cent solution of protargol or argyrol] if the inflammation 
is an active one, and in the milder cases by the instillation of a solution of 
zine sulphate (14 per cent). As in catarrh of all kinds, so particularly in 
follicular catarrh, living in fresh, pure air is to be enjoined. 

The prognosis of follicular catarrh is altogether good, as the disease 
leads to no complications and leaves no permanent changes in the eye 
‘whatever; in this being opposed to trachoma, to which follicular catarrh 
has some resemblance (see § 148). 


The fact that follicles may at one time be associated with intense inflammation of 
the conjunctiva and at another time may not cause the slightest evidences of irritation 


even when it has been carefully sterilized \atragime codarrh) (see $323). Ip the chown 
cases of follicular catarrh the irritation probsbly orieimstes im the impure sir of the school 
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135. Symptoms and Course.—When infection has taken place, the 
disease breaks out after a certain period of incubation, the duration of 
which varies, according to the intensity of the contagious action, from a- 
few hours up to three days. The lids grow red, become hot, and are swollen 
with cedema, generally to such an extent that the patient can no longer 
open them, and even the physician often has trouble in separating them 
far enough from each other to bring the cornea into view. The conjunctiva 
of the lids and of the retrotarsal fold is intensely reddened and greatly 
swollen. The swelling is produced by an abundant cellular infiltration of 
the conjunctiva, which is consequently tense, and has a granular, uneven 
surface. This feature of acute blennorrhcea serves to distinguish it from 
catarrh, in which even in the severe cases the swelling is rather of a serous 
nature, and hence the conjunctiva is yielding and has a smooth surface. 
The conjunctiva of the eyeball shows a like tense swelling, which stops 
short at the corneal margin, so that a raised wall is thus formed about 
the more deeply placed cornea (chemosis). The secretion produced by 
the conjunctiva is like meat juice—that is, it is a serum which is colored 
red by admixture with blood, and in which float some flakes of pus. The 
eye is uncommonly sensitive to contact, the lymphatic gland in front of 
the ear is swollen, the patient has slight fever. 

Ordinarily it takes from two to three days for the disease to mount 
from its initial point to the pitch just described, and at this pitch it is 
maintained for two or three days more. This period is designated as the 
first stage, or stage of infiltration. Succeeding this as a second stage is that 
of pyorrhea. The swelling of the lids gradually diminishes, a fact which 
we recognize principally by means of the return of the small wrinkles of 
the skin of the lids, and the tense infiltration of the conjunctiva slowly 
retrogrades. Simultaneously with this there begins a very profuse secre- 
tion of pus, which trickles out continually from the palpebral fissure; hence 
the name pyorrhcea, or flow of pus. In the further course of the disease 
the conjunctiva keeps getting less and less swollen all the time, and in many 
cases returns by degrees to the normal within four or six weeks. In most 
cases, however, a condition of chronic inflammation of the conjunctiva 
remains, which is designated as the third stage of the disease, the stage 
of chronic blennorrhea. In this pericd the lids are no longer swollen. The 
conjunctiva is reddened and thickened, especially upon the tarsus, where 
its surface looks uneven, granular, or velvety. The retrotarsal fold forms 
an ungainly swelling; the conjunctiva of the eyeball, which shows hypers- 
mia only, is the least changed. After this state of conjunctival hypertrophy 
has abated, a process which usually takes months for its accomplishment, 
there usually remain slight, but permanent cicatrices of the conjunctiva. 

The description here given corresponds to the cases of most frequent 
occurrence, which are those of medium intensity. In addition, both light 
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and also very severe cases of the disease come under observation which 
exhibit rather different features. In the light cases, which we are accus- 
tomed to call subacute blennorrhea, all the inflammatory changes are less, 
and the changes are limited chiefly to the conjunctiva of the lids. Fre- 
‘quently such cases are not to be distinguished with certainty by their 
external aspect from severe catarrh. The diagnosis can be rendered certain 
by the microscopic examination of the secretion, since by it the presence 
or absence of gonococci is demonstrated. 

In the severest cases, the infiltration of the conjunctiva is so great 
that the latter in places appears no longer red, but grayish-yellow, because, 
as in diphtheria of the conjunctiva, the vessels are compressed by the 
bulky exudation, and the conjunctiva is thus rendered anemic. The con- 
junctiva forms about the cornea a tense grayish-red wall. Quite often the 
surface of the conjunctiva is found to be covered with a clotted exudate, 
or croupous membrane. 

136. Complications.—The most dreaded complication of acute blen- 
norrhcea is the znvolvement of the cornea, by which, in many cases, incurable 
blindness is produced. At first the cornea becomes dull upon its surface 
and covered with a slight diffused opacity. Then circumscribed infiltra- 
tions of grayish color make their appearance, which soon become yellow 
and break down into ulcers. These infiltrations may be situated at the 
margin of the cornea, and give rise to speedy perforation of the latter. 
This is a comparatively favorable result, as, after the perforation has 
taken place, the purulent infiltration of the cornea not rarely is brought 
to a standstill, and so a portion of the cornea is preserved. But it can also 
happen that the marginal infiltrations become rapidly confluent, and unite 
into a yellow ring surrounding the entire cornea (a so-called annular 
abscess). In that event the cornea is lost, for this ring soon spreads over 
the entire cornea and destroys it. In other cases the purulent disintegra- 
tion occurs first in the middle of the cornea. When, in one way or another, 
the cornea has gone either entirely or in part to destruction, the outcome 
is either a formation of cicatrices with incarceration of the iris, or it may 
even be a panophthalmitis. Since these sequele are observed after every 
destruction ‘of the cornea, even when due to other causes, they will find 
detailed description under the diseases of the cornea. 

Involvement of the cornea is the more certain to take place, the 
severer the conjunctivitis, and, in particular, the more pronounced the 
participation of the conjunctiva bulbi in the inflammation: In the sever- 
est cases with tense chemosis the cornea is always affected, and is, as a 
general thing, irretrievably destroyed. In the cases of moderate severity 
when the chemotic swelling of the conjunctiva is less pronounced and 
especially is less hard, it is usually possible to preserve the cornea, either 
entirely or in great part, inasmuch as the ulcers that develop, even if they 
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are attended with perforation, are of but small size. In the lightest cases, 
where the process is limited to the palpebral conjunctiva, there is, on the 
whole, little danger to the cornea. 

The severer the course of the inflammation, the earlier the involve- 
ment of the cornea sets in; in violent cases, the cornea is already clouded 
by the second or third day. Sometimes corneal ulcers are not developed 
until late in the disease, when the conjunctivitis is already well on the 
retrograde path. These late affections of the cornea are not very dangerous, 
and it is generally possible to check them readily. 


That the lymph gland in front of the ear should swell up in acute blennorrhcea is 
a fact that accords with the virulent character of the latter; sometimes even suppura- 
tion of this gland has been observed (bubo prauricularis). 

The inflammation of the cornea is to be referred to infection of the latter by the secre- 
tion which constantly bathes it and macerates its epithelium. Since the’ secretion 
collects chiefly in the gutter lying at the rim of the cornea, between the latter and the 
steep slope of the chemotic conjunctiva, the purulent infiltration most frequently begins 
here, too. The tense infiltration present in this chemotic wall of conjunctiva is to be 
regarded as a second factor in the production of corneal trouble. This leads to obstruc- 
tion of the circulation in the marginal loops of the cornea, and thus interferes with the 
nutrition of the latter. Hence, the more pronounced and the more tense the chemosis, 
the more confidently is an affection of the cornea to be anticipated. It is in harmony 
with this fact that, in cases where the chemosis is unequally great, we often see the 
involvement of the cornea take place first at that portion of the corneal rim where the 
chemosis is the greatest. 

Since infection of the cornea is certainly very greatly favored by the existence of 
gaps in the epithelium of the latter, we must avoid injuring the epithelium of the eye 
by carelessness in cleansing. 

If gonorrhceal conjunctivitis happens to affect an eye which is covered with pannus 
the latter will afford the cornea a secure protection against suppuration. . Nay, more, 
it is often apparent, after the violence of the inflammation has passed, that the pannus has 
cleared up considerably, so that in cases of old pannus inoculation with gonorrheeal 
conjunctivitis has been designedly performed. This procedure has now been abandoned 
in favor of the treatment with jequirity. 


137. Prognosis. —The prognosis of the disease results from what has 
been said, it being essentially founded upon the condition of the cornea. 
This is dependent upon the intensity of the inflammation of the conjunc- 
tiva bulbi, in accordance with which, therefore, the prognosis must be 
made. 


[The prognosis in all genuine cases must be regarded as serious, although with 
improved methods of treatment it is better than it used to be. According to Hirsch- 
berg, 11 per cent of present-day cases retain fair vision and only 17 per cent. become 


blind (as against 50 per cent formerly).—D.] 


138. Etiology.—Acute blennorrhcea is produced simply and solely by 
infection. The poison can be introduced into the eye from the genitals 
directly, generally because an individual (whether man or woman) affected 
with gonorrhoea touches the eyes with unclean fingers after these have 
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been in contact with the genitals. The infection, however, can also come 
from an eye affected with blennorrhcea. If, for instance, one eye is already 
diseased and is affected with profuse suppuration, the other eye can also 
be infected by a transfer of the secretion to it. An individual with an 
eye diseased with blennorrhoea can infect the persons who are nursing him 
or any others who may share his room. 


{In Palestine and Egypt a good many cases of acute conjunctivitis of virulent 
character, and often causing destruction of the cornea, are due to diplococei which in 
smears appear identical with the gonococcus. As genito-urinary gonorrhoea is extremely 
rare in these countries, direct infection from the urethra or vagina is unlikely, and these 
cases have been regarded as due to gonococcus infection of extragenital origin (Butler, 
Ticho, and others). Since, however, the gonococcus cannot be differentiated in smears 
from other diplococci (micrococcus cartarrhalis, meningococcus), which may cause 
acute conjunctivitis, this diagnosis is doubtful, and until further proof is adduced we 
must still hold that true blennorrhcea is derived from the genito-urinary tract. In acute 
cases, as stated above, this infection is usually direct.—D.] Nevertheless, there are 
cases in which a conjunctival inflammation of a slighter kind is connected with a gon- 
orrhcea in the way of metastasis, just as arthritis and iritis sometimes complicate a gonor- 
rheea. This metastaticmode of origin is to be understood by supposing that the gonorrheeal 
poison has got into the circulation, and is exciting inflammation in remote organs which 
have a predisposition for this poison. A conjunctivitis originating in this way shows 
the characters of a severe catarrhal conjunctivitis, with a dull injection of the eyeball 
like that which occurs in scleritis. On the other hand, there is no infiltration of the 
conjunctiva, such as occurs in acute blennorrheea, and the secretion also is not so profuse 
nor so purely purulent as in acute blennorrhceea. As a rule, gonococci are not present 
in the secretion. 

{Metastatic conjunctivitis is said to be from ten to twelve times as frequent as the 
non-metastatic form. It may be the sole expression of a systemic gonorrhea, but 
usually coexists with some other evidence of gonorrhceal metastasis (in the joints or 
iris). It is probably due rather to the gonococci themselves than to their free toxins. 
The symptoms are those of an acute bilateral catarrhal conjunctivitis; the discharge is 
shght and mucoid. The conjunctivitis lasts 1 to 7 (usually 2) weeks, and relapses may 
occur. It is frequently complicated by a keratitis, usually bilateral and symmetrical, 
with multiple superficial infiltrates, or by irido-cyclitis (White, Byers).—D.} 

As gonorrheea of the urethra can by metastasis excite conjunctivitis, so also con- 
versely cases have been observed in which a gonorrheeal arthritis, where gonococci have 
been demonstrated to exist inthe pus, has arisen by way of metastasis from a blennorrhea 
of the conjunctiva. Cases of this sort have been known both in adults and in new-born 
children affected with blennorrhaa (Deutschmann and others). 

The secretion containing gonococci is usually brought into the eye by means of 
dirty fingers. Sometimes, however, a direct transfer from the diseased mucous mem- 
brane to the sound one is observed; for example, when a drop of secretion spurts into 
the eye of the physician or the attendant while cleansing genitals that are affected with 
gonorrhoea, or even when cleansing the eye of a patient affected with blennorrheea. 

I have repeatedly seen cases in which a patient, because of a mild conjunctival 
catarrh, washed his eyes in his own urine (a popular remedy among the laity in many 
places); as he had gonorrhcea, he thus got a gonorrhceal conjunctivitis. Gonorrheal 
conjunctivitis has also been seen to originate from the use of another household remedy 
—that is, from the practice of laying upon the eye a piece of placenta, which in this case 
came from a woman affected with gonorrhea. 
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If one eye is already infected, the transfer to the other is often brought about by 
secretion of the diseased eye flowing over the bridge of the nose into the sound eye during 
sleep. Furthermore, the secretion can be transferred from the eye affected with blen- 
norrhoea to the sound one by the finger, the water used for washing, the sponge, the 
handkerchief, ete. 

The transfer of blennorrhcea from an eye affected with the latter to the eyes of 
other people is likewise not rare. It occurs most frequently in children who are affected 
with ophthalmia neonatorum (§ 141), and thus infect their mothers, nurses, etc. In 
the Vienna Foundling Asylum, during the years 1812 and 1813, there were, for every 
hundred infants affected with blennorrhcea, more than fifteen nurses so affected, who 
had caught their eye disease from the infants. I have seen a whole family infected with 
blennorrheea by a child having blennorrheea neonatorum, and thus plunged in the great- 
est misery. Great caution on our own part, therefore, and, what is more important, 
careful instruction of the laity are here imperatively required. 

We sometimes also observe acute purulent conjunctivitis in small girls of the age 
of two to ten years, who at the same time are troubled with a vaginal discharge (Arlt). 
Here are we still dealing with contagion from a virulent vaginal catarrh? Or is the 
vaginal discharge of these girls a benign catarrh caused by scrofula, anemia, and the 
like? In some of these cases it has been possible to prove the origin of the vaginal 
blennorrhceea. The children have acquired the latter from their mothers or from other 
women about them, who were suffering from virulent vaginal catarrh, and had trans- 
mitted the latter by soiled clothes, sponges, baths, etc., to the children (Hirschberg). 
In other cases, the children had been raped by individuals affected with gonorrhoea. 
Here, therefore, we are dealing with a pure vaginal gonorrhcea in the children, and, 
accordingly, it is possible in such cases, too, to demonstrate the presence of the gono- 
coccus both in the secretion of the vagina and in the conjunctiva as well (Widmark). 
But it would be going much too far to regard the vaginal discharge in little girls as 
true gonorrhcea in all cases in which infection of the conjunctiva results from the dis- 
charge. Here, just as in the case of ophthalmia neonatorum, a non-virulent, simple 
eatarrhal secretion of the vagina is in position to excite an inflammation of the con- 
junctiva, which in this instance runs a less severe course. The distinction from a true 
blennorrhcea could be made in this case only by the microscopical examination of the 
secretion for gonococci. 

The interesting researches of Piringer have instructed us in regard to the relation 
between the infective material and the ophthalmia produced by it, as he has made a great 
number of intentional transfers of virus (generally in the eyes of people already blind, 
who were paid for the experiment). He found that the more violent the blennorrhcea 
that serves as the source of the material inoculated, the shorter is the period of incuba- 
tion. The infective power of the secretion is weakened by various influences, as by 
dilution with water—by dilution to the 1-tenth strength any secretion can be rendered 
inert—or by drying. Secretion that has been dried upon a piece of linen loses its activ- 
ity after thirty-six hours. Preserved like vaccine, it remains infective for sixty hours. 
In proportion as the virulence of the infecting secretion is weakened, the period of 
incubation increases in length and the inflammation excited becomes milder. The 
differences that we observe in the grades of gonorrhceal conjunctivitis can therefore be 
referred to the fact that the source of infection supplies secretion of different degrees 
of virulence, and this virulence is, moreover, still further modified by the immediate 
circumstances attending the process of infection. 


139. Prophylaxis.—By proper prophylaxis infection by acute blen- 
norrhcea can be prevented, a matter to be so much the more borne in mind 
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because, when the disease has once broken out, an unfortunate result can 
not always be averted. It is the physician’s duty to call the attention 
of every man with gonorrhea, and also of every woman with a vaginal 
discharge, to the danger of infecting the eyes, and to urge upon them stren- 
uously the requisite cleanliness. If an eye is already attacked with acute 
blennorrheea, care must be taken to keep the other eye from being infected 
by it and also to keep the disease from being transferred to persons in the 
vicinity. The protection of the second eye which has not yet been involved 
in the disease is best effected by a bandage which is applied in the following 
manner: The palpebral fissure is first closed by means of some narrow 
strips of sticking plaster applied in a vertical direction. Then the hollow 
about the eye is filled up with cotton, and the whole is covered by a strip of 
plaster (zinc adhesive plaster, zinc mull, etc.) which is cut to the proper 
shape and is carefully attached all round the margins of the orbit. In 
order to secure it better, the edges of the flap and the adjacent skin may 
further be coated with collodion. [It is well to have the dressing include 
a transparent covering (watch crystal, Buller’s shield) hermetically fastened 
over the eye. The eye can then be inspected without removing the dressing. 
—D.] If there is reason to think that infection of the eye apparently 
healthy has already taken place, we may try to prevent the outbreak of 
the disease by instilling a 2-per-cent solution of silver nitrate [or 5-per- 
cent protargol] before applying the bandage. 

To prevent the spread of the disease to those in the neighborhood of 
the patient, the greatest cleanliness must be inculeated both upon him 
and upon the persons attending to him; they must always cleanse the 
hands after touching the affected eye, and must remove, or, best of all, 
burn, all materials that have been used for cleansing the eye (pieces of 
linen, cotton, ete.). The physicians and nurses should use protective 
(large, colorless, coquille-shaped) eye guards. If in spite of this protection 
secretion spurts into the eye, the latter must be very thoroughly washed 
out; then a couple of drops of 2-per-cent silver nitrate should be instilled, 
and subsequently for some hours cold compresses placed on the eye. 

140. Treatment.—The treatment of the disease itself consists primarily 
in careful, repeated cleansing of the eye from its profuse secretion (by night 
as well as day). This is done with a weak lukewarm solution of potassium 
permanganate (1—5,000), with which the conjunctival sac is washed out 
thoroughly three or four times a day (Kalt). [Warm boric acid solution, 
used even more frequently, answers the purpose more pleasantly and 
apparently quite as well—D.] The irrigator used had best have a flattened 
spout so as to be introduced readily between the lids and eyeball. Be- 
tween each irrigation the eye is cleansed assiduously with cotton pledgets 
moistened in the same solution; the lids being drawn gently apart when 
this is done. 
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If the great swelling of the lids does not permit the palebral fissure to 
be properly opened, and thus makes cleansing impossible, the palpebral 
fissure must be fully widened by a section made with the scissors at the 
external angle of the lids (canthoplasty; see § 835). This section has the 
further beneficial effect of diminishing the pressure which the much-swollen 
lids exert upon the eyeball. 

In the first stage of the disease we combat the inflammation by iced 
compresses [applied continuously or at short intervals, according to the 
effect they produce on the swelling of the lids—D.], and also by the appli- 
cation of leeches (six to ten in number) to the temple. In the second 
stage brushing the conjunctiva with nitrate of silver is the best means for 
making the swelling of the conjunctiva and the profuse secretion rapidly dis- 
appear. Theapplication of the brush must not, however, be begun until the 
tense swelling of the conjunctiva has given place to a soft, succulent con- 
dition; there should ‘no longer be any membranous deposit, or any grayish 
infiltrated spots upon the conjunctiva. The application should be made 
with a 2-per-cent solution, but quite freely, and must be repeated twice a 
day as long as the profuse secretion is still present. The presence of ulcers 
of the cornea furnishes no contraindication to the use of nitrate of silver. 

As soon as, in the third stage, the inflammatory symptoms and the 
secretion also have nearly disappeared and the thickening of the con- 
junctiva is the only thing that still remains to be removed, we exchange 
the silver solution for copper sulphate. This is applied by whittling a crys- 
tal of the substance down to a smooth, rounded extremity (copper pencil 
or bluestone) and stroking with it once or more the conjunctiva of the 
everted lids. Then the lachrymal fluid, which is tinged blue by the copper 
salt dissolved in it, is dipped up from the conjunctiva with a pledget of 
cotton; otherwise the pretty concentrated copper solution would come 
into contact with the cornea and irritate it greatly. The application of 
the bluestone is much more painful than that of the silver solution, but 
acts more energetically, and hence we get quicker results with it; but this 
treatment is permissible only if the cornea is either quite sound or has 
ulcers already in process of cicatrization, and not if there are fresh ulcer- 
ations of the cornea, which are still coated with pus. 

The treatment of complications involving the cornea is conducted 
according to the rules (§§ 208 et seq.) for purulent keratitis. In very severe 
cases all treatment proves powerless to preserve the cornea, so that our 
efforts must be confined to the prevention of the more remote evil conse- 
quences of destruction of the cornea, like panophthalmitis or the formation 
of staphyloma, and to the securing of a flat cicatrix. 

The fact that acute blennorrhcea is produced by micro-organisms would lead us 


to expect that disinfectant substances would be the best remedies in the treatment of it. 
Nevertheless, it has been shown that nitrate of silver far surpasses the disinfectants 
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proper for this purpose. It is, in fact, specially poisonous to the gonococcus, and, more- 
over, effects its removal mechanically by reducing to an eschar, and thus leading to 
the exfoliation of, the superficial layers of epithelium containing this microbe. 

In gonorrhceal eye diseases a vaccine has been employed made from dead gono- 
cocei. In true gonorrheal conjunctivitis this has not proved successful, but has been 
more so in the metastatic gonorrhceal affections (conjunctivitis, iritis). 

In the first stage of the disease we may make use of scarifications of the chemotic 
conjunctiva in severe cases, 


II]. OpHtHALMIA NEONATORUM 


141. We designate by this name the inflammations of the conjunctiva 
occurring in the new-born. They do not constitute an etiological unit, 
but are produced by a variety of morbid germs; yet on practical grounds 
it is advisable to retain the group-name of ophthalmia (or blennorrhcea) 
neonatorum. 

The majority of cases, and particularly almost all the severe cases, 
owe their origin to the gonococcus, and hence are in the same category 
as the gonorrhceal conjunctivitis of adults. The infection that gives 
rise to this ophthalmia neonatorum gonorrhoica occurs as a rule during 
parturition. In the passage of the child’s head through the vagina, the 
eyelids are covered with the secretion contained in the latter, and this 
either penetrates immediately into the conjunctival sac through the pal- 
pebral fissure, or does so as soon as the child first opens his eyes. Under 
these circumstances the disease breaks out as a rule on the second or 
third (rarely on the fourth or fifth) day after birth. In those cases in which 
the disease makes its appearance still later than this, the infection can 
not any longer be referred to the act of birth. It has then been brought 
about through subsequent infection by the vaginal secretion of the mother 
(as is readily possible, particularly if the child sleeps in bed with the mother) 
or the child has been infected by another child, as, for instance, not rarely 
happened in former times in lying-in establishments and foundling asylums. 

The symptoms of the disease are the same as in the gonorrhceal conjunce- 
tivitis of adults, except that they are in general less severe. For even when 
there are great swelling of the lids and very profuse purulent discharge, the 
part which the bulbar conjunctiva takes in the process is comparatively 
small, and we rarely find great chemosis. Hence also the danger of suppura- 
tion of the cornea is not so great. It does indeed occur, and that often 
enough too, but only in those cases which are treated badly or not at all. If 
a case comes under treatment in season—that is, while the cornea is still 
intact—the latter can almost to a certainty be maintained in a healthy 
state. The prognosis, therefore, can be stated as correspondingly favorable, 

Conjunctivitis of the new-born may be produced by other morbid 
germs than the gonococcus (pneumococcus, bacterium coli, ete.). In 
these cases, too, the infection generally occurs during birth; but the in- 
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flammation usually breaks out rather later and runs a milder course than 
in the gonorrhceal form. It presents the symptoms of a more or less intense 
catarrhal ophthalmia. But since gonorrhceal cases are occasionally of 
a milder character, a sure distinction between the gonorrhceal and the 
non-gonorrhceal forms can be made only by bacteriological examination 
of the secretion. [One of the non-gonococcal forms, which is very frequent 
and widely disseminated, is due to a filtrable virus (i.e., one not containing 
demonstrable organisms), and is characterized by the presence of cell- 
inclusions, very like those found in trachoma (see Figs. 50 and 54). The 
disease itself, which is called inclusion blennorrhea, differs from trachoma 
in not being followed by pannus and cicatricial changes. The virus 
inoculated into monkeys or the adult human being reproduces the disease 
(does not produce trachoma).—D.} 

The treatment in the first stage consists in diligent cleansing of the 
eye (see page 158); when suppuration commences we begin with the appli- 
cation of a 2-per-cent nitrate-of-silver solution to the conjunctiva. In 
cases with profuse secretion this must be done twice a day. The applica- 
tion should be continued until the cure is complete, as otherwise the proc- 

—ess may readily recur to a moderate degree. [It is particularly important 
that the application should not be made too often or too vigorously (see 
page 146). In making it, injury to the child’s eye should be avoided by 
fixing the child’s head in the manner described on page 76 and by separat- 
ing the lids with Desmarre’s elevators (Fig. 2) instead of with the fingers, 
which may cause too much pressure on the eyeball. 

In ophthalmia neonatorum, as in purulent conjunctivitis in general, 
both argyrol and protargol are used in place of silver nitrate, and with 
satisfactory results if applied sufficiently often and in sufficiently strong 
solution (see page 144).—D.] 

In the conjunctivitis of the new-born prophylaxis plays a "still greater 
part than in gonorrhceal conjunctivitis of adults. There is perhaps no other 
eye disease in which the rigorous carrying out of prophylactic treatment 
would afford more gratifying results than in the conjunctivitis of the new- 
born, which might by means of it be made to disappear almost entirely. 
Credé’s method has proved the best. While the first bath is being given 
the child’s eyes should not be wet with the water of the bath but should 
be cleaned with extreme care with pure water and cotton. Then as soon 
as the child has been put on the dressing table to be wrapped up, a drop of 
a 2-per-cent solution of nitrate of silver is instilled into each eye. 

Ophthalmia neonatorum is one of the most frequent of diseases; before the intro- 
duction of the prophylatic treatment it attacked from 1 to 20 per cent of children in 
the various lying-in establishments. Since children of the poorer class who were born 
outside of the institutions and were affected with gonorrhoea often were brought under 


medical treatment either too late or not at all, many of them went blind. Before the 
introduction of proubyleais, ophthaimia neonatorum caused more than a tenth of all 
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cases of blindness. [In consonance with its usual etiology (gonorrhoea), ophthalmia neo- 
natorum is unknown in Palestine, where also gonorrhoea practically never occurs (Butler, 
Friedenwald).—D.] 

That prophylaxis, as introduced into practice by Credé, is actually efficient, is 
proved by the following data: Credé formerly had in the Leipsic Lying-in Asylum an 
average of 10.8 per cent of cases of blennorrhcea neonatorum in the whole number of new- 
born; after the introduction of his prophylactic method the number sank to 0.1 to 0.2 per 
cent. Others have similar favorable results to record. Hence, the endeavor should be 
made to have this form of prophylaxis carried out not only in lying-in establishments 
and by physicians, but also universally by mid-wives. The majority of pregnant women 
have catarrh of the vagina with a mucous or purulent discharge. In the greater portion 
of these cases we have to do with a benign vaginal catarrh, in a smaller portion with a 
virulent catarrh (gonorrhcea). In individual cases the distinction between benign and 
virulent is difficult or impossible, for which reason prophylactic treatment ought to be 
carried out in all cases. Already the effect of such prophylaxis is beginning to make 
itself felt in civilized countries. In 22 German asylums for the blind in 1876 the number 
of those who had been rendered blind by ophthalmia neonatorum was on an average 30 
per cent, while in 1896 in 45 institutions it was only 19 per cent (Cohn). 

.  Credé’s prophylactic treatment acts as a protection against infection during par- 
turition only. Infection can, however, take place even earlier; children have been known 
to come into the world with a blennorrhcea already fully developed—in fact, with the 
cornea already destroyed. Furthermore, against subsequent infection by the vaginal 
secretion of the mother, or by other children, other measures will have to be adopted, 
among which great cleanliness is to be assigned the first place. In foundling asylums, 
infants infected with blennorrhcea should be isolated from the rest, as otherwise infection 
will frequently take place. In the Vienna Foundling Asylum, during the years 1854-’66, 
no less than fourteen hundred and thirteen children were first attacked by blennorrhea 
while in the asylum, and hence caught the infection in the latter. 

In infants after the subsidence of the acute inflammation, a chronic hypertrophy 
of the conjunctiva (chronic blennorrhaea) develops much less frequently than in adults. 
On the other hand, even after an ophthalmia neonatorum, if severe, a mild cicatricial 
condition of the conjunctiva, especially of the retrotarsal folds, often remains for life. 
Perhaps, too, the change described by Schapringer under the name epilarsus or “apron 
of the conjunctiva,” and considered by him to be congenital, should in many cases he 
attributed to a cicatricial formation of this sort; at least, so it appeared to me in the cases 
which | saw myself. This formation consists in a flat fold of conjunctiva which runs 
down from the convex border of the tarsus over the conjunctiva of the lid and, growing 
constantly narrower, finally becomes attached again to the conjunctiva of the lid near 
the free border of the latter. As in the case of a pseudopterygium ($176), we can gen- 
erally pass a sound between the fold and the palpebral conjunctiva. 


IV. Conjunctivitis TRACHOMATOSA 


142. Trachoma, like acute blennorrhoeea, is an inflammation of the 
conjunctiva, which originates by infection, and produces an infectious, 
purulent secretion. It is distinguished from acute blennorrhoea principally 
by its chronic course, in which is developed an hypertrophy of the con- 
junctiva, that forms the most characteristic symptom of trachoma. From 
the roughness of the conjunctiva, caused by this hypertrophy, the disease 
has, in fact, received its name.'? 


10'Trachoma, from tpayvs, rough. 
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The disease almost always attacks both eyes. Cases exceptionally 
occur in which the disease, even after it has lasted for years, remains con- 
fined to one side, which means that either on account of the patient’s 
carefulness or for unknown reasons the transfer from the eye primarily 
affected to the other does not take place. 

Symptoms.—The patients complain of sensitiveness to light, of lachry- 
mation, and of sticking together of the lids; pain and visual disturbances 
are also often present. The examination of the eye shows that the latter 
is less widely opened, partly because of photophobia, partly because the 
heavy upper lid hangs lower down. After everting the lids, we see the 
conjunctiva of the tarsus and also that of the fold of transition reddened 
and thickened; its surface at the same time has become uneven to a varying 
degree. These changes are to be referred to an hypertrophy of the mucous 
membrane, which occurs under two different forms. 

The first form consists in the development of the so-called papille. 
These are elevations newly formed on the surface of the conjunctiva, which 
consequently appears velvety, or, if the papille are large, appears studded 
with coarse granules, with small nodules, or even with raspberry-like pro- 
jections, the thickening of the conjunctiva being so great that the sub- 
jacent Meibomian glands are no longer visible through it. This kind of 
hypertrophy, which is called the papillary form, is found exclusively in the 
tarsal conjunctiva (Fig. 48 A). It is always most clearly pronounced on 
the upper lid, which therefore must be everted in making the diagnosis 
of the trachoma. : 

The second form of hypertrophy is characterized by the presence of 
the trachoma granules. These are gray, translucent, roundish granules, 
showing through the most superficial layers of the conjunctiva, which they 
push up to form hemispherical swellings. On account of their translucent, 
seemingly gelatinous character, they have been likened to the eggs of frog- 
spawn or to grains of boiled sago. They are found principally in the retro- 
tarsal folds (f, Fig. 48 A), in which they are imbedded in such numbers 
that, when the lower lid is drawn down, the fold projects as an elastic 
swelling, at the summit of which we sometimes see the granules arranged 
in rows like a string of pearls. To bring into view the granules in the upper 
retrotarsal fold, we push the fold down. This we accomplish if, after we 
evert the upper lid, we place a slender stick or glass rod on the skin of the 
lid above the convex border of the tarsus, and press the skin down. In 
the conjunctiva tarsi the trachoma granules are less readily visible. They 
are smaller in this situation, and cannot push the conjunctiva up because 
the latter is very closely adherent to the tarsus. Here, therefore, they 
generally appear as small, bright-yellowish points, which are situated deeply 
in the mucous membrane; quite often, though, they are hidden from sight 
altogether by the development of the papilla. Trachoma granules are. 
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often found in the semilunar fold, more rarely in other parts of the con- 
junctiva of the eyeball. This variety of proliferation of the conjunctiva 
is called the granular form. 

The two forms of proliferation of the conjunctiva sometimes occur 
separately. In the great majority of cases, however, both are found at 
the same time in the same eye, and so distributed that in the conjunctiva 
of the lids the most prominent feature is the proliferation of papille; in 
the retrotarsal fold it is the formation of trachoma granules (Fig. 48 A). 


Fig. 48.—ScHEMATIC SECTION THROUGH THE LIDS AND EYEBALL (A, IN Recent, B, In Oud 
TRACHOMA). 


A shows the way in which the two forms of hypertrophy of the conjunctiva are distributed among 
the separate divisions of the latter; B, the stage of sequele of trachoma; s, s1, eyebrows; 0, 01, fur- 
row between the brow and the lid (sulcus orbito-palpebralis); d, di, covering fold; ¢, cilia in their 
proper position; ci, cilia turned toward the cornea; r, free border of the lid, with the borders of the 
upper and lower lids running parallel and the posterior margins of the lids sharp-edged; ri, free border 
of the lid, looking backward, and with its posterior margin rounded; ¢, tarsus thickened by infiltra- 
tion and covered with the velvety conjunctiva tarsi; f1, tarsus thinned (atrophic), bent at an angle 
near its free extremity, and covered with smooth conjunctiva; f, fornix with numerous trachoma 
granulations, 7’, in the folds of the conjunctiva; fi, fornix smooth, without folds (symblepharon pos- 
terius); p, thick pannus covering the upper half of the cornea; pi, a shrunken pannus extending over 
the whole cornea. 


The conjunctiva of the eyeball is, in light cases, unaltered, but when the 
irritation is more intense shows a coarsely reticulate injection. The con- 
junctiva discharges a purulent secretion, the quantity of which is more 
abundant in the fresh cases and in those attended with marked symptoms 


of irritation. In older cases, on the contrary, and in those which run a 
more sluggish course, it is very scanty. 


Formerly cases marked by papillary hypertrophy and those marked by the for- 
mation of granulations were regarded as different diseases, and accordingly a distinction 
was made between a trachoma papillare (also called chronic blennorrhcea or ophthalmia 
purulenta chronica) and a trachoma granulosum (trachoma verum, trachoma Arlti, 
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trachoma folliculare). The cases in which both kinds of changes were present were called 
trachoma mixtum. At present trachoma is regarded as a single disease, for which the 
hame conjunctivitis granulosa is also employed. 

The papillary growths which impart to the conjunctiva its velvety or raspberry- 
like appearance are caused by an increase in size of the surface of the hypertrophic con- 
junctiva. The latter is thrown into folds, between which correspondingly deep clefts 
are formed; then on cross section the folds appear under the form of papille (Fig. 49, P 
and P;). The connective tissue forming the papille is stuffed full of round cells; the sur- 
face of the papillz is covered with a very much thickened epithelium (e, e), which, of 
course, is continued on into the depressions (¢, ‘) that exist between the papilla. These 
depressions hence have in microscopical cross section the appeszunce of a narrow canal 
coated with epithelium, and accordingly it was quite possible for them to be regarded 
as tubular glands. And in fact real, repeatedly branching glandular tubes do grow out 
from them and extend into the tissue of the conjunctiva. 


Fic. 49.—Cross SECTION THROUGH THE TRACHOMATOUS CONJUNCTIVA OF THE UPPER Lip. 
Magnified 24 X1. 


Both small papille, P, P, P, and large ones, P1, Pi, are found. The former stand side by side: 
like the pickets of a palisade; the depressions, ¢, t, t, lying between them and coated with epithelium, 
look like the tubules of glands. The large papille contain trachoma granules, T, Ti, which are not 
sharply limited and do not possess a capsule. The epithelium of the conjunctiva is in many places, 
e, e, thickened. The mucous coat is in a condition of cellular infiltration, a, which is especially marked 


in the vicinity of the blood-vessels, g, g. 


Papillary hypertrophy of the conjunctiva, however, is by no means 4 characteristic 
feature of trachoma, in the sense of being limited to it alone. In a less marked degree 
it is found in connection with every long-continued irritation of the conjunctiva; as in 
chronic catarrh, in conjunctivitis eczematosa that has lasted a long time, in ectropion 
upon the portion of the conjunctiva that is exposed to the air, after acute blennorrhea 
when the so-called chronic blennorrhcea has developed from it, ete. Papille that are 
large but compressed and flat are the distinguishing mark of spring catarrh (see Fig. 57). 

The trachoma granulations appear in microscopical cross sections under the form 
of rounded accumulations of cells, between which a very delicate connective tissue frame- 
work can be made out. The cells in the marginal portions of the granulations are lym- 
phocytes; in its interior parts are predominantly uninuclear leucocytes (epithelioid 
cells), between which lie a few particularly large cells (phagocytes) which contain in their 
protoplasm small deeply-staining corpuscles; and in the connective tissue surrounding 
the granulation are formed plasma cells. The trachomatous granulation either passes 
without any sharp line of demarcation into the surrounding tissue, which is also very rich 
in cells (Fig. 49, 7 and 7;), or there is, especially in the case of the older granulations, 
a sort of incomplete capsule of connective tissue (Fig. 51, k). In the later stages of tra- 
choma the granulations as a rule disappear in consequence of the formation in the con- 
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junctiva of new connective tissue, which by subsequent shrinking compresses the gran- 
ulations and thus makes them vanish. A few granulations disappear because they are 
evacuated externally when the epithelium that covers them has been exfoliated (Fig. 50). 


Fic. 50.—GRANULATION FROM THE RETROTARSAL FOLD oF A Monkey. Magnified 52 X 1. 


The monkey 32 days before had received inoculation from a case of ophthalmia neonatorum, 
the secretion of which contained no gonococci but did contain the inclusions which are like those occur- 
ring in trachoma and are probably parasitic [inclusion blennorrhcea, see page 161]. The granulation 
shows the same histological picture as a trachoma granulation in man. It is still recent and hence is 
not yet shut off by a capsule from its surroundings. The central lighter portion, which in the seetion 
forms a vertical oval, consists almost exclusively of epithelioid cells, while in the peripheral portions 
of the granulation the lymphocytes predominate. The epithelium of the conjunctiva over the granu- 
lation has been exfoliated, and in this spot there has been produced by disintegration of the tissue a 
depression, through which the granulation would perhaps have been evacuated later on, 


Fra. 51.—TRacHoOMATOUS GRANULATION FROM THE Foup or TRANsITION. Magnified 24 X1,. 


The trachomatous granulation, 7, pushes up the conjunctiva in the form of a mound, and is 
inclosed by a layer of thickened connective tissue, the capsule k. The conjunctiva is infiltrated with 
cells, both in its upper layers, a, and along the vessels, g; the epithelium, e, shows, above the place 
marked a, bright spots which correspond to the goblet cells; at d it lines one of Henle’s glands. 


The so-called trachoma mixtwm, which clinical observation has already shown to be 
the most frequent form, is proved by microscopical examination to be almost the only 
form that occurs. That is, even in those cases in which to the naked eye papillx alone 
appear to be present, trachomatous granulations are found in cross sections examined under 
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the microscope either lying within the papille themselves or imbedded in the deeper por- 
tions of the mucous membrane. In the former case the papilla have a particularly broad 
or even knob-shaped appearance (Fig. 49, Pi). In the second case the trachomatous 
granulations are concealed by the papillary bodies, beneath which they lie; then we often 
see them coming into view afterward when, as the result of prolonged treatment, the 
papillary growths have disappeared. 

The gelatinous trachoma of Stellwag represents a later stage of mixed trachoma, 
in which a more uniform lymphoid infiltration exists in conjunction with superficial cica- 
tricial changes. We have in that case a conjunctiva which is thickened, smooth on the 
surface, yellowish, and of gelatinous translucency. 


143. In the subsequent course of the disease the hypertrophy of the 
conjunctiva gradually increases, growing steadily greater, until it has 
reached a certain height, which is not the same in all cases. Then it dis- 
appears again, step by step, while a cicatricial state of the conjunctiva 
with contraction takes its place. In this way the trachoma is cured in the 
sense that the specific morbid process has come to an end. Nevertheless, 
the conjunctiva has not become normal again by any means; on the con- 
trary, it bears upon it lasting marks of the disease that has passed, 
namely, the signs of a cicatricial contraction which, in many instances 
entails other, additional, consequences, such as we will group together 
under the phrase “the stage of sequele of trachoma.’ The more con- 
siderable the degree which the hypertrophy of the conjunctiva attains 
the longer is the duration of the disease, which in most cases is counted 
by years, and the greater and more striking also is the subsequent contrac- 
tion. The object of the treatment, therefore, must consist in checking 
the hypertrophy of the conjunctiva while it is developing, as thus both 
the duration of the disease is shortened and its evil consequences also are 
reduced to a smaller amount. 
| In the conjunctiva tarsi, the beginning of the formation of cicatrices 
is betokened by a few narrow, whitish striz (fine cicatrical bands), which we 
see emerging in the midst of the reddened and thickened conjunctiva. 
These strie gradually become more numerous and unite to form a delicate 
network, the meshes of which are occupied by red islands—that is, by 
those portions of the conjunctiva which are still hyperemic and hypertro- 
phied. Little by little the cicatricial les grow steadily broader and the 
islands that they inclose steadily narrower, until at length that condition 
is produced in which the conjunctiva of the tarsus has become perfectly 
pale, thin, and smooth. The cicatricial condition of the conjunctiva corre- 
sponds in extent and intensity to the amount of hypertrophy that has pre- 
ceded it. In those cases in which the hypertrophy of the conjunctiva has 
attained a considerable height in certain spots only, it is also only at these 
spots that deep cicatrices remain after the trachoma has run its course, 
while those parts of the conjunctiva which were simply infiltrated, or were 
hypertrophic to only a very slight degree, return to the normal state. 
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In the conjunctiva of the fornix the same conversion of hypertrophy 
into cicatricial contraction takes place. Only, the external phenomena 
are somewhat different, in conformity with the different character of the 
conjunctiva in this situation. Here we do not see any whitish bands, but 
we find that the thick swellings which are formed by the hypertrophic 
retrotarsal fold are becoming gradually thinner and flatter. Associated 
with this process, and proceeding with it step by step, is a condition of 
contraction taking place in the conjunctiva, a condition which steadily 
increases until even the folds that in the normal eye are present in the for- 
nix are smoothed out and disappear (Fig. 48 B, at fi). The conjunctiva 
has grown pale, and a delicate bluish-white coating is witness to the cica- 
tricial character of its superficial layers. 


Mili a oe 


Fie. 52A.—NorMaAu Upper Lip, Evertep. The cilia jut out from the anterior edge of the border 
of the lid in several rows. The posterior edge of the border of the lid is sharp; the shadow directly 
beneathit represents the shallow groove of the sulcus subtarsalis. The upper convex border of the 
tarsus now looks downward and is stretched into a straight line, while the straight lower border of the 
tarsus now has an arched course. Through the conjunctiva are indistinetly seen the Meibomian glands. 

Fic. 52 B.—Upper Lip In orp TRAcHOMA, Evertrep. Cicatrix in the suleus subtarsalis. The 
tarsal portion of the lid is somewhat lower than in the normal lid. Near the posterior edge of the lid 
margin and parallel to it runs a longitudinal cicatrix from which minute bands pass upward. At the 
convex border of the tarsus a cicatrix formation of slighter degree is present. 

Fia. 52 C.—DRAWING OF THE RETROTARSAL FOLD UP OVER THE Tarsus. As a result of shrinking 
the lid is not only lower but has also become shorter horizontally, so that it looks as if it were derived 
from a smaller individual than the normal lid. The posterior edge of the lid margin, owing to the 
shrinking, has been flattened out from aright to an obtuse angle, and has ceased to be sharp. The tarsal 
surface of the lid is divided into two parts by the cicatrical line which runs parallel to the lid margin. 
The lower part adjoining the lid margin is covered by the shrunken tarsal conjunctiva, which shows 
minute vertically running vessels and folds of similar course. The part lying above the cicatricial line is 
covered by the retrotarsal fold which has been drawn up upon the tarsus. The convex border of the 
tarsus, which looks downward, shows in its center a bulge such as frequently occurs in trachoma. 


The transformation of the conjunctiva into cicatricial tissue proceeds as follows: 
A part of the numerous cells which are contained in the conjunctiva, and which are either 
uniformly scattered through it or occur in circumscribed accumulations (trachomatous 
granulations), disappears by resorption; another part, owing to rupture of the granula- 
tions, empties externally; and still another part gradually grows into spindle-shaped cells, 
and finally into connective-tissue fibers. This new-formed connective tissue shrinks 
extremely, so that the conjunctiva contracts and becomes thinner and of tendinous char- 
acter. We have here a process similar to that which occurs in cirrhosis of the liver—ie., 
the shrinking of a new connective tissue which has developed out of an inflammatory 
infiltration. It would be a mistake to suppose that in the trachomatous conjunctiva 
there are raw spots which become covered with a cicatrix—a mistake into which we might 
be more apt to fall because of the term granulations. What we call granulations in tra- 
choma have nothing at all in common with the granulations of wounds, except their 
external appearance. 

In the cicatricial trachoma, a linear cicatrix which runs parallel to the lid margin 
is often apparent on the conjunctiva of the upper lid. This has a varying significance. 
In the majority of cases it lies quite close to the margin of the lid (Fig. 52 B); it then 
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corresponds to the sulcus subtarsalis where the infiltration has gone more into the deeper 
parts (page 175). In the case figured there was also cicatricial formation at another 
place of predilection, namely, at the convex border of the tarsus. In less frequent, 
cases the cicatricial stria lies higher up (Fig. 52 C). It then represents the boundary line 
between the conjunctiva of the tarsus and of the fornix. The tarsal conjunctiva is shrunk 
so as to cover but a small area, and the conjunctiva of the fornix has been drawn up in 
part upon the tarsus. It of course is not intimately adherent to the tarsus; and thus is 
explained the fact that in such cases the tarsus can readily be shelled out from the con- 
junctiva—a thing which is impossible when the conjunctiva is normal. This is an oper- 
ation that has been recommended by Kuhnt [originally by Heisrath] for many cases of 
old rebellious trachoma. [See § 833.] 

The farsus in recent cases is thickened by the deposition of numerous lymphocytes. 
Later on it shrinks, its glands (both Meibomian and acinous glands) disappearing and 
nothing being left but a tough connective tissue which contains very few vessels and 
which sometimes is converted to a large extent into fatty tissue. 


144. Complications.—The disturbance of sight, of which many 
patients complain, is founded upon a complication affecting the cornea, 
and appearing under two different forms, pannus and ulceration, which very 
frequently occur together. 

Pannus" trachomatosus consists in the deposition upon the surface 
of the cornea of a newly formed, gelatinous, vascular tissue, which pushes 
its way from the edge toward the center of the cornea. At the spot where 
the pannus is located, the surface of the cornea is uneven and studded with 
fine projections, and there is a gray, translucent, superficially situated, 
cloudy mass, which is traversed by numerous vessels. The latter spring 
from the vessels of the conjunctiva, which pass over the limbus and out. 
upon the cornea and, after arriving within the pannus, branch in an arbo- 
rescent fashion (Fig. 84). The pannus ordinarily begins its development 
at the upper margin of the cornea [although it may also begin below or 
at one side], and covers first the upper half of the latter (p, Fig. 48 A). 
Quite often it terminates below in a sharp, straight, horizontal border. 
Afterward pannus develops at other portions of the corneal margin, until 
at length the entire cornea is covered by it. When pannus is pretty fully 
developed, the iris likewise participates in the inflammation (iritis). Dis- 
turbance of vision sets in as soon as the pannus has advanced into the pupil- 
lary area of the cornea. If this region is entirely covered by pannus, vision 
is reduced until it is limited to the recognition of large objets, or even to 
the mere ability to distinguish between light and darkness (quantitative 
vision). 

Pannus, provided that further changes, such as will be described 
below, have not occurred in it, is capable of complete retrogression, so 
that the cornea can reacquire its normal transparency. 

The ulcers of the cornea either develop at a spot that is otherwise 
normal, or they occur in connection with pannus. In the latter case they 


1 Pannus, a cloth. 
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are found principally at the free border of the pannus, more rarely within 
the latter. Since their character agrees with that of ulcers of the cornea 
generally, a more detailed account of them will be given under the latter 
head ($$ 197 et seq.). Ulcers heal, leaving behind them cloudy spots, the 
influence of which upon vision is dependent upon the degree of their 
opaqueness and also upon their situation with regard to the pupillary area 
of the cornea. 

[Trachoma is also frequently complicated with infection of the lachry- 
mal sac. Such sacs are very friable and rupture easily (Butler).—D.] 

Pannus proves, upon histological examination, to be a layer of new-formed tissue, 
which, starting from the limbus, spreads over the cornea (Fig. 53, P). It is a soft tissue 
which is extremely rich in cells, and greatly resembles the infiltrated trachomatous con- 
junctiva. This tissue abounds in vessels, and occurs in alternately thicker and thinner 


lavers, for which reason fhe pannus looks uneven and nodulated. Pannus, when it is 
quite superficial, insinuates itself between Bowman’s membrane (Fig. 53, B) and the 


Fre. 53.—Cross Section THrovuGH THE Marcin oF a CORNEA AFFECTED WITH PANNUS. 
Magnified 125 X1. 


Beneath the epithelium, E, E, is the limbus, L, greatly thickened by cellular infiltration; from 
it the pannus, P, in which are perceived the cross sections of several vessels, extends between the epi- 
thelium snd Bowman's membrane, B, over the cornea, C. S, sclera. 
epithelium (Fig. 53, E), the latter being thus lifted off from Bowman’s membrane and 
made to cover the pannus. In such a ease it is possible for the cornea to regain com- 
pletely its normal structure and transparency after the resorption of the pannus, since 
then the epithelium is once more directly applied to Bowman’s membrane. But when 
the pannus lasts for a long time it destroys Bowman’s membrane, and this is still more 
true of the less frequent cases in which the pannus from the very outset penetrates 
beneath Bowman’s membrane. Later on, the most superficial layers of the cornea are 
infiltrated with a tissue abounding in cells. Then the complete restoration of the trans- 
parency of the cornea has become impossible. 

For some forms and stages of pannus special names are in use. A recent pannus, 
which has not yet become thick, is called pannus tenuis, and if it is very vascular, pan- 
nus vasculosus. If the pannus has acquired a considerable thickness, it is then known 
as pannus crassus or pannus carnosus. An old pannus, composed of connective tissue 
and poor in vessels, is a pannus siceus. 

A rare metamorphosis that has been observed in pannus is a process of sclerosis 
in which there develops from the pannus a dense white or yellowish tissue containing 
very few vessels. This tissue resembles a dense scar, e.g., such as occurs after deep ulcers 
of the cornea, but, unlike the latter, replaces only the superficial layers of the cornea— 
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those extending, for example, from the upper border to the center of the cornea, if the 
pannus itself had covered the upper half of the latter. Another change in old pannus 
consists in the development of small, intensely white spots, which frequently form a 
group in the pupillary region of the cornea. The appearance of the spots, which lie 
close to the minute blood-vessels of the pannus, reminds one of lead incrustation. The 
spots are superficial in seat, and may be removed by scraping (§ 264 ). 

For pseudo-pterygium, see § 176 . 

What are the causes of pannus in trachoma? Some see in pannus a direct transfer 
of the inflammatory process from the conjunctiva to the cornea. Against the occurrence 
of any such transfer per continuitatem, it has been urged, and with justice, that that 
portion of the conjunctiva which is interposed between the retrotarsal fold and the rim 
of the cornea, namely, the conjunctiva bulbi, takes little or no part in the trachomatous 
process. Another explanation starts from the fact that pannus in trachoma as a rule 
begins in the upper half of the cornea, and under ordinary circumstances has covered 
this portion entirely, before the lower half has been attacked at all. This would indicate 
that the upper lid, by reason of the roughness of its conjunctival surface, causes mechan- 
ically an irritation of the upper half of the cornea, and thus gives rise to inflammation 
in it. It is not to be doubted that this factor does come into play in the production of 
pannus, but it cannot be the only nor even the most important cause of pannus; for 
we often find the greatest roughness of the palpebral conjunctiva without pannus, and 
conversely find pannus in cases in which the palpebral conjunctiva is almost perfectly 
smooth. At the present time we can merely say that anatomically pannus is analogous 
to trachoma of the palpebral conjunctiva; that it is a trachomatous affection of that part 
of the conjunctiva which covers the cornea—i.e., of the conjunctival layer of the cornea. 
That this part of the conjunctiva becomes diseased in trachoma as readily as the con- 
junctiva of the lids or of the fold of transition, should not excite our wonder; on the 
contrary, it is more difficult to understand why the remainder of the conjunctiva, the 
conjunctivasclere, does not take a more active part in the trachomatous process. Perhaps 
the following explanation is the correct one. Fig. 53 shows that the infiltration of small 
cells is particularly marked in the limbus of the cornea (L), and gradually diminishes as 
it extends from the latter over the cornea itself. So also, where we make a macroscop- 
ical inspection, we find the limbus, at the spot where a pannus is on the point of devel- 
oping, intensely reddened and so greatly swollen that sometimes it forms quite a thick 
outgrowth. Hence the impetus to the formation of a pannus seems to be given by a 
trachomatous affection of the limbus. Now, then, we must propound the following ques- 
tions: 1. Why is it that the limbus in particular is affected so intensely in trachoma? 
and, 2. Why does the inflammation pass from the limbus to the cornea and not in the 
opposite direction—i.e., to the scleral conjunctiva? The first question must find its 
explanation in the fact that the limbus is by far the most vascular portion of the bulbar 
conjunctiva, and hence the part that is the most apt to be inflamed. That the inflam- 
mation spreads from the limbus in a centripetal direction—that is, upon the cornea—and 
not in a centrifugal direction upon the conjunctiva sclere, agrees with what we have been 
able to observe in other affections of the limbus and of the adjacent portions of the cor- 
nea. We are acquainted with many diseases in which inflammatory infiltrations or ves- 
sels push their way inward from the limbus into the cornea. Probably this depends upon 
the centripetal direction of the circulation of the blood in the scleral conjunctiva. The 
arterial vessels run from the periphery toward the limbus, where they form a dense net- 
work of capillary loops. At this point, where the centripetal stream of blood finds its 
limits, a circulation of lymph begins, which is directed the same way and enters the cor- 
nea; and it is in the same direction that the inflammatory products advance, and that 
the blood-vessels which jut out from the marginal ioops of the cornea tend to make their 
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way. Finally, it still remains to be explained why pannus generally begins at the upper 
margin of the cornea or why, in other words, the limbus is first affected at this point. If 
an eye is infected with trachoma, the conjunctiva is not attacked by the infection in its 
whole extent alike, but the infective matter adheres first to some circumscribed portion 
of the conjunctiva—generally to the conjunctiva of the tarsus or of the fornix, which is 
particularly apt to be affected with trachoma. Now, there are two ways in which the 
affection can spread from the portion of conjunctiva that is first attacked to other parts, 
namely, by continuity, in which case it extends gradually over the neighboring parts; 
and, by contiguity, in which case through contact with the diseased conjunctiva tarsi 
there is an infection of whose portions of the conjunctiva bulbi that lie opposite the 
former, and especially of the limbus, which is especially predisposed to infection. Now, 
it is precisely at the upper margin of the cornea that the limbus is in contact with the 
conjunctiva of the upper lid, and that, too, not only at night, but also all day, while the 
eye is open, since normally, even when the eye is open, the uppermost part of the cornea 
is covered by the upper lid. Here, therefore, the constant contact that exists is most 
favorable to an infection of the limbus by the diseased conjunctiva of the lids. That the 
rough condition of the latter assists in the production of this infection is likely. Such a 
condition acts partly as a mechanical irritant, partly by, giving an impetus to infection 
by producing small multiple lesions of the conjunctival and corneal epithelium. 

The ptosis which almost always accompanies trachoma and which gives trachoma- 
tous patients their characteristic appearance is in many cases attributable to the fact 
that the lid droops because it is heavy. Ptosis, however, is observed even when the 
thickening of the conjunctiva is inconsiderable, or indeed not present at all, and some- 
times patients come to a physician solely on account of the ptosis, without having experi- 
enced any other trouble from their trachoma. There must therefore be some other cause 
for the ptosis beside the thickening of the conjunctiva. I suspect that the organic ele- 
vator of the lid (musculus palpebralis superior—see § 581 and Fig. 41, t), whose smooth 
muscular fibers lie directly beneath the retrotarsal conjunctiva, shares in the inflamma- 
tion of the latter (and in older cases shares in its cicatricial contraction), and conse- 
quently becomes paralyzed. 


145. Course.—The beginning of the disease shows a clinical picture 
which varies with the inflammatory symptoms accompanying the funda- 
mental lesion. In the majority of cases the disease sets in with moderate 
symptoms of irritation—photophobia, lachrymation, pain—which aug- 
ment with the-increase in the objective changes. Not infrequently, how- 
ever, trachoma develops so insidiously that for a long time those whom 
it has attacked are not aware of it. [In places where trachoma is endemic 
this seems to be the rule.| Such persons sometimes do not have their 
attention called to their disease until the pannus as it covers the cornea 
begins to disturb their sight. These cases belong as a rule to the granular 
form of trachoma. When the people living in barracks, schools, ete., that 
are infected with trachoma undergo medical examination, there are always 
found a number of inmates who do not complain of any troubles whatever - 
and who regard themselves as perfectly healthy, while examination shows 
in the retrotarsal folds a very considerable development of trachoma 
granules. [This was eminently the case in New York when systematic 
inspection of the public schools for eye disease was first taken up; and, 
because so many of these latent cases were unearthed, the idea got abroad 
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that there was an alarming increase—a veritable epidemic—of trachoma 
in the city. The truth is that there were no more cases than before, only 
that more were discovered.—D.] In contrast with cases running this 
insidious course are the cases of what is called acute trachoma. In these 
the disease begins with very violent inflammatory accessories; the cedema 
of the lids, the great swelling of the conjunctiva, the profuse purulent 
secretion would almost lead us to imagine the case to be an acute blennor- 
rheea. The correct diagnosis can be made as a rule by our finding the con- 
junctiva studded with numerous trachoma granules, But if these are 
absent during the first days of illness, or if, because of the great swelling 
of the conjunctiva, they are not apparent, the subsequent course of the 
disease may be the only thing that can clear up the nature of the latter; 
which it does, since the hypertrophy of the conjunctiva, that is charac- 
teristic of trachoma, soon develops. Such acute cases occur chiefly during 
the prevalence of an epidemic of trachoma, and they are particularly con- 
tagious because of the profuse secretion. They are dangerous to sight not 
so much on account of pannus as of corneal ulcers, that make their appear- 
ance during the acute stage. 

[These cases are rare.] Trachoma is essentially a chronic disease 
which only exceptionally begins with great inflammation. The majority 
of the acute cases, in fact, are not simple trachoma, but trachoma to which 
is superadded a second infection with bacteria, which like the gonococcus 
or the germs causing catarrhal ophthalmia, can set up acute conjuncti- 
vitis (see pages 142 and 143). 

The subsequent case of the disease likewise varies greatly. It depends 
on (a) how far the anatomical changes in the conjunctiva have advanced, 
and (b) to what extent they are combined with inflammatory accidents 
and complications of a similar character on the part of the cornea. 

As regards the first point, in the slightest cases the hypertrophy of 
the conjunctiva amounts to but little, and the cicatricial contraction that 
is left by it is correspondingly insignificant; so much so, perhaps, that it 
may scarcely be possible any longer to make the diagnosis of trachoma, 
if some time has elapsed since it occurred. In other cases the disease gets 
well with comparatively slight scars, and this may even occur without any 
treatment, inasmuch as the hypertrophy of the conjunctiva attains only 
a moderate pitch and then spontaneously abates. It is not such a very 
rare occurrence to find in a case the characteristic scars of trachoma in the 
conjunctiva without the patient’s remembering that he ever had any 
trouble with his eyes. But in other, severe, cases the hypertrophy of the 
conjunctiva constantly progresses and sometimes reaches an extraordinary 
pitch, and consequently, also, serious changes are left in the conjunctiva. 
too, must be called every case In which the cornea has become 


Serious an 
It must be remarked, however: (1) That the symptoms of 
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irritation do not always by any means bear a fixed proportion in the objec- 
tive changes; cases with very great hypertrophy of the conjunctiva and 
thick pannus often running their course without inflammatory accidents, 
and vice versa. (2) That similarly no fixed relation exists between the 
changes in the conjunctiva of the lids and those of the cornea. We see 
cases with very pronounced proliferation of the palpebral conjunctiva 
without pannus, and, on the other hand, cases with pannus and ulcers 
associated with a trifling affection of the conjunctiva. (3) In one and 
the same case the course is often very variable, in that sometimes inter- 
missions or even spontaneous partial recoveries, sometimes relapses and 
exacerbations, occur. The latter are surely to be expected if, in a case 
that has been improved by treatment, treatment is too soon discontinued ; 
but it is noticed that they also occur without any known cause under 
appropriate treatment properly carried out. Thus, a suddenly occurring 
‘supplemental attack of pannus can in a short time annihilate the results 
of months of treatment. 

146. Stage of Sequele of Trachoma.—It is only the lightest cases, 
or those that come under treatment early, that are completely cured. 
In other cases there are left sequele, which are accompanied by a perma- 
nent impairment of the eye. These affect either the lids and conjunctiva 
or the cornea. They are as follows: 

1. Distortion of the ids with faulty disposition of the cilia. The dis- 
tortion is produced by the cicatricial contraction of the conjunctiva and 
the tarsus, as a result of which the tarsus bends in such a way as to be con- 
vex anteriorly. This distortion is recognizable even from an inspection 
of the lids while in situ, from the fact that they bulge more than usual. 
It appears still more clearly on everting the lids, especially in the upper 

. lid, in which the distortion is always more pronounced. We find the con- 
junctival surface of this lid traversed by cicatrices, among which one that 
is particularly striking is a cicatricial band which runs in the form of a 
narrow white line some millimetres above the free edge of the lid and parallel 
with it (Fig. 52 B). Along this line there is a furrow-like depression pro- 
duced by the drawing in of the conjunctiva and the tarsus. On everting 
the lids we feel that corresponding to this spot and lying, therefore, in the 
neighborhood of the free border of the lid, there is an angular bend of the 
tarsus (4, Fig. 48 B). From this bending of the tarsus the whole lid acquires 
a sort of boat-like or bowl-like shape. 

The cause of the distortion of the tarsus lies partly in the cicatricial 
contraction of the conjunctiva; for, as the conjunctiva grows shorter 
upon the posterior surface of the tarsus, it tends to bulge the latter for- 
ward. But the distortion is mainly produced by changes in the tarsus 
itself. The latter is as much the seat of inflammatory infiltration in severe 
cases of trachoma as is the conjunctiva itself. It is hence increased in size 
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and, when we evert the lid, we feel that it is thicker, wider, and at the 
same time less pliable, so that sometimes the eversion of the lids is rendered 
considerably more difficult. From such a state of things the experienced 
observer would infer that he has to fear a subsequent distortion of the 
tarsus with its consequences. The infiltration and thickening of the tarsus 
are greatest near its lower margin, along the line at which the blood-vessels 
passing to the conjunctiva from in front perforate the tarsus (see page 
133 and Fig. 42, rp). There is no doubt but that it is chiefly along these 
vessels that the inflammatory infiltration makes its way from the conjunc- 
tiva to the tarsus. Hence, cicatricial contraction, which succeeds the infil- 
tration and which makes the whole tarsus thinner and narrower, is greatest 
at this spot and produces there an angular bending of the tarsus, corre- 
sponding to which is the cicatricial line that is seen running horizontally 
upon the conjunctiva tarsi, and the position of which agrees in general 
with that of the sulcus subtarsalis present in the normal lid (Fig. 52 B). 

The immediate consequence of the distortion of the lid is an altera- 
tion in the position of its free border and of the cilia springing from it. 
The free border of the lid no longer looks straight downward (or in the 
lower lid straight upward), but backward (inward). The internal margin 
of the lid, which in the healthy state is sharp, becomes rounded off (‘worn 
down’’) and is no longer to be recognized with distinctness (Fig. 48 B, 11), 
this being due partly to the way in which it is drawn by the contracting con- 
junctiva, partly to the pressure of the eyeball uponit. Bytheturning inward 
of the free border of the lid the direction of the cilia (c:) is changed, so that 
they now no longer look forward, but backward, and hence touch the sur- 
face of the cornea (trichiasis). Another factor besides the distortion of the 
tarsus that contributes to this false position of the cilia, is the tension which 
the contracting conjunctiva exerts. This tends to draw the skin, and with 
it the cilia, over the free border of the lid and up upon the posterior surface. 

If the distortion of the lid progresses, the entire border of the lid 
turns backward and entropion is produced. In trichiasis and entropion 
alike there is a permanent condition of irritation, which is excited and main- 
tained in the eye by the constant contact of the cilia with the cornea; if 
this condition lasts any length of time, diseases of the cornea make their 
appearance as a consequence of the mechanical injury produced by the 
cilia (see §§ 205 and 256). 

The opposite kind of anomaly of position of the lid—that is, its turn- 
ing outward, or ectropion—also occurs as a result of trachoma. The cause 
of this is that the conjunctiva, when it is thickened and has undergone 
great proliferation, crowds the lid away from the eyeball; the contraction 
of the muscular fibers of the orbicularis then suffices to complete the 
eversion of the lid. This kind of ectropion is usually found only in the . 


lower lid (see § 611). 
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2. Symblepharon Posterius.—When the cicatricial contraction of the 
conjunctiva reaches a high degree, the folds of the region of transition 
flatten out completely; the conjunctiva passes directly from the lid to 
the eyeball (fi, Fig. 48 B). If the lower lid is drawn down with the finger, 
the conjunctiva stretches tightly in the form of a vertical fold between the 
lid and the eyeball, and if the lid is drawn down still farther, the eyeball, 
being fastened tightly to it by the conjunctiva, must follow. This con- 
dition is characterized as symblepharon posterius (see § 177). In particu- 
larly severe cases the lower half of the conjunctival sac is reduced to a 
shallow groove between the lid and the eyeball. 

3. Xerosis Conjunctive—This condition develops when the con- 
junctiva, owing to excessive atrophy, loses its secretory functions. A 
steady diminution in the lachrymal secretions, which occurs at the same 
time, contributes to the production of the xerosis. Xerosis manifests 
itself by the following signs: The secretion, formerly copious, now becomes 
steadily scantier and assumes a tough, sticky, viscid character. In con- 
junction with this, a feeling of dryness develops in the eye. Subsequently 
there appear on the conjunctiva tarsi several dry-looking places, to which 
the lachrymal fluid cannot adhere any more than if they were smeared 
with grease. This condition tends to spread, until finally the conjunctiva 
may be affected by it throughout its whole extent. The cornea, which as 
a rule has become partly cicatricial from previous pannus and ulcers, like- 
wise suffers from the deficient moistening; its epithelium becomes thicker, 
epidermoid, dry upon the surface, and hence opaque. Thus is produced 
that melancholy condition which is called xerophthalmus and which forms 
the worst termination of trachoma; the eye is rendered incurably blind, is 
disfiguring to its possessor, and in addition keeps torturing him with a 
constant, very tormenting sense of dryness (see § 180). 

4. Corneal Opacities—These are after-effects, both of ulcers of the 
cornea and of pannus. A recent pannus, it is true, can disappear completely 
by a process of absorption, so that the cornea reacquires its normal trans- 
parency. But often further changes take place in the pannus, which 
render its complete disappearance impossible. Among them is to be 
reckoned in the first place (a) the transformation into connective tissue, 
which the pannus undergoes if it lasts for a long time. In this the same 
change takes place in the pannus as in the trachomatous conjunctiva, a 
portion of the cells of which the pannus is composed growing into spindle- 
cells and finally into connective-tissue fibers. As a consequence of this the 
pannus becomes thinner; its surface grows smooth, the vessels with a few 
exceptions disappear, and at length the pannus is transformed into a thin 
membrane of connective tissue which covers the surface of the cornea and 
hardly admits of further resorption. In cases in which the pannus is 
quite thick and succulent and covers the whole cornea, (b) ectasia of the 
cornea sometimes results. That is, as the tissue of the pannus, which is 
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soft and abounding in cells, penetrates more deeply into the cornea, the 
tissue of the latter softens and gives way before the intra-ocular pressure 
(keratectasia e panno). Such a cornea never becomes perfectly clear again. 
The same thing is true, finally, of those cases in which (c) pannus is com- 
plicated with ulcers; the regions which are occupied by the latter likewise 
have permanent opacities left upon them. 

Trachoma, then, is a disease which is distinguished by its duration, 
extending over years, and which in many cases renders those who are 
attacked by it half or wholly blind. If we add to this the fact that because 
of its infectious nature it is exceedingly apt to spread, we shall understand 
how, for those regions in which it is endemic, it is a veritable scourge. 

147. Etiology.—Trachoma originates exclusively in infection proceed- 
ing from another eye affected with trachoma. Infection takes place by 
transfer of the secretion; contagion by means of the atmosphere, the exist- 
ence of which was formerly accepted, seems not to occur. In all probability 
the secretion owes its infectious character to a micro-organism, as to whose 
nature, however, the investigations have not as yet been concluded. 
Since it is the secretion alone that transmits the infection, the danger 
of infection, which any given case carries with it, is in direct proportion to 
the amount of the secretion; the more profuse the latter, the greater being 
the danger to those in the immediate neighborhood of the patient. [Per 
contra, ordinary trachoma, which is attended with very little secretion, is 
in all probability but slightly contagious. We often see families, some mem- 
ber of which suffers from trachoma and yet fails to infect the others with 
whom he is all the time brought into intimate contact—and that too, when 
the commonest hygienic precautions are entirely neglected. It seems prob- 
able that something must be added to chronic trachoma to make it actively 
contagious, and that in most cases this something is an intercurrent con- 
junctivitis which furnishes the secretion that acts to carry the contagium.— 
D.] The transfer of the secretion from one eye to another generally takes 
place indirectly through the medium of the finger or very frequently through 
the medium of any article which, like sponges, towels, handkerchiefs, etc., 
is brought into contact with the eyes in making the toilet. A special oppor- 
tunity for this to occur is afforded when a pretty large number of people 
have their sleeping apartments in common, and so, too, make common use 
of the articles above mentioned. Hence, trachoma spreads most extensively 
in barracks, penal establishments, poorhouses, boarding schools, orphan 
asylums, day schools of all kinds, etc. Moreover, outside of such institu- 
tions the same factor asserts itself, trachoma mainly attacking poor people 
who live crowded close together and bestow little care upon cleanliness. 
Furthermore, the fact that in many countries the Jews are special sufferers 
from trachoma is to be attributed to the same cause. Trachoma, finally, 
varies in its geographical distribution. It is most frequent in Arabia [and 
Palestine] and in Egypt, which is regarded as its proper home (ophthalmia 
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gyptiaca, Egyptian ophthalmia). [In these countries scarcely anyone is 
free from it.] In Europe it is much more wide-spread in the east than in the 
west. [It was formerly thought that elevated regions were almost entirely 
free from it. This is true of Switzerland and the Tyrol; but it is very preva- 
lent in the Caucasus and in the mountainous parts of West Virgiia and 
Kentucky.] In Europe it is very frequently found in the low lands (Bel- 
gium, Holland, Hungary, and the whole region of the lower Danube). 

[In this country it is common in our Eastern cities, especially among 
the foreign population and most of all among the Russian and Polish Jews 
and immigrants from Eastern Europe generally and among the Irish and 
Italians. It occurs frequently, too, among the Chinese and Japanese. It is 
also common, however, and often in a severe form, among our native Amer- 
icans, particularly in some parts of the Middle West (Illmois, Kentucky, 
West Virginia). It is prevalent among the Indians, while negroes, in this 
country at least, and in Cuba, are almost exempt (Swan Burnett and 
others). This exemption, however, is probably due rather to conditions of 
environment than to any racial immunity: In fact, it is doubtful whether 
any marked racial or climatic immunity or predisposition to the disease 
exists (Axenfeld). 

It has been thought that trachoma is rare in very young children, but 
in the Near East it is common even in infants, although usually in benign 
forms, complications being infrequent (Butler, Friedenwald).—D.] 


aol be was at the commencement af the last century that trachoma began to attract 
the atténtion of physicians to any great degree. It was then that the disease first showed 
itself as an epidemic among the European armies (ophthalmia militaris). People were 
of the opinion that it had been introduced into Europe from Egypt (hence ophthalmia 
Aigyptiaca) by Napoleon I. For when the latter, in July, 1798, landed in Egypt with 
an army of thirty-two thousand men, most of the soldiers were very soon attacked by a 
violent ophthalmia, and these were supposed to have brought with them upon their 
return to Europe the disease which was formerly confined to Egypt. Subsequent histor- 
ical researches, however, have shown that the disease had already been endemic in 
Kurope since antiquity. It is mentioned in the Ebers papyrus and in a pseudo-Hippo- 
cratic manuscript. Celsus gives a good description of the roughness of the lids and the 
purulent discharge that it occasions. For treatment the ancients employed searification 
of the conjunctiva, which is still to-day made use of by some, and which was accom- 
plished both by means of various instruments and also by friction with fig leaves. 

From time immemorial, then, trachoma has existed in Europe as an endemic 
disease. But when by reason of the Napoleonic wars the armies came so repeatedly 
in contact with each other and with the civil population, the disease became more 
widely disseminated and occurred in epidemics. In some countries it became fright- 
fully prevalent. In the English army, during the year 1818, there were more than 5,000 
on the invalid list, who had been rendered blind as a consequence of trachoma. In 
the Prussian army, from 1813 to 1817, 20,000 to 30,000 men were attacked with 1s 
in the Russian army, from 1816 to 1839, 76,811 men were subjects of the disease. In 
Belgium, in 1840, one out of every five soldiers was affected with trachoma. The French 
army, which was supposed to form the starting-point of the disease, was just the one 
that, relatively speaking, was least attacked. The armies disseminated trachoma 
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among the civil population through the discharge of soldiers affected with eye diseases, 
through the quartering of troops, ete. When they had so many trachomatous soldiers 
in the Belgian army that they did not know what to do, the Government applied to 
Jiingken, who had then great repute as an ophthalmologist in Berlin. He recommended 
them to dismiss the trachomatous soldiers to their homes. By means of this fatal meas- 
ure trachoma soon became diffused in Belgium to an extent that has been observed 
in no other European state. 

Among the civil population trachoma finds a favorable soil for its dissemination 
in places where many men dwell together, hence among the poorer classes, but par- 
ticularly in large public asylums. If trachoma has made its way into such an establish- 
ment, and no measures are taken against its spreading, soon a great number or even 
all the inmates will be attacked by it., In a pauper school at Holborn, the whole five 
hundred children suffered from trachoma (Bader). Hairion, in 1840, found in an orphan 
asylum at Mecheln sixty-four out of sixty-six orphan girls affected with trachoma; 
in Mons, seventy-one out of seventy-four orphan girls were suffering from the disease. 
On board ship, where the crew live so closely crowded together, trachoma can spread’ 
very quickly. Mackenzie tells the story of the epidemic which raged upon the French: 
slave ship Rodeur in the year 1819. The disease broke out during the voyage, and first. 
among the negroes who, to the number of 160, were crowded together in the hold.. 
When they took the unfortunate people up on deck, because the fresh air seemed to) 
have a favorable influence on the ophthalmia, many threw themselves overboard, so 
that they had to desist from doing this. Soon one of the sailors also was attacked, 
and three days later the captain and almost the whole crew were taken down with the 
disease, so that it was only with the greatest difficulty that the ship could be brought 
to its destination. 

According to the descriptions of that time, trachoma then ran a very acute course, 
and was attended with profuse secretion, circumstances which explain the rapidity 
with which the disease spread and the frequency with which it ended in blindness due 
to suppuration of the cornea. Now that epidemics have ceased, these acute cases are 
rare, and the disease has become comparatively benign. At present trachoma exists 
in many countries as an endemic disease but mostly occurs under that chronic form 
under which, with scarcely any exceptions, we now see it. At the same time its preva- 
lence has diminished. In 1888 the Prussian army had but 10 trachoma patients for 
every 1,000 soldiers. In Austria, in whose eastern provinces trachoma is still very prev- 
alent, 8 out of every 1,000 of the military effectives were attacked by trachoma annu- 
ally during the years 1881 to 1890. [In Roumania in 1900 15.9 per cent of the army and 
at present 5 to 7 per cent of the school children in Bucharest are affected (Puscariu).] 
In the Orient there is a very different state of affairs. Thus in Egypt [and Palestine], 
even at the present time, it is scarcely possible to find a native who has a normal con- 
junctiva, and innumerable people there are blind. [Blindness, however, in these 
countries is due rarely to trachoma, but rather to the acute summer epidemics of 
conjunctivitis with severe corneal complications (Butler and others).—D.] 

Trachoma, therefore, not only appears under a varying clinical aspect, sometimes 
acute and threatening, sometimes chronic and mild, but it also seems to have changed 
its character in the course of time. The explanation of the way in which this has oc- 
curred was afforded by the study of trachoma in its native land, Egypt, where ophthal- 
mia Adgyptiaca still rages as in the olden time. Investigations have shown (Miller, 
Morax) that in Egypt almost every native suffers from trachoma, with which as a rule 
he has been infected already in childhood. This runs just as chronic a course as with 
us and véry frequently produces pannus. But, in addition, many of the natives are 
attacked during the hot season by an acuie inflammation of the eyes, in the secretion 
from which there is found either the gonococcus or one of the germs causing acute 
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catarrhal ophthalmia, and most often the Koch-Weeks bacillus. It is cases of the 
former kind that by causing suppuration of the cornea produce the blindness that is 
so prevalent in Egypt. Now all these different inflammations of the eyes were lumped 
together under the name of Egyptian ophthalmia and were regarded as identical with 
trachoma, while, as a matter of fact, only the chronic cases are pure trachoma and 
most of the acute cases are mixed infections. A knowledge of this fact leads us to sup- 
pose that in Europe, too, during the great trachoma epidemics with their cases that 
ran such an acute and dangerous course, it was generally a question of mixed infections, 
being so either from the outset or from the subsequent superaddition of a second infec- 
tion (Morax). However, the existence of an acute inflammation in pure trachoma can- 
not be altogether excluded. Experiments in the transfer of a pure trachomatous secre- 
tion to man have sometimes after an incubation period 
of 8 to 10 days resulted in the outbreak of trachoma with 
acute inflammatory symptoms (Addario, Greef). Of 
animals monkeys alone can be infected with trachoma. 
Halberstaedter and Prowazek regard as the exciting 
cause of trachoma a structure which they have found in 
the epithelial cells of the trachomatous conjunctiva and 
which they call by the name of chlamydozoon. In the 
protoplasm of the epithelial cells there first appear gran- 
ules which are as large as ordinary cocci or larger, and 
which as they multiplybecome separated from each other, 
so that they enclose a cavity destitute of granules (Fig. 
oe es Te lend 54). In this cavity, then, very minute granules make 
a eS their appearance which are smaller than cocci and which 
tarsal fold in a recent trachoma stain differently from the granules that first appeared. 
See tee rrarectiis [Quite similar structures have been found in new-born 
cells contain parasitic inclusions. jnfants affected with inclusion blennorrhcea, which, how- 
In the most superficially placed x i < ‘i 
cell some pretty large granules ever, seems to be a morbid entity differing from trachoma 
form a small group alongside the (se nage 161). Although these inclusions are occasionally 


nucleus in a ring-shaped cavity 


which has been produced arti- found in other forms of conjunctivitis and rarely in the 
ficially by shrinking in the harden- ‘ . wees Se eek Me - ; 

ing ftuid. : The two cells lying normal conjunctiva, their diagnostic significance is consid- 
Saaa, heak ee obs erable and they are to be regarded as really pathogenic. 


other and enclosing a cavity in They occur in the conjunctiva only and in all its layers 
which lie granules still more . q ™ . ‘ 
mate imbedded in an irregular (Axenfeld) and, since they can be cultivated outside of 
shrunken ground substance. Thus cf i . . 
there is formed a rather large the body, must be regarded as representing definite 


<bean structure, which pushes organisms (Noguchi and Cohen).—D. | 
e cell nucleus to one side and . le 
iateane dt. [Some observers, on the other hand, claim that the 
cell inclusions are due simply to the intracellular growth 

of gonococci and hemoglobinophile bacteria and that trachoma itself is not a morbid 
entity at all, but simply the expression of the reaction of the conjunctiva to various 
morbid agents. This is undoubtedly true of some of the manifestations of trachoma 
(see page 181), but the best authorities do not admit that it is true of trachoma itself 
nor accept this explanation of the cell inclusions.—D. | 

[Another disease marked by cell inclusions and clinically closely resembling tra- 
choma is desquamative epitheliosis. This condition, which is caused by the Cytozoon 
atrophicans, and which may occur in conjunction with Samoan conjunctivitis (see 
page 142), or independently, produces an acute conjunctivitis with adema of the lids 
and infiltration of the cornea. The conjunctiva contains follicles, in which are large 
epithelioid cells containing reddish cell inclusions. Epithelial atrophy and vacuola- 
tion of the cell-walls are marked (Leber).—D.] 
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148. [Differential Diagnosis.—There are several conditions resembling ' 
trachoma, particularly in the formation of granulations. Chief among these’ 
is (1) follicular catarrh (see § 133).—D.] 


The two diseases are very similar, in that lymph follicles occur as characteristic 
formations in both. In follicular catarrh they are smaller, are more sharply limited, 
and project farther above the surface of the conjunctiva; in trachoma they are larger, 
destitute of sharp outlines, and less prominent. Follicles proper are often oblong-oval 
(cylindrical) and placed side by side, in a row like a string of pearls, while trachoma- 
tous granulations are round and more rarely present any such arrangement in rows. 
But these characteristics are sometimes so obscured that even experts cannot, in many 
eases, make the diagnosis with certainty, and the subsequent course of the disease 
alone affords the desired information. Even in the histological structure no thorough- 
going distinction can be found between follicles and trachomatous granulations. A 
further resemblance between follicular catarrh and trachoma consists in the fact that 
they both chiefly occur among bodies of men who are confined in a small space. It is 
therefore easy to understand that these two diseases have repeatedly been confounded 
with each other; and a number of authors, in fact, explain follicular catarrh as being 
a kind of trachoma distinguished by its mildness and freedom from danger. That this 
is not correct is obvious from the fact that in follicular catarrh the exciting agent char- 
acteristic of trachoma is not found. To the same effect are the observations on the 
origin of follicular catarrh. It is not, indeed, yet certain whether follicular catarrh 
occurring among confined bodies of men is propagated by contagion, like trachoma, 
or is merely a result of the contamination of the air by dust, exhalations, etc. On the 
other hand, it is quite satisfactorily established that, under certain circumstances, 
follicular catarrh may arise without any contagion whatever. This is the case with 
the catarrh produced by atropine (see § 323), in which the irritation is a purely chemical 
one. But trachoma can never arise without contagion. A further and more import- 
ant distinction between the two diseases is the course. Follicular catarrh is not asso- 
ciated, or is associated to only an inconsiderable degree, with papillary hypertrophy 
of the conjunctiva; it never leads to shrinking of the conjunctiva, to pannus, or to any 
of the other sequele; it is a disease perfectly devoid of danger, one which, even with- 
out any treatment, finally gets well and leaves no trace behind; so that on this account 
alone the differentiation of the two diseases is not only theoretically, but also practi- 
cally, of great importance. 

If a physician in any case is doubtful whether he is dealing with a trachoma or a 
follicular catarrh—a distinction which often cannot be made in the first examination, 
especially in cases of acute onset—he must denote the case as suspected trachoma, 
must take the steps necessary to avoid the spread of the disease, and must begin the 
treatment. If this treatment in a few days leads to rapid decline of the inflammation 
and diminution in size of the granulations, the case is one of follicular catarrh, since a 
trachoma would be much more obstinate. The right diagnosis can also be made if it 
is possible to demonstrate the presence of the exciting organisms of trachoma, but the 
preparation of properly stained specimens of these organisms requires special practice. 

Probably we must regard the formation of granulations composed of adenoid 
tissue not as anything at all specific, but only as a particular form of reaction, which 
the conjunctiva of the eye, like other mucous membranes, exhibits toward many different 
sorts of irritants. Such a formation of granulations occurs in its most pronounced form 
in trachoma and in follicular catarrh. It may also occur in the following conditions: 

(2) Certain cases of tuberculosis of the conjunctiva (page 208), which begin with 
an abundant development of granulations, quite as in trachoma. 
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(3) Certain conjunctival affections, regarded as syphilitic, im which there is an 
abundant formation of granulations (Goldzieher and Sattler). 

(4) Cases in which nodules resembling follicles have formed round small for- 
eign bodies, as when plant hairs or caterpillar hairs have gotten into the eye and pene- 
trated into the tissue of the conjunctiva. 

(5) Parinaud’s conjunctivitis (see page 209). 

(6) Sporotrichosis of the conjunctiva (see page 210). 

[(7) Desquamative epitheliosis (see page 180).] 

149. Therapy.—The treatment of the trachomatous conjunctiva has a 
twofold object in view; on the one hand, it seeks to do away with the 
inflammatory complications and the increase of secretion, which is associ- 
ated with them; on the other hand, to further the disappearance of the 
conjunctival hypertrophy. In this way it is most likely that the process of 
shrinking in the conjunctiva will be restricted as much as possible, so as to 
avert the evil consequences resulting from its cicatricial contraction. We 
attain both objects by the proper employment of caustics, of which two are 
almost exclusively in use: nitrate of silver in 2-per-cent solution and sul- 
phate of copper in the form of a stick. The silver has the feebler action, and 
is therefore borne better; copper, beg applied in substance, has a corre- 
spondingly stronger cauterant action, but also causes more irritation (see 
page 159). These remedies are, as a rule, applied once a day, it being only 
in severe cases that they are used twice a day. The indications for the two 
remedies are as follows: Nitrate of silver is employed in all recent cases 
with violent inflammatory symptoms and great secretion. It can also be 
used when there are ulcers upon the cornea that are still in the progressive 
stage, if we take care that none of the solution comes into contact with the 
cornea itself. Copper sulphate is suitable for those cases in which the 
inflammatory symptoms are small, and its chief use is in removing the 
hypertrophy of the conjunctiva. For this purpose it acts much more 
energetically than the silver solution, and should therefore be used 
in preference to it in all those cases in which its application is allow- 
able at all. Great inflammatory irritation, and particularly the presence of 
ulcers of the cornea in a state of active progress, contraindicate the use of 
the bluestone. 

From these indications it follows that, as a rule, we treat a recent case 
with the silver solution until the inflammatory symptoms have disappeared 
and the secretion has diminished. As soon as this has oecurred—and several 
weeks are generally sufficient for the purpose—we replace the silver solution 
by bluestone. At any rate, we must avoid using the silver solution for too 
long a time on account of the argyrosis which may develop as a result of it. 
The copper is now to be used, the application of it being made stronger or 
weaker according to the degree of hypertrophy, and is to be kept up for 
months and even years, until every trace of hypertrophy has vanished and 
the conjunctiva has become free from congestion and smooth throughout. 
At first the application is made every day; but when only slight remains of 
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the hypertrophy exist, it is sufficient to make the application every other 

- day, and subsequently every third day; and at this stage, the milder acting 
alum pencil (a sliver of alum whittled down to a fine edge) may be substi-’ 
tuted for the bluestone. Moreover, the application should be made less and 
less energetically all the time, until finally, when the cure of the trachoma 
is complete, the application is entirely suspended. In these later stages of 
the disease we can instruct the patient how te evert the lid himself and 
touch it with the bluestone, so that he need not come so often to the phy- 
sician. Or, we may prescribe for him an ointment of cupper sulphate (14 
to 1 per cent) or of copper citrate (10 per cent; Arlt, Jr.), which he himself 
ean rub into the conjunctival sac. [An effectual substitute for the copper 
stick is a 10-per-cent solution of copper sulphate in glycerin. This is diluted 
with from 15 to 60 parts of water, and the mixture is dropped into the eye 
three or four times a day. The aqueous mixture must be made up fresh 
daily, and its strength increased as fast as the patient:can stand it (Prince). 
—D.| When there is great cicatricial contraction of the conjunctiva the 
bluestone is not applicable at all, and must be replaced by ointments. A 
1- or 2-per-cent ointment of white or yellow mercurial precipitate (the latter 
acts more energetically) may be rubbed into the conjunctival sac. In 
relapses with great inflammatory irritation, such as often occur in the course 
of the treatment, the copper is always to be replaced for a short time by the 
silver solution. If, however, the symptoms of irritation are very violent, 
the silver solution itself cannot always be borne, and must then be replaced 
for some time by milder remedies, such as instillations or compresses made 
with weak solutions of corrosive sublimate or boric acid. 

The operative treatment of trachoma is indicated in cases in which very 
numerous granulations are present in the retrotarsal folds. [In recent cases 
with abundant, succulent granulations, we remove the latter by curetting, 

~or the galvano-cautery, or, better and more thoroughly, by expression or 
brossage (see § 819). Cauterization with carbon dioxide snow has also been 
used with success (Butler).—D.] . 

Keining’s method of daily repeated friction of the conjunctiva with a 
1: 2,000 sublimate solution or the massage of the conjunctiva with a rounded 
glass rod is also efficient, mainly owing to its mechanical effect—ie., to its 
causing expression of the granules. [A sublimate solution of 1: 500 may be 
used, rubbed well into the retrotarsal folds. It causes no more irritation 
than the copper stick and by many is held to be at least equally effective. 
Phototherapy and actinotherapy have also been used with more or less suc- 
cess for removing the granulations.—D.] 

None of the mechanical measures should be applied, if there is any evi- 
dence of considerable inflammatory irritation of the eye, such as marked 
redness and swelling of the conjunctiva and secretion in corresponding 
amount. If these are present, they are to be allayed by a sufficiently pro- 
longed treatment with the silver solution before any operation is done. 
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Neither an immediate nor a radical cure of trachoma is effected by 
these mechanical means, since along with the larger granulations small ones 
in process of development are always present, which cannot be removed, 
and which grow bigger afterward. Hence it is necessary after the reaction 
produced by the operation has subsided to apply caustics in the usual way. 
But it must be conceded that in suitable cases the duration of treatment is 
considerably shortened by expression and similar procedures. 

The treatment of trachoma must be kept up until the hypertrophy of 
the conjunctiva is completely done away with, as otherwise relapses are to 
be looked for sooner or later. The chief difficulty in the treatment les in 
its great length, it often requiring many months for a complete cure. Those 
patients who have not the endurance nor the means necessary for such a 
course, give up treatment as soon as their subjective troubles have disap- 
peared, without, however, being completely cured. Then we commonly see 
them returning after some time with a relapse, which is often more severe 
than the disease for which we originally treated them. This lack of com- 
pleteness in the treatment is the reason why the disease with many men 
drags on through their whole life. 

[To avoid this protracted and incomplete treatment and particularly to 
prevent complications, many advocate the early performance of a radical 
operation (excision of the tarsus and infected conjunctiva—see §§ 824,833). 
This seems indicated, at all events, whenever the disease shows no prospect 
of yielding to the milder measures already outlined or when pannus or other 
threatening complications are setting in. In children, however, the radical 
operation should not be done, unless absolutely necessary.—D.| 

150. The treatment of complications affecting the cornea is conducted on 
the principle that the affections of the cornea, caused by a conjunctival 
trouble, are best cured by the treatment of the conjunctival trouble itself. 
Hence, ulcers of the cornea when occurring in connection with trachoma are 
not combated directly, but have their cure brought about by means of 
applications made to the conjunctiva. The only limitation to this is that, 
where there are corneal ulcers in active progress, the silver solution is 
demanded and the bluestone, on the other hand, is contraindicated, and 
further, that contact of the caustic with the cornea should be avoided as far 
as possible. Tor the iritis, which not rarely is associated with ulcers of the 
cornea, atropine in 1-per-cent solution is instilled. In other respects, ulcers 
of the cornea are to be treated according to the rules which are in general 
applicable to them (see §§ 208 et seq.). Only it must be noted that bandaging, 
which is generally indicated in the case of ulcers of the cornea, should be 
avoided as far as possible when trachoma is present, because by the closure 
of the eye the secretion is retained in the conjunctival sac, and thus both 
the conjunctival and the corneal troubles are aggravated. 

Pannus, in recent cases, disappears of itself, simply from applications 
being made to the conjunctiva. If the pannus is unusually dense, it is allow- 
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able to make careful applications of the caustic to the pannus itself. Since 
pannus is often associated with slight iritis, atropine should be instilled from 
time to time, in order to keep the pupil dilated and prevent the formation 
of posterior synechiz. [In recent pannus we may try subconjunctival injec- 
tions (page 65) and in thick pannus, peritomy (§824). | 


Very old pannus, which already is partly made up of connective tissue and has 
lost all but a few of its vessels, requires special treatment. Experience has shown that 
further resorption can be obtained in such a pannus by exciting a violent inflamma- 
tion in it, and so producing an increased succulence and a greater vascularity. For 
this purpose we make use of the jequirity treatment (De Wecker). . We here employ 
a 3- to 5-per-cent infusion of jequirity, which is prepared by extracting the ground 
jequirity beans for twenty-four hours with cold water. With this infusion, which is to 
be prepared fresh every day, the conjunctiva of the everted lids is painted very thor- 
oughly two or three times a day. The inflammation that is thus produced reaches the 
desired height on the second or third day, when the lids are reddened and become swol- 
len with cedema, the conjunctiva is strongly injected and covered with a croupous 
membrane, and slight chemosis is often present. This inflammation we call jequirity 
ophthalmia. As soon as it has attained the height just described, the further appli- 
cation of the remedy is discontinued, as otherwise we should make the inflammation 
increase to the point where it would cause a necrotic disintegration of the conjunctiva 
and cornea. We now allow the inflammation to run its course, simply keeping the 
eye clean; when the inflammation has completely subsided, the cornea is found to have 
gained in transparency as compared with its former state, and sometimes to a very 
considerable extent. This very energetic treatment is adapted only to those old cases 
of trachoma in which the more pronounced symptoms of inflammation are wanting, 
the conjunctiva is in great part cicatricial, and the cornea is entirely covered by old 
pannus. 

Jequirity (the seeds of the Abrus precatorius) has for a long time been in use in 
Brazil, where trachoma is endemic, as a popular remedy for this disease. Its action 
does not depend upon the presence of micro-organisms in the infusion, as was originally 
believed, but upon an unorganized ferment (abrin) which is excessively poisonous 
(Hippel, Neisser, Salomonsen, Venneman). A pure product of this sort, prepared by 
Romer under the name of jequiritol, may be used instead of the infusion of jequirity. 


151. Of the sequele of trachoma, [the distortion of the lids and its con- 
sequences,] trichiasis, entropion, land ectropion], demand operative treat- 
ment (see §§ 827-839). The symblepharon posterius, which is produced by 
the shrinking of the conjunctiva, is not amenable to treatment. Xerosis 
of the conjunctiva is also incurable, so that treatment must be limited to 
the amelioration of the patient’s sufferings. To diminish the sense of 
dryness, frequent instillations of milk, glycerin, or mucilaginous substances 
(e.g., the mucilago seminum cydoniorum) may be made. For bad cases, 
Rudin, in order to preserve the eyeball from desiccation, has advised 
refreshing the edges of the lids and stitching them together, so as to unite 
them throughout except for a small space in their middle. 

152. Hygienic Treatment.—In addition to the foregoing measures for 
the treatment of trachoma, it is self-evident that care must be taken to keep 
the eye clean, for which purpose we may prescribe weak antiseptic solutions. 
The patient should have a nourishing diet; he ought not to be kept in his 
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room, but, on the contrary, should be made to go out as much as possible 
in the open air and take exercise, and if necessary may be directed to engage 
in some light out-of-door work. 

With a disease of this infectious character, its dissemination should be 
checked by suitable prophylaxis. The physician must set a good example, 
and must cleanse his hands carefully after touching a trachomatous eye. 
He must call the attention of the patient affected with trachoma to the con- 
tagious nature of this disease. He must teach him how to protect from 
infection the other eye, which may be still healthy, and how to avoid spread- 
ing the disease among those in his immediate neighborhood, his family, his 
fellow-workmen, ete. For securing the latter object, the prime requisite is 
that the patient should have his own washing materials, linen, bed, etc., and 
should keep them-exclusively for his own use. 

The prevention of epidemics of trachoma in public establishments, 
such as barracks and institutions and schools of every sort, constitutes an 
important duty of the officials in charge of such places. These officials 
should take care that the members of their community have separate wash- 
ing materials, linen, etc., for their use. They should be kept apprised of the 
presence of any trachomatous patients by means of frequent medical inspec- 
tion, and, as soon as such a patient is found, he should be immediately 
removed from the community; for, where no trachomatous patient is found, 
no extension of the disease is possible. 

[In this country a great deal has been done in the way of prophylaxis 
by excluding trachomatous immigrants, by the systematic inspection and 
treatment of children in the public schools and in some places by making 
trachoma a reportable disease. It is important that the public should be 
educated with regard to the grave significance of the disease and the way in 
which it can be avoided.—D.] 


Y. ConsuncTivitis DIPHTHERICA 


153. Conjunctivitis diphtherica,” like gonorrhceal conjunctivitis and 
trachoma, is a purulent inflammation of the conjunctiva which spreads by 
contagion, and the secretion of which is infectious. But the contagium is 
different from that of the other two diseases, being in this case the diphtheria 
bacillus of Léffler. The inflammation produced by this is generally violent, 
and in the severe cases is among the most intense of any that are observed 
in the conjunctiva.. The lids are much swollen and reddened, hot, and pain- 
ful to the touch. In particularly severe cases the lids are actually of board- 
like hardness, so that it is impossible to evert them, and scarcely possible 
even to open the palpebral fissure. The lymphatic glands in front of the 
ear or in the neck are swollen. The appearance of the conjunctiva is char- 
acteristic of the property that the diphtheria bacillus possesses of producing 
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_ a profuse exudation which has a great tendency to coagulate. This coagu- 
lation either affects the exudate that is poured out upon the surface of the 
conjunctiva, and which consequently clots to form membranes, or it takes 
place within the tissue of the conjunctiva. Consequently we may distin- 
guish two forms of diphtheria of the conjunctiva, the clinical aspect of which 
is depicted below. This, however, does not suffice for a sure diagnosis, 
since the same picture may be produced by other bacteria beside the Léffler 
bacillus (see page 191). Hence, a bacteriological examination is also neces- 
sary, and the more so because upon it will depend in part the treatment 
(e.g., as to employment of antitoxin, and regulations to prevent the transmis- 
sion of the disease). [The two forms are:—] 

(a) The superficial or crowpous form. This is characterized by the 
presence of a grayish-white membrane, which adheres pretty closely to the ° 
surface of the conjunctiva, but still can be usually removed from it with a 
forceps. When this is done we find the conjunctiva beneath to be greatly 
reddened and swollen and in some places bleeding, but we notice no great 
losses of substance in it. The membrane which we have detached consists 
of a minute fibrous meshwork of clotted fibrin, in which pus corpuscles and 
a few epithelial cells from the conjunctiva are imbedded. The croupous 
membrane covers the tarsal conjunctiva; more rarely, the retrotarsal fold 
and even the conjunctiva of the eyeball. In most cases after from one to 
two weeks the membrane gradually disappears. The eye now merely pre- 
sents the condition of an intense catarrhal inflammation which gets well 
without leaving any permanent changes in the conjunctiva. In severe cases 
the disease is complicated with corneal ulcers, which, however, but rarely 
lead to extensive destruction of the cornea. 

(b) The deep form (diphtheria of the conjunctiva in the narrower sense). 
This runs a much more serious course than does the superficial form, as in 
order for it to occur the exudate must coagulate while still within the tissues 
of the conjunctiva, so that the vessels are compressed by it, and the mucous 
membrane consequently is rendered rigid and bloodless and falls a prey to 
necrosis. Hence, on everting the lids we find beside the marked swelling 
and redness of the conjunctiva spots in which the conjunctiva is somewhat 
depressed, smooth, and of a grayish-yellow color, and often contains a few 
dirty-red speckled markings (ecchymoses). In the severest cases, either a 
very large portion of the conjunctiva, or even its entire surface, acquires 
this character and is uniformly gray and hard, just as it is after being 
intensely cauterized, e.g., by the action of lime. The lymph glands in front 
of the ear and often also those in the neck are swollen and painful. 

The condition just described, which develops rapidly after a short per- 
iod of incubation, is called the first stage of the disease, or stage of infiltra- 

~~ tion. It keeps up for from five to ten days, according to the extent of the 

diphtheritic process upon the conjunctiva. Then the spots of diphtheritic 
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infiltration begin gradually to disappear. Where the infiltration is not so 
very dense, resorption of the exudate occurs, but in those spots from which 
the circulation has been altogether cut off by the infiltration and the tissue 
has consequently mortified the necrotic portions slough away. ‘Thus are 
produced in the conjunctiva losses of substance, which soon become covered 
with granulations such as cover a raw surface. Meanwhile the secretion has 
become more abundant and more purulent, for which reason this second 
stage is characterized as the stage of blennorrhea. The third stage is that 
of cicatrization, in which the granulating surfaces, that are produced by the 
sloughing off of the gangrenous portions of the conjunctiva, gradually grow 
smaller and are covered over with a new epithelial lining. Since the latter 
change is effected by a drawing in of the neighboring conjunctiva, the con- 
junctival sac as a whole is contracted; frequently, too, in single spots adhe- 
sions are produced between the conjunctiva of the lid and that of the eye- 
ball (symblepharon). The more extended the diphtherial process the more 
striking is the subsequent cicatricial contraction of the conjunctiva. As a 
result of it trichiasis, cicatricial entropion, or even xerophthalmus may sub- 
sequently develop. 

The deep form of diphtheria is much more severe than the croupous, 
not only in regard to its effect upon the conjunctiva, but also in other 
respects. Hence the cornea is much more frequently and much more ser- 
iously affected. The greater the extension of the diphtherial process upon 
the conjunctiva the more certain is corneal suppuration to occur. If the 
entire area of the conjunctiva is infiltrated and rigid the cornea is probably 
always irretrievably lost. 

The general condition of the little patients is very much disturbed. 
They have high fever and are greatly prostrated. Weakly children not 
infrequently succumb to the severity of the general disease. The prog- 
nosis, therefore, in the severe cases is very serious, not only as regards the 
eye, but also with respect to life itself. 

We owe the first exact description of conjunctival diphtheria to von Graefe, who, 
in Berlin, had an opportunity of seeing many cases of this disease. His description 
relates to the deep variety, of which he distinguishes two groups of cases. In the first 
* group—that of diphtheria en plaques—constituted by the lighter cases, the diphtherial 
spots are found under the form of large or small islands, which oceur especially on the 
conjunctiva of the lids and between which lie areas of tissue that is not so much dis- 
eased. In the severer cases, on the other hand, the diphtherial foci rapidly coalesce, 
so that the entire conjunctiva becomes rigid and bloodless (confluent diphtheria). 

154. Etiology.—That the two forms just described, which differ so 
much in their appearance and course, are, nevertheless, the same disease, 
namely diphtheria, is proved from the fact that Léffler’s bacilli are found 
in the conjunctival secretion in both. Often, too, the patients present 
other important and undoubted diphtherial affections. Small-sized diph- 
therial patches are frequently found at the edges or angles of the lids, the 
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nostrils, or the angles of the mouth; sometimes even there is a fully de- 
veloped nasal or pharyngeal diphtheria. 

Diphtheria of the conjunctiva is mainly observed in those countries 
where diphtheria of all sorts is a frequent occurrence,’ and occurs espe- 
cially at times when an epidemic of pharyngeal diphtheria is prevailing. It 
can often be proved that children affected with diphtheria of the conjunc- 
tiva had previously been thrown with others, who soon afterward developed 
pharyngeal diphtheria; and such children may themselves in their turn 
spread the disease to others still. The predisposition to diphtheria dimin- 
ishes with the age. Consequently, diphtheria of the conjunctiva usually 
attacks children, and most frequently those between the second and eighth 
year of life. Adults are only exceptionally attacked, and then generally 
by one of the lighter forms. 


After Léffler had discovered in the membranes of pharyngeal diphtheria the bacil- 
lus that bears his name it was soon after shown to be present in diphtheria of the con- 
Junctiva also (Babes, Kolisko and Paltauf, and others). On the other hand, no one 
supposed that the cases in which a membrane forms upon the conjunctiva must also 
be regarded as diphtheria until the presence of the Léffler bacillus was demonstrated 
in them too (first by Gallemaerts). The same thing occurred in this case as in that of 
pharyngeal diphtheria and laryngeal croup, whose etiological identity was long un- 
recognized. It is supposed that membranous inflammation of a mucous membrane 
implies a feebler action of the diphtheria bacilli than does diphtheritic inflammation 
proper, the comparatively slight effect of the bacilli in the former case being due either 
to their having lost their virulence or to the patient’s being more refractory to the 
influence. But apart from this, the severity of the inflammation is influenced by the 
fact that beside the Léffler bacillus other germs occur on the inflamed conjunctiva, 
such as the staphylococcus and streptococcus. In fact, the streptococcus by itself is 
competent to produce a disease of the clinical aspect of conjunctival diphtheria; and 
in my clinic actually the severest cases were those in which the streptococcus alone was 
present, the slighter or croupous cases being associated with the Loffler bacilli, Such 
cases of severe streptococcus conjunctivitis are found, particularly in children, as a 
result of the acute exanthemata (small-pox, measles, and scarlet fever), which may 
thus cause blindness. 


155. Treatment.—In the severe cases of diphtheria of the conjunctiva 
the injection of antitoxin is indicated. The injection is best made beneath 
the skin of the lids. In addition the serum is often instilled into the con- 
junctival sac. In the lighter (croupous) cases we may content ourselves 
with employing local treatment alone. In the first stage of the disease 
this is chiefly limited to careful cleansing of the eye, for which purpose the 
best thing for us to employ is a weak antiseptic liquid (beside solutions of 
corrosive sublimate and potassium permanganate, a solution of quinine 
is particularly recommended). Cold compresses, which would seem to 
be indicated by the great swelling and redness of the lids, must be 
applied only when the conjunctival circulation is not too seriously em- 


13 [In America severe cases of conjunctival diphtheria are of rare occurrence.—D.] 
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barrassed by the diphtherial infiltration. Otherwise, it is better to employ 
warm compresses which by dilating the blood-vessels increase the circu- 
lation. As regards the conjunctiva itself, Fieuzal has recommended painting 
it with lemon juice; and painting it with strong sublimate solution (1:1,000), 
either directly or after the removal of the membrane, if present, is highly 
spoken of. Except for this purpose there is no object in removing the 
membranes in the croupous variety, since these at once re-form. When, 
after separation of the membranes or the slough, the conjunctiva has 
become strongly congested, soft, and succulent, and the secretion begins 
to be abundant, we may commence the application of a nitrate-of-silver 
solution, by means of which we bring the swollen conjunctiva more rapidly 
back to its normal state. In so doing we must first proceed with great 
caution, use a pretty weak solution (one per cent) and discontinue the 
application at once if membranes or deep infiltrations once more develop. 

We keep on making the applications to the conjunctiva as long as 
the latter is red and swollen and discharges a copious secretion. If in the 
deep form, after the subsidence of the disease, partial necrosis and sloughing 
of the conjunctiva have set in, we try during the subsequent period of 
cicatrization to oppose, as far as possible, the formation of adhesions 
between the lids and the eyeball (doing this by frequently drawing the lid 
away from the eyeball or by laying a pledget soaked in oil between the two), 
for adhesions once formed can be removed only by an operation. Compli- 
cations affecting the cornea are to be treated according to the rules that 
will be given further on for purulent inflammation of the cornea in general. 

All operative procedures, whether upon the cornea or upon the lids, 
should be avoided in the first stage, as the wounds thus produced generally 
become diphtherial too. 

In consideration of the very infectious character of diphtheria, our 
special aim must be prophylaxis. Accordingly, we remove from the vicinity 
of the patient all persons who are not indispensably necessary for purposes 
of nursing; but, most of all, we insist upon the removal of children, as these 
are particularly susceptible to infection. If diphtheria has attacked only 
one of the patient’s eyes, the other must be protected against infection by 
a carefully applied occluding bandage, just as in gonorrhceal conjunctivitis. 

The persons who have charge of the patient must be particularly 
enjoined to cleanse the hands carefully after touching the diseased eye, 

to destroy at once the materials employed in cleansing, ete. ; 
156. Croupous Membranes on the Conjunctiva.—Croup and diphtheria are prima- 
rily anatomical terms denoting definite forms of inflammation. Croupous inflammation 
is eee ae of an exudate upon the surface of a tissue, where, by 
Horton the-oontshry condi Gis catceel eee eee rene 
y; sts xudat a great mass of material within the 


tissue itself, with consecutive necrosis of the latter. Diphtheritic inflammation may be 
. . . . 3 : : ¢ 
regarded as a croupous inflammation carried to a higher pitch, in so far as the same 
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injurious cause may, when acting to a slight extent, produce a croupous, when acting 
to a greater extent, a diphtheritic inflammation of the mucous membrane. Sourdille 
has demonstrated experimentally that by painting the conjunctiva with ammonia one, 
can at will produce either the croupous or the diphtheritic form of inflammation, Ree: 
ing to the intensity, greater or less, with which the agent is applied. We meet with the 
same experience in our medical practice, when, by making too strong or too frequent 
applications of the silver solution to an inflamed conjunctiva, we produce a croupous 
coating upon it, and then, in spite of this result, keep on with the application. In this 
ease a diphtheritic inflammation with partial necrosis of the tissue will ensue. Chemical 
irritants of an organic nature may bring about the same result. Thus the repeated 
application of the jequirity infusion produces first a croupous, afterward a diphtheritie 
inflammation. And, furthermore, the same thing holds good for many of those inflam- 
mations of the conjunctiva that are caused by micro-organisms. Thus in a gonorrheeal 
conjunctivitis, when the inflammation attains a high degree of severity, either a croupous 
coating or a diphtheritic infiltration of isolated portions of the conjunctiva may be 
observed, and such cases are often regarded as genuine diphtheria. 

Accordingly, the same clinical picture—e. g., that of a diphtheritic conjunctivitis— 
may be produced by the most various kinds of pathogenic agents, both of a chemical 
and a parasitic nature; and, on the other hand, the same pathogenic agent—e. g., the 


‘Léffler bacillus—may give rise to a variety of clinical pictures—i. e., to both croupous 


and diphtheritic inflammation and in exceptional cases to nothing more than a very 
slight conjunctivitis having the appearances of a catarrhal inflammation. 

It is not tenable, therefore, as has hitherto been done, to employ the expressions 
croup and diphtheria of the conjunctiva both to characterize certain anatomical changes, 
and also to denote definite types of disease, each of single etiology. With regard to the 
expression diphtheritis, I have adhered to Roser’s proposition, using the word diphther- 
itis as an anatomical term for that variety of inflammation in which the exudate under- 
goes coagulation within the tissue itself. On the other hand, diphtheria and diphtherial 
are used in an etiological sense to denote those affections which, whatever appearance 
they may present, are caused by the Léffler bacillus. The expression croupous conjunc- 
tivitis should be used simply as an anatomical term. 

Formerly most of the spontaneously developing conjunctivitides that were asso- 
ciated with the formation of a membrane were comprehended under the terms conjunc- 
livitis crwposa or membranacea, and thought to constitute a single independent disease. 
But recent bacteriological investigations have shown that the most various pathogenic 
agents may give rise to the formation of a membrane upon the conjunctiva. As far as 
is at present known, a croupous conjunctivitis may originate from the following causes: 

(a) Spontaneously developing croupous conjunctivitis. This usually runs an acute 
course, and is the kind that was formerly described under the name of conjunctivitis 
cruposa as a distinct disease. We have seen above that a part of these cases, being 
caused by the Léffler bacillus, are to be attributed to diphtheria. This knowledge is 
practically important, because we know that even these apparently light cases of con- 
junctivitis may by transfer to others produce severe diphtheria of the conjunctiva or of 
the pharynx, and that we must consequently apply to them all customary precautionary 
measures. 

Croupous inflammations, sometimes of a serious character, are caused by the strep- 
tococcus, and less severe kinds by the pneumococcus, meningococcus, ete. Among the 
cases that run a light course belong also those of acute catarrh, that are produced by the 
bacillus of Weeks, and are associated with the formation of membrane (Morax); and 
that the conjunctivitis caused by the gonococcus not infrequently shows membrane 
formation has already been stated above. A severe form of conjunctivitis with mem- 
brane is caused by the thrush fungus (Pichler). 
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To the cases of membrane formation upon the conjunctiva that pursue a more 
chronic course belong the very rare instances of herpes iris of the conjunctiva. These 
latter can readily be diagnosticated, provided the characteristic exanthem of herpes iris 
(a central reddened or pigmented area of skin surrounded by a wall of vesicles) is also 
to be found upon the skin. This, however, is not always present. Sometimes, too, a 
formation of membrane like that upon the conjunctiva occurs upon the mucous mem- 
brane of the mouth. In some cases the disease recurs frequently. 

Furthermore, there have been described cases of membrane formation upon the con- 
junctiva which were peculiarly chronic cases—lasting for months, or even years—the 
nature of which is still doubtful (Arlt, Hulme, Morton, and others). 

(b) By the application to it of external irritants of a chemical nature the conjunctiva 
may take on an inflammation with membrane formation. As already mentioned, such 
irritant substances include bodies both inorganic and organic, like ammonia, nitrate-of- 
silver solution, and jequirity infusion. 

(c) Losses of substance on the conjunctiva (and the same thing is seen in other 
mucous membranes) very soon become covered with a membrane of coagulated fibrin, 
under which the healing of the wounds proceeds. This process is observed after opera- 
tions (e.g., tenotomy), injuries, and also spontaneously developing wounds—as, for 
example, those occurring after rupture of pemphigus vesicles (see page 203), 


VI. ConsguNcTIVITIS EczEMATOsSA™ 


157. Symptoms.—In its simplest, typical form, conjunctivitis eeze- 
matosa presents the following picture: A little red eminence, of about 


Fie. 55.—Eczmmarous Errtorescencr IN THH Limpus. Magnified 62 X1. 


The sclera, S, is distinguished by its more delicate fibrillation and its blood-vessels from the more 
homogeneous, non-vascular cornea, H. The nodule is situated at a point corresponding to the boundary 
between the two membranes but more over the selera than over the cornea. It consists of Meanachs 
packed round cells; between which the blood-vessels are recognizable under the form of dightatoclossd 
strie. In the vicinity of the nodule the vessels of the conjunctiva (c) and episclera (e) are bordered b 
extravasated leucocytes. The epithelium (#) of the conjunctiva is bulged forward by the nodule siti 
at the apex of the latter is thinned, and, owing to the penetration of the round cells into the epitheli 1 
layer itself, has lost the sharp border ordinarily existing between it and the connective tissue. : 


“Synonyms: Conjunctivitis lymphatiea (scrofulosa, phlyctenulosa, pustulos Sy 
herpes conjunctive (Stellwag), [phlyctenulosis]. Several Of these SyLOnyiny Wes GARTER aie Fae 
that the efflorescence on the conjunctiva or cornea is a hollow vesicle filled with fluid (dv ; 
{bladder}, pustula, herpes vesicle). But the efflorescence is in reality never a vesicle, but a solid thease 
soft projection, which is formed chiefly by an accumulation of leucocytes (Figs. 55 and 56) “The 
softening and liquefaction of this cellular mass do not begin in the interior of the projection but t 
its apex, So that no cavity is formed (vesicle or pustule), but a loss of substance (ulcer) occurs t ine 
upon the free surface at the apex. The name herpes cornes, moreover, can give rise to a conf mide 
ee cone Neer ak eee and herpes zoster, see 23 227 and 228). [The term phlyousnuien 
; etivitis, though anatomically incorrect, is s > fixed by use at it w : irabl 
to retain it, to the exclusion of other more Touincity Fee ePnE aera Se nae 


DISEASES OF THE CONJUNCTIVA 193 


the size of a millet seed, develops at some point upon the limbus of the 
conjunctiva. This is the efflorescence (Fig. 55). In the beginning it is 
conical, its apex being covered by the epithelium of the conjunctiva. In 
a short time the epithelium at the summit of the efflorescence separates, 
and the tissue that lay beneath it breaks down, so that the apex of the 
cone, so to speak, melts away; and the cone itself bears on its top a minute 
gray ulcer, which thus lies above the level of the neighboring, healthy con- 
junctiva. By a continuation of the breaking-down process the cone at 
length disappears entirely, the ulcer sinks to the level of the conjunctiva, 
and speedily becomes clean and then covered with epithelium. Thus the 
ulcer heals, without a visible mark being left upon the conjunctiva. 

As the efflorescence springs up, the adjacent part of the conjunctiva 
becomes hyperemic, the injected vessels being directed from all sides 
toward the little nodule. Hence, the reddened portion of the conjunctiva 
shows the form of a triangular sector, the apex of which lies in the limbus 
and corresponds to the nodule. The remainder of the conjunctiva is per- 
fectly free from congestion. 

The simplest type of conjunctivitis eczematosa, therefore, consists 
in the formation of a sharply circumscribed, nodular exudate, to which 
there corresponds an injected district of the conjunctiva. Conjunctivitis 
eczematosa is hence a focal affection of the conjunctiva of the eyeball, and 
is thus distinguished from all the varieties of conjunctival inflammation 
hitherto described, which are diffuse inflammations, in that they extend in 
a uniform fashion over large sections of the conjunctiva. 

158. The clinical pictures which conjunctivitis eczematosa actually 
exhibits present modifications of the simplest type above described which 
differ most widely from each other. These modifications concern— 

(a) The number of the efflorescences. It is rare that we find but one 
of these; generally there are several, and not infrequently a good many, 
present at the same time. The fewer they are, the larger they generally 
grow; in rare cases they attain almost the size of a lentil. Where there are 
many nodules present they are small; often we find the entire limbus, or 
even the cornea itself, covered with very minute eminences, so that the 
surface of the eyeball looks as if fine sand had been strewn over it. Such 
very small nodules commonly disappear in a few days by resorption, 
without any preliminary disintegration. When multiple efflorescences are 
present, the injected portions of the bulbar conjunctiva belonging to the 
separate nodules become confluent, and the conjunctiva then appears 
reddened all over, so that the focal character of the diseases is obscured, 
and declares itself only by the presence of separate nodular exudates. So, 
too, when the inflammation is great, the palpebral conjunctiva also par- 
ticipates in the injection, so that, in that case, conjunctivitis eczematosa 
is no longer an affection limited to the bulbar conjunctiva, 

13 


194 TEXT-BOOK OF OPHTHALMOLOGY 


(b) The site of the efflorescences may be not only in the limbus itself 
but also exterior to the latter, in the anterior segment of the bulbar con- 
junctiva, and likewise interior to the limbus, in the cornea itself. In the 
latter the small gray nodules are situated in the most superficial layers of 
the cornea (Fig. 56). By the breaking down of the nodule there is pro- 
duced in the cornea a very shallow loss of substance, which leaves scarcely 
any opacity. Often, however, the affection assumes a more serious form 
from the fact that the exudations have a tendency to spread farther in 
the cornea, extending either into the depth of the latter or along its sur- 
face. If the infiltration extends through Bowman’s membrane into the 
parenchyma proper of the cornea, an ulcer is produced by its disintegra- 
tion which penetrates more deeply and can even perforate the cornea. In 
that case, after the ulcer heals, a permanent opacity remains. 

(c) The corneal ulcers which result from the efflorescences may assume 
a serpiginous character—that is, 
they may spread by a sort of 
creeping process along the sur- 
face of the cornea. In this way 
is produced the vascular fasciculus 
(Fischer), which is also called ker- 
atitis fascicularis. This affection 
begins by the development of a 


Tia. $6.--Besnommecance ut’ wee Comma. (After Small ulcer out of an efflorescence 
Heveshd:) at the rim of the cornea. After 


The efflorescence which is two days old consists of 


a deposition of leucocytes in a series of rows between some days this uleer becomes 
the superficial lamelle of the cornea, which in atten- . 


uated form are still to be recognized between the cells. elean in its peripheral half—that 
Over the right side of the accumulation Bowman's mem- 


brane has a gap, and the spot in the infiltrate lying just 1s, in the part turned toward the 
beneath this point no longer shows any nuclear staining. 


Still more widespread is the necrosis in the epithelium eorneal rim. At the same time, in 
which for almost the entire extent of the accumulation 2 


is transformed into a mass destitute of recognizable cell accordance with the ordinary be- 
nuclei. Thus the-disintegration of the efflorescence is 
preparing the way for the formation of an ulcer. havior of regressive corneal ulcers, 
blood-vessels develop, which run from the limbus to that edge of the 
ulcer which is healing. These serve to keep up the process of cicatriza- 
tion. But in the meantime, that margin of the ulcer which is toward 
the center has remained infiltrated and gray. Inasmuch as at this place 
the infiltration and the subsequent purulent disintegration keep on ex- 
tending, the ulcer constantly advances toward the center of the cornea, 
while on its peripheral side it heals equally fast, and trails the bipateronce 
after it. The vascular fasciculus accordingly appears under the guise of 
a narrow red band formed of blood-vessels (hence the name), and extend- 
ing from the corneal margin some distance into the cornea. At its apex 
it bears a small gray crescent, the infiltrated, advancing margin of the 
ulcer. The arrest and recession of the process first oceur when the ulcer 
is completely healed. Until this has taken place the vescular fasciculus 
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can advance far into the cornea, to its center or even beyond it. The small 
ulcer, however, always remains superficial, and a perforation of the cornea. 
due to it is never observed. When the vascular fasciculus has at length 
come to a standstill, the vessels gradually disappear from it, and there only 
remains a superficial opacity of the cornea which corresponds in shape to 
the long-drawn-out form of the vascular fasciculus. This opacity never 
clears up again completely, and hence, when found at any time during 
the whole subsequent life of the patient, enables us to diagnosticate the 
previous existence of a vascular fasciculus. 

(d) The severest cases of conjunctivitis eezematosa are those in which 
the exudation from the start makes its appearance in the deep layers of the 
cornea as a widely diffused deep-lying infiltration. We then find the cornea, 
occupied to a considerable extent by an opacity of a uniform gray or yellow- 
ish color, with hazy outline and seated in the deeper layers of the cornea; the 
surface of the cornea over it is stippled. In the bad cases the infiltrate, orig- 
inally gray, becomes more and more yellow, and finally breaks down into pus, 
so that an extensive loss of substance is produced in the cornea. In the benign 
cases, on the contrary, the infiltrate gradually disappears again by resorption, 
and the cornea regains its transparency either wholly or in part. It is 
astonishing to what extent even extensive infiltrates can undergo resolution. 

(e) Instead of appearing as separate circumscribed foci, the exudate 
may occur under the form of a continuous new formation of tissue upon 
the surface of the cornea—that is, under the form of pannus. This is 
called pannus eczematosus, to distinguish it from trachomatous pannus. 
It does not, like the latter, show a predilection for the upper part of the 
cornea, but develops from any spot whatever upon the corneal margin. 
It is ordinarily thin and not very vascular, and js quite apt to undergo 
complete resolution. 

The authors separate the eczematous affections of tle conjunctiva from those of 
the cornea; they speak of conjunctivitis and of keratitis eczematosa or phlyctanulosa 
according as the efflorescence is located upon the conjunctiva or the cornea. In this 
way, for mere love of system, a picture of disease that, clinically speaking, is a perfect 
unit, is torn in two. In fact, we have here really but one single disease, which is 
localized sometimes in one place, sometimes in another. Frequently enough we find in 
the same eye, at the same time, one efflorescence in the conjunctiva of the eyeball, a 
second in the limbus, half in the conjunctiva and half in the cornea, and a third upon 
the cornea itself (very exceptionally efflorescences occur even on the conjunctiva of 
the lids). Hence, in the foregoing description of thedisease the expression conjunctivitis 
eczematosa is employed for the disease in general, no matter upon what part of the 
surface of the eyeball it is localized. This can be done without doing violence to anat- 
omy, inasmuch as the outermost layer of the cornea must be looked upon as the 
continuation of the conjunctiva over the cornea. Accordingly, we can regard the in- 
volvement of the cornea in conjunctivitis eczematosa as an involvement of the “con- 
junctival layer” of the cornea. For the same reason we regard pannus trachomatosus 
as one of the symptoms of conjunctivitis trachomatosa, and not as an independent 


affection of the cornea. 
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The efflorescences begin with an accumulation of leucocytes beneath Bowman’s 
membrane (Fig. 56). This is so adherent that it cannot be lifted up by the accumulated 
cells like the delicate conjunctiva sclere, and for this reason the efflorescences on the 
cornea, in contrast with those on the limbus, are not at all or but little prominent. When 
the infiltration of the uppermost lamellze of the cornea has reached a certain point, the 
epithelium over it and then-also ultimately Bowman’s membrane break down. When 
this occurs the true loss of substance begins, and the efflorescence is converted into an 
ulcer. Pannus scrofulosus, too, usually begins beneath Bowman’s membrane: contrast- 
ing in this regard with pannus trachomatosus. 


159. Diagnosis._-The differential diagnosis between conjunctivitis 
eczematosa and the other affections of the conjunctiva and the cornea is, 
as a rule, easily made. The characteristic mark of the former lies in the 
focal character of the affection as well as in its localization upon and 
immediately about the cornea. 


Only one other variety of conjunctivitis, the conjunctivitis ex acne, shares this 
peculiarity with conjunctivitis eezematosa; but that disease is readily distinguished from 
thelatter by the accompanying acnerosacea upon the face (see page 202). In springeatarrh 
also (page 204) little nodules occur upon the limbus, but never break down into ulcers. Of 
the diffuse inflammations of the conjunctiva, catarrh might be confounded with conjunc- 
tivitis ecezematosa. For in intense and obstinate cases of conjunctivitis eezematosa, the 
affection spreads to the palpebral conjunctiva, which may become very much reddened, 
swollen, or even velvety; in that case, too, a mucous or muco-purulent secretion forms 
upon the conjunctiva. It is often difficult to distinguish between such cases and catarrh, 
especially if just at the moment of examination there are no characteristic efflorescences 
present upon the conjunctiva of the eyeball. Fortunately, a mistake in diagnosis does 
no harm, since, with such a’ condition of the conjunctiva existing, gentle cauterization 
with the nitrate-of-silver solution is always indicated, no matter what the origin of the 
disease. The pustular form of acute conjunctival catarrh forms a sort of intermediate 
stage between catarrhal conjunctivitis and conjunctivitis eezematosa (see page 141). 

Eczematous pannus is to be chiefly distinguished from pannus trachomatosus by 
the fact that an exact examination of the conjunctiva of the lids and of the retrotarsal 

fold either discloses the changes of trachoma or establishes the fact of their absence. 

Corneal uleers which have been preceded by the efflorescences of a conjunctivitis 
eezematosa sometimes are located so very near the margin of the cornea that they extend 
into the limbus conjunctive; and, since corneal ulcers as peripherally situated as this 
occur only in connection with conjunctivitis eezematosa, the diagnosis of an antecedent 
conjunctivitis eezematosa can be made even years after it has elapsed from sears having 
such a situation (Fig. 92). 

The vascular fasciculus can readily be confounded with an ordinary corneal ulcer, 
to which, in the course of healing, vessels have made their way from the, limbus so as 
to form a red bridge between the limbus and the ulcer. In such a ease there is no fear 
of the ulcer’s extending into the pupillary area of the cornea, and, after the ulcer heals, 
only a small, rounded macula is left, and not a long, opaque stria, as in the ease of the 
vascular fasciculus. The distinction between these two affections can be made as fol- 
lows: In the vascular fasciculus, the advancing margin of the ulcer, infiltrated with 
gray, is readily visible; the blood-vessels as they run up to it lie in the furrow which 
the ulcer has channeled in the course of its progress—lie, therefore, at or below the level 
of the corneal surface. In the case of a simple ulcer with development of vessels, this 
furrow is wanting, and the vessels have a quite superficial situation. 
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160. Symptoms.—Conjunctivitis ecezematosa is generally accompanied 
by profuse lachrymation. Mucous or muco-purulent secretion, on the 
contrary, such as occurs in catarrh, is not present as a rule; hence the lids 
do not ordinarily stick together in the mornings. The only exception to 
this is formed by those old cases in which the inflammatory process has 
passed over to the palpebral conjunctiva, and has, we may say, thrown 
it into a state of concomitant catarrhal inflammation. 

The subjective symptoms consist of photophobia combined with spasm 
of the lids (blepharospasm). Slight in some cases, in others they reach an 
extraordinary pitch; children creep into a dark corner of the room, bury 
their faces in their hands, and struggle so violently against any attempt 
at opening their eyes that the examination on the part of the physician 
is made with great difficulty. The intensity of these symptoms bears no 
definite relation to the severity of the disease; in fact, it is precisely in that 
form of corneal affection which spreads more extensively and penetrates 
more deeply that the evidences of irritation are often pretty slight. The 
annoyance suffered, contrary to what takes place in conjunctival catarrh, 
is, generally speaking, greater in the morning than in the afternoon and 
evening. 

The photophobia in many cases persists obstinately for months. The parents 
then bring the children to the physician, with the statement that they have been “blind” 
for such or such a number of weeks. The children offer the greatest resistance to the 
forcible opening of the eyes, especially when there are excoriations at the external com- 
missure, which give pain and are prone to bleed when the lids are separated. Hence, in 
such cases the palpebral fissure is to be opened cautiously and not too wide, so as to avoid 
making the struggles of the children still greater. The lids, and especially the upper lid, 
are rendered c-dematous by the constant blepharospasm, because the veins of the lids, 
which pass between the fibers of the orbicularis, are compressed by persistent contraction 
of this muscle. Furthermore, a state of inversion of the lids (entropion spasticum) may 
be induced by this forcible squeezing together of the eyelids. Finally, cases have been 
described in which children who have suffered for a long time from blepharospasm were 
perfectly blind after the disappearance of this symptom (von Graefe, Schirmer, Leber, 
and others). Such blindness is transient. As in the most cases no objective changes 
were demonstrable as the cause of the blindness, the latter is probably to be regarded as 
a central, purely functional affair, like hysterical amaurosis. In other words, the light 
stimulus is conveyed to the cortex of the brain, but does not there pass the threshold, 


i.e., does not reach the consciousness. 

161. Course and Prognosis.—A single typical efflorescence upon the 
limbus passes through all its phases up to complete subsidence in eight 
to fourteen days. If several efflorescences are present, the process of cure 
requires a proportionately longer time. Nevertheless, the disease would 
not last so very long if it limited itself to a single attack. This, how- 
ever, is but rarely the case. Usually, after a period of quiescence, or 
even before the first attack of inflammation has quite run its course, the 
eye becomes red again, and new nodules shoot up in or near the limbus. 
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Thus the disease may, with longer or shorter intermissions, last on for 
months or years. Its beginning occurs in childhood; the separate attacks, 
however, are often protracted until the time of puberty, or sometimes 
even later - the affection being situated now in one eye, now in the other, 
then in both at the same time. Finally, the attacks become less and less 
frequent, and at length cease altogether. 

The constant wetting of the lids by the tears frequently leads to 
blepharitis, to eczema of the skin covering the lids, and, as a consequence, 
to ectropion of the lower lid. Excoriations are frequently present at the 
external angles of the lids, and blepharophimosis often develops later on. 

The prognosis of any single attack of conjunctivitis eczematosa is 
favorable, in so far as the eye is but rarely rendered entirely blind by it. 
Superficial efflorescences disappear without leaving a trace behind; ulcers 
which penetrate into the parenchyma proper of the cornea leave permanent 
opacities, which, however, are in most cases thin and superficial (macule of 
‘the cornea). On the other hand, the prognosis of the disease as a whole is 
rendered unfavorable by the frequent recurrences. In persons who have 
gone through many recurrences of conjunctivitis eczematosa the cornez 
often bear quite a number of macule as signs of past attacks. Thus the 
‘sight is impaired, squint or myopia often develops, and the persons thus 
caffected often become incapable of doing fine work. In addition to this, 
children, in consequence of the frequently repeated inflammation of the 
eyes, fall behind in their physical and mental development. Finally a not 
infrequent outcome is secondary blindness, often occurring many yearsafter 
the inflammation has passed, and representing the after-results of the 
corneal scars with inclusion of the iris which remain after the corneal ulcers. 

162. Etiology.—Conjunctivitis eczematosa is one of the most fre- 
quent of eye diseases,’ and has its origin in the serofulous diathesis. Like 
the latter, it is a disease of childhood and youth. In very young children 
—those under the age of one year—it occurs but seldom, and it generally 
ceases at the time of puberty. Adults are attacked by it only in case 
they have carried the disease along with them from their childhood. The 
enormous majority of children affected with conjunctivitis eczematosa 
belong to the poorer classes. Such children receive insufficient and unsuit- 
able nourishment, live in damp, poorly ventilated dwellings, and are kept 
constantly dirty. Other children affected are those who, though once 
healthy, have become run down as a result of other diseases (scarlet fever, 
measles, typhoid fever, whooping cough, etc.). Such children as these 
look either pale and thin or bloated and spongy-looking. The glands at 
the lower jaw, in the neck, and in front of the ear, are swollen. Partly as 
a result of the suppuration of these glands, and partly as a result of the 
breaking down of the scrofulous infiltrations in the skin, uleers and fistu- 


16 [Less frequent in America than in Europe.—D.] 
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lous passages are produced, which require months and years for their 
cure, and leave characteristic and disfiguring scars behind. Patches of 
moist eczema occur at various spots upon the body, most frequently upon 
the face; and the constant coryza from which many of these children suffer 
is to be attributed to an eczematous affection of the nasal mucous membrane. 
Adenoid vegetations, too, are not rare. In the lids we find blepharitis. The 
nose and the upper lip are rendered thick by frequently recurring attacks of 
inflammation. More profound affections that occur are caries of bones (caries 
of the petrous bones appearing under the form of an otorrhcea being fre- 
quent), tuberculosis, and in girls, delayed and irregular menstruation. 
Some of the above-mentioned symptoms of scrofula, and often several 
of them at once, accompany most cases of conjunctivitis eczematosa. Some- 
times, though rarely in comparison with other cases, the disease is observed 
in an individual who otherwise is quite healthy, just in the same way that 
other indications of scrofula occur at times as altogether isolated phenomena. 


In accord with the precedent set by the older authors, I formerly called conjunc- 
tivitis eezematosa by the name of conjunctivitis lymphatica (or scrofulosa) on account 
of its undeniable connection with scrofulosis. Later, following many recent authors, I 
replaced this etiological term by that of conjunctivitis eczematosa. A conjunctivitis 
which is undoubtedly one of the symptoms of eczema I have observed on a few occa- 
sions in adults who had been attacked by a very extensive eczema and at the same time 
by a conjunctivitis that was associated with marginal infiltrates of the cornea which 
actually led to perforation. Although the clinical picture was in some respects like that 
of severe conjunctivitis eczematosa, yet it was a different disease that was in question. 
Whether the conjunctivitis of scrofulous children can properly be characterized as. 
eczematous we shall first be able to tell when the true cause of the conjunctivitis, on 
the one hand, and of the scrofulous eczema, on the other, has been determined. If we 
question ourselves as to the nature of the efflorescences of conjunctivitis eczematosa we 
must keep two facts in mind. 

(1) The efflorescences when quite recent are sterile, containing neither the ordi- 
nary pyogenic germs nor tubercle bacilli. Inoculation from them into a test animal does 
not lead to tuberculosis. Hence it cannot be assumed that, like other inflammations of 
the conjunctiva, they are referable to ectogenous infection, and as little are they to be 
regarded in the light of true tuberculous nodules. 

(2) Ina great number of patients with conjunctivitis eczematosa there are changes 
which are certainly tuberculous, most frequently appearing under the form of scrofu- 
lous lesions of the glands and bones, and not infrequently also of pulmonary tubercu- 
losis. But even in those patients who otherwise show no clinically demonstrable evi- 
dence of scrofula or tuberculosis, the examination with tuberculin (by subcutaneous 
injection or cutaneous inoculation) proves with rare exceptions the presence of latent 
tuberculosis. If then the efflorescences are not actual tuberculosis nodules and yet, on 
the other hand, they occur with such preponderating frequency in tuberculous men, we 
should not be far out in explaining them as being due to the action of toxic substances, 
in the same way as, for example, nodules develop in tuberculous individuals after the 
rubbing of a tuberculin ointment into the skin (Moro). In harmony with such a con- 
nection is the observation that after the inoculation of tuberculin in children whose eyes 
were hitherto healthy efflorescences sometimes appear on the conjunctiva after an 
incubation period of about 14 days. [it has been suggested that the development of 
efflorescences in tuberculous subjects is an example of anaphylaxis (Verhoeff). In any 
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event it seems clear that the relationship of this disease to tuberculosis is at most an 
indirect one. The results of treatment point to some other contributory or perhaps essen- 
tial cause (disturbance of metabolism due to gastro-intestinal toxemia, pharyngeal and 


tonsillar infection, etc.).—D.] 


163. Therapy.—In the lighter cases, the local treatment consists in 
the application of irritants, of which calomel and the yellow-precipitate (or 
Pagenstecher’s) ointment (page 60) are most in use. The calomel in a 
finely powdered state is sprinkled in a thin layer upon the conjunctiva of 
the lower lid [or directly on the cornea] by means of a camel’s-hair brush; 
the precipitate ointment (0.05 to 0.15 of yellow precipitate to 5 of fat), on 
the other hand, is introduced into the conjunctival sac by means of a glass 
rod, and is then rubbed about with the lids, so as to be distributed over the 
whole conjunctiva. 

Both remedies are irritant in their action; the precipitate ointment 
more so than the calomel. Hence, in the beginning of the disease, where 
the eyes are in a marked state of irritation, it is best to employ calomel; 
and subsequently, when the inflammatory symptoms are diminishing, to 
replace this by the yellow ointment. The remedies mentioned are to be 
applied only once a day, but it is advisable to keep on withtheir application 
for quite a long time, in order to prevent relapses. Both find a contra- 
indication in the presence of recent infiltrates or progressive ulcers in the 
cornea. In such cases, before having recourse to irritant remedies, we 
must wait, meanwhile employing atropine, until the process of infiltration 
has subsided or the ulcer has become clean. Pannus and vascular fasciculi 
do not contraindicate calomel or the yellow ointment. 

In the cases of ulcers of larger size covered with exudation, as well 
as in the case of deep infiltration of the cornea, hot moist compresses 
applied several times a day for one or two hours at a time over the closed 
eyes, prove most efficient. With regard to the treatment of deep ulcers 
and of the cicatrices that follow ulcers, the general rules set forth under 
the head of affections of the cornea are applicable. A bandage should be 
applied only in case of imperative necessity (e. g., when there are ulcers 
penetrating deeply into the cornea) ; otherwise its use had better be avoided. 
It hinders the ready escape of the tears which are so copiously secreted, 
and, as it very soon becomes wet through with the secretion, it is likely to 
set up eczema of the skin of the lids. 

In conjunctivitis eczematosa, general treatment, conducted with due 
regard to the etiology, is of especial importance. The child’s nourishment 
should be strengthening and administered at regular hours. [Sweets, 
especially candy, cakes, pies and pastry of all kinds should be forbidden, 
and only very plain, but substantial food allowed. It would seem that regu- 
lation of the diet alone may do a great deal toward effecting a cure in these 
cases.—D.] Care must be taken that the dwelling place be dry and well 
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ventilated, and the child should be sedulously kept out in the open air, 
irrespective of any photophobia that may exist. Indeed, in any case, we 
must not yield too much to this symptom of photophobia, and it would be 
quite a mistake to keep children in a dark room just because they shun 
the light. As invigorating measures, spongings with cold water are of 


_ service; also a sojourn in the country, especially at the mountains or the 


seashore. After the acute inflammation has run its course, the use of brine 
baths or of sea baths is of great service in preventing relapses. Unfor- 
tunately, the carrying out of all these regulations is only too often frus- 
trated by the force of circumstances and by the poverty of the patients. 

The medicinal treatment of scrofula consists in the administration of 
cod-liver oil and of the preparations of iodine, iron, arsenic and quinine. 
[Calomel in broken doses (0.003-0.006 gm. three or four times a day) is 
also used with good results. It may be given in these doses for weeks at 
a time with advantage.—D.]} 

The sort of remedy employed and its dose must be adapted to each 
individual case. In case of a clinically demonstrable tuberculosis methodi- 
cally continued tuberculin injections may be tried. [These are quite help- 
ful, especially in preventing relapses (Derby, Wilder, Normany.—D.] Fur- 
thermore, the cure of the eye disease is favorably influenced by treating any 
coexisting scrofulous affections, especially blepharitis, and also eczema of 
the face and of the nasal mucous membrane, [diseased tonsils] and adenoid 
vegetations. For the affection first named the application of white-pre- 
cipitate ointment (1 to 2 per cent) or of ichthyol omtment (5 per cent) does 
good service. In blepharitis this omtment is smeared at night over the 
closed palpebral fissure. Eczematous spots upon the face are covered with 
a pledget of linen smeared with the ointment, and, to relieve eczematous 
coryza, the ointment is introduced from the anterior nares as far into the 
nose as possible and rubbed in. For relieving moist eczema of the face, 
we can also employ with great advantage a 5- to 10-per-cent nitrate-of-silver 
solution applied with the brush, after removal of the crusts, to the raw 
cutaneous surface, which thus becomes covered with a thin eschar, under 
which the raw spots heal rapidly. This application must be repeated at 
first daily, afterwards at intervals of several days, and be kept up as long 
as crusts continue to form. 

Many of the patients, who generally belong to the poorest classes, 
suffer from head lice, the removal of which often has a strikingly favor- 
able effect on the eye trouble. 


If we undertake the inspersion of calomel in patients to whom at the same time 
iodine is being administered internally, we not infrequently observe a strong corrosive 
action from the calomel; for the latter forms with the iodine excreted in the tears the 
very corrosive mercuric iodide (Schlafke). These two remedies, therefore, are incom- 


patible. 
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In most cases the blepharospasm soon yields if the conjunctival trouble, which forms 
the basis of it, has been ameliorated by appropriate treatment. In case the spasm of the 
lid is particularly obstinate, we often obtain rapid improvement if we succeed in getting 
the child to open the eyes for some time at least once a day. We may secure this if we 
drop in cocaine a number of times in quick succession until the surface of the eyeball has 
become insensible. Other effective measures are to douche the child all over with cool 
water or to dust dionin powder into the conjunctival sac. These procedures must be 
repeated daily until the spasm of the lids has yielded- The oedematous thickening of the 
lids produced by their spasm is combated by massaging them. 


EXANTHEMATOUS CONJUNCTIVITIS 


164. Besides eczema, the following exanthemata, both acute and chronic, are asso- 
ciated with diseases of the conjunctiva. 

Acute Exanthemata.— Measles is regularly associated with a conjunctivitis. This 
appears under the form of an acute conjunctival catarrh, develops early (before the erup- 
tion of the exanthem upon the skin), and generally disappears of itself after two or three 
weeks without leaving any bad consequences behind. 

Only in exceptional instances does the conjunctivitis of measles take on a blen- 
norrhceal or even a diphtheritic aspect (without actually turning into true blennorrhcea 
or diphtheria).* In such cases the cornea is endangered. During convalescence in 
some cases of measles, when the conjunctival inflammation had already become pretty 
slight, I have observed numerous Meibomian glands, both on the upper and the 
lower lids, becoming inflamed and ultimately suppurating (hordeola meibomiana, 
§ 604). The purulent contents were evacuated partly through the orifices of the 
glands, partly upon the inner surface of the lid after breaking through the tarsus and 
the conjunctiva. 

In variola, smallpox pustules not infrequently develop upon the conjunctiva, gen- 
erally upon the tarsal conjunctiva near the intermarginal line. Smallpox pustules which 
develop upon the conjunctiva of the eyeball near the limbus are dangerous from their 
setting up a purulent keratitis in the adjacent part of the cornea—a condition which 
should not be confounded with the ulcus serpens that develops in smallpox (see § 217; 
for vaccine pustules, see page 210). 

165. Chronic Exanthemata.—(1) Acne Rosacea Consunctiv®.—This disease of 
the conjunctiva, described by Arlt, begins as follows: A minute nodule forms, with 
moderate symptoms of irritation, upon the limbus [or at some distance from it in the cor- 
nea (Verhoeff)]. This efflorescence breaks down after some days, and the ulcer thus 
produced heals without leaving any visible cicatrix behind. This affection bears the 
greatest resemblance to the simple typical picture of conjunctivitis eezematosa, and 
shares with the latter its peculiar tendency to frequent recurrence. On this account it 
is very tormenting to the patient. It is possible to make the differential diagnosis chiefly 
from the fact that conjunctivitis ex acne attacks only adults and those who are at the 
same time affected with acne rosacea. It is important to make the correct diagnosis, 
since otherwise we might labor in vain to prevent the reeurrences—a thing which can be 
done only by a suitable and long-continued treatment of the acne rosacea. The conjune- 
tivitis itself is most speedily cured by dusting in calomel [and the corneal lesions may be 
cured by peritomy (Verhoeff)]. 

(2) Pempntaus Consuncriv.2.—In this rare disease the conjunctiva, although red- 
dened as a whole, displays one or two spots that are deprived of their epithelium and 
covered with a gray coating. While these spots are slowly undergoing cicatrization-——a 
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process attended with shrinking of the subjacent conjunetiva—spots of the same nature 
appear in other places. Thus there is produced a constantly increasing cicatricial con- 
traction of the conjunctiva, whose progress, it is true, is very slow (extending over 
months and years), but is irresistible. The conjunctiva becomes whitish, cloudy, and 
tense. First, the retrotarsal folds vanish, then folds make their appearance, stretching 
from the lids across to the eyeball, and finally the lids are drawn in so that trichiasis 
results. The conjunctiva at the same time grows continually drier, and the lachrymal 
secretion dries up, owing to the fact that the excretory ducts of the lachrymal gland 
become occluded by the shrinking of the conjunctiva. Ulcers form upon the cornea, 
which later gets to be clouded all over, and likewise dry upon its surface. In the bad 
cases the lids at length become completely adherent to the eyeball, so that the cornea 
is permanently covered by the lids and the eye is incurably blind (symblepharon totale). 
Hence, the prognosis of pemphigus is very unfavorable—the more so as both eyes are 
always attacked. [The cornea may remain intact for a very long time (even twenty 
years), and the disease itself may remain stationary for as long as sixteen years (Buck). 
One disagreeable symptom is the overpowering fetor that often accompanies pemphigus 
(Stieren).—D.] 

In pemphigus of the conjunctiva, contrary to what happens in pemphigus of the 
skin, bulle# are only exceptionally found, their place being taken by denuded areas 
in the conjunctiva. This is explainable from the anatomical character of the latter. 
Its epithelium is so soft and delicate that it cannot, like the epidermis, be lifted up 
in broad layers by serous exudation, but ruptures and is thrown off in the form of 
shreds, so that only as an exception do we chance to see vesicles, and these very small. 
The raw spots upon the conjunctiva produced by the rupture of the vesicles soon 
become covered with a gray coating, as is so frequently the case in wounds of mucous 
membranes. 

A further distinction between pemphigus of the conjunctiva and, indeed, of the 
mucous membranes generally, on the one hand, and pemphigus of the skin, on the other, 
consists in the fact that the process in the mucous membrane, in correspondence with 
the more delicate structure of the tissue, goes deeper in and hence leads to scar formation, 
while the pemphigus vesicles of the skin heal without leaving scars behind. 

Pemphigus of the conjunctiva is rarely found in conjunction with eruptions of 
pemphigus upon the skin. More frequently there exists with the pemphigus of the con- 
junctiva an analogous affection of the mucous membrane of the mouth, throat, or nose. 
In these localities the pemphigus runs a course like that in the conjunctiva and may, par- 
ticularly in the buccal cavity, lead to shrinking of the mucous membrane, and thus to 
stenosis of the mouth. But it may also happen that a lesion of the kind just described 
exists in the conjunctiva without pemphigus being present elsewhere in the body. That 
such cases as these, which were first described by von Graefe as essential phthisis of the 
conjunctiva, are also to be ascribed to pemphigus, is not certain, though probable. 

Treatment has usually no power to restrain the process. Arsenic is administered 
internally for the pemphigus; and to make the patient easier, mucilaginous remedies are 
instilled into the eyes as in xerophthalmus (see page 185). [A number of these cases are 
associated with syphilis, and in these antiluetic treatment may be given, although, as a 
rule, with little prospect of success.—D.] Transplantation of pieces from another mucous 
membrane into the conjunctival sac may be tried in order to replace the conjunctiva that 
has been destroyed. ; 

(3) Lupus Consuncrivz.—Lupus of the skin sometimes is continued over the 
edges of the lids upon the conjunctiva. In this situation it appears as an ulcer, the bot- 
tom of which is covered with granulations in which tubercle bacilli can be made out. 
Lupus of the conjunctiva must therefore be regarded as a form of tuberculosis of the con- 


junctiva (see page 209), 
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In the case of other exanthemata, too, for instance in macular and papular syphilides, 
in pityriasis, psoriasis, ichthyosis, herpes iris, dermatitis herpetiformis, lepra, etc., the 
conjunctiva is sometimes characteristically implicated. In lepra, yellowish, translucent, 
non-vascular nodules generally develop near the margin of the cornea. These lie both 
in the conjunctiva and in the subjacent sclera and sometimes grow out upon the cornea. 
When upon the latterthey notinfrequently have the appearance of anew growth. There 
is an associated iritis sometimes combined with the formation of lepra nodules in the iris; 
also cyclitis. The nodules in the different parts of the eye finally break down, and the 


eye is lost. 


VII. Consunctivitis VERNALIS'® (SPRING CATARRH) 


166. Symptoms and Course.—Spring catarrh (Saemisch) is a chronic 
disease, persisting for years and setting up very characteristic changes in 
the conjunctiva, both of the tarsus and of the eyeball. The conjunctiva of 
the tarsus is covered with papille, which are broad and flattened, so as to 
make the conjunctiva appear like a pavement of cobble-stones (Fig. 57). 


Fia. 57. Fie. 58. 
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Over the whole lies a delicate, bluish-white film, as if a thin layer of milk 
had been poured over the conjunctiva. The changes in the conjunctiva of 
the eyeball are still more striking. Growths arise from the limbus at the 
outer and inner side of the cornea, under the form of brownish, uneven, hard 
nodules of gelatinous appearance (Fig. 58). These extend partly ais the 
transparent cornea for a short distance, and still farther in the opposite 
direction into the conjunctiva. In contradistinetion to the nodules of 
conjunctivitis eezematosa, which break down so speedily, these nodules 
never ulcerate; on the contrary, they are very stable bodies, often lasting 
for years with but slight variations in size. 

Quite as characteristic as the changes, objectively perceptible, are the 
statements given by the patients. They say that during the wate they 


‘6 Synonym: Conjunctivitis xstivalis. 
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experience little or no annoyance from their eyes, but as soon as the first 
warm days come in spring the eyes begin to grow red and to water; the 
patients are greatly tormented by photophobia, and especially by a constant 
itching in the eyes. The warmer the weather, the greater the intensity of 
the subjective troubles; conversely, the patients feel easier if, for instance, 
there occur in summer a series of cool, rainy days. In autumn the troubles 
once more abate, and during the cold season they disappear completely, 
only to begin anew in the following spring. The difference in the objective 
condition at different seasons of the year is considerably less than one would 
suppose from the great change in the patient’s subjective state, and consists 
principally in the eyes’ being free from discoloration in winter and injected 
in summer, while the growths upon the conjunctiva appear but slightly 
smaller in winter than in summer. 


Spring catarrh is not a catarrh, as the not altogether suitable name chosen for it 
would indicate, but is a disease sui generis. It was first described by Arlt (1846), who 
regarded it as a peculiar variety of conjunctivitis eczematosa. Subsequently Desmarres 
mentioned it under the title “hypertrophie périkératique,’”’ von Graefe as gelatinous 
thickening of the limbus, Hirschberg as phlyctzena pallida. Saemisch first brought into 
prominence the characteristic exacerbation of the disease durmg the warm season, and 
therefore called it spring catarrh, by which name it is at present commonly designated. 
Horner discovered the peculiar character of the tarsal conjunctiva, and thus completed 
the picture of the disease. 

It is only in a few cases of spring catarrh that the changes in the conjunctiva of the 
lids and in the limbus are equally pronounced. Generally we find changes of one sort 
only, while those of the other sort are merely indicated or are absent altogether. The 
cases with proliferations of the palpebral conjunctiva without proliferation of the 
limbus are much more frequent than the contrary kind. Furthermore, we must not 
expect always to find the changes so striking as the pictures, which purposely are taken 
from quite far advanced cases, show. The papille are often quite small or altogether 
absent, so that the bluish-white veil which covers the conjunctiva of the tarsus is the 
only evidence of the disease. Sometimes a peculiar palish, persistent reddening of 
the eyeball, consisting of a coarse reticulate conjunctival injection combined with a 
distinct ciliary injection, is the only thing to indicate the trouble. In such doubtful cases 
the diagnosis can be made sure only by the history, of which the specially characteristic 
features are the dependence of the symptoms upon the external temperature, and 
the itching. 

The proliferations in the limbus are sharply demarcated from the healthy cornea. 
Sometimes we can see in the cornea, parallel with the margin of the nodule, a narrow 
gray stria like the arcus senilis, separated from the margin of the nodule by a narrow 
strip of transparent cornea. This opacity usually remains permanently even after the 
disappearance of the proliferations. Very rarely the proliferations advance a greater dis- 
tance into the cornea under the guise of a tissue which is like a pannus but which contains 
very few vessels and hence is pale and gelatinous-looking. This may actually cover the 
whole cornea. 

The papillary growths in spring catarrh are the reason for this disease’s being com- 
monly regarded as trachoma, and being treated with nitrate of silver or with bluestone. 
The result of this treatment is that the growths do not recede and the irritation of the 
eye is heightened. The papillz in vernal catarrh are much larger (broader), harder, and 
also paler than in trachoma, and above all are distinguished by the bluish-white lining 
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which is absent in papillary trachoma. Particularly important in the differential diag- 
nosis is the history. The extremely characteristic statements in regard to the 
return of the disease every year in the spring often establish the correct diagnosis before 
we have even looked at the eye. In hay fever, to be sure, there is also generally a return 
of the conjunctivitis every year in the spring (see page 143). But this recurrence is an 
acute one, and runs its course within a few weeks, while, on the contrary, the symptoms 
of spring catarrh last during the whole of the warm season. [Spring catarrh and trachoma 
sometimes occur simultaneously, especially in Palestine, where spring catarrh is fairly 
frequent (Butler) —D.] 

The papillze on the tarsal conjunctiva are hard—sometimes as hard as cartilage. 
They are produced by overgrowth of the subconjunctival connective tissue which later 
undergoes hyaline degeneration. The presence of this hyaline layer is probably the rea- 
son for the bluish-white coloration of the conjunctiva. In the deeper layers there is pres- 
ent a somewhat more marked cell infiltration consisting mainly of plasma cells. The 
epithelium itself is diseased primarily as a result of the changes in the underlying tissue; 
it proliferates and sends offshoots into the deeper parts. The proliferations in the lim- 
bus show ‘anatomical changes like those which the papille on the lid present. The secre- 
tion, which is usually scanty, is marked by the presence of numerous eosinophile cells 
(Herbert, Pusey], and their demonstration can be utilized for diagnosis in doubtful eases. 
The distinction between spring catarrh and trachoma so far as the anatomical changes 
are considered consists in the fact that in the former the principal thing is the connee- 
tive-tissue proliferation, in the latter the infiltration with cells. This infiltration in 
spring catarrh consists predominately of plasma cells but in trachoma of lymphocytes. 
These latter become aggregated to form granulations, which again is not the case in 
spring catarrh. 


167. Spring catarrh is a pretty rare disease, chiefly affecting the male 
sex and the ages of boyhood and youth. Many patients seem to be in other 
respects quite healthy, while others, without being scrofulous, display 
besides pallor of the complexion multiple swellings of the lymphatic glands, 
especially on the neck and lower jaw. Almost always both eyes are 
attacked. The disease generally keeps on making its return annually for 
three or four years, and often longer still, for ten or even twenty years, until 
finally it becomes extinct, without leaving any marked trace of its presence 
behind. The prognosis is therefore good as regards the ultimate outcome, 
but bad as regards the duration, as up to the present time we know of no 
remedy for curing the disease or for preventing its annual return. The 
cause of the disease is unknown. 

Inasmuch as we are unable to cure the disease, the treatment must be 
limited to the amelioration of the subjective symptoms. We combat the 
inflammation by instilling mild astringents, e.g., solutions of zine (14 per 
cent), boric acid (3 per cent), ichthyol (1 to 2 per cent). For the itching 
the frequent instillation of a weak solution of acetic acid (5 drops of acidum 
aceticum dilutum to 10 gm. of water) does good service. |Dioninis also said 
to afford much relief (Swift), and anesthesin has helped in some cases.—D.] 
In many cases the dusting in of xeroform or the instillation of suprarenal 
extract hasagoodeffect. Toshieldthem from the light we direct the patients 
to wear protective glasses (of grayish-smoke, euphos, [or Crookes] glass). If 
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we have patients of pale aspect and with swollen glands we administer 
arsenic and iron internally. Furthermore, in summer the advice must be 
given to keep cool, use cold baths and showers, or reside in the 
mountains. 

If the growths are of a considerable size they may be removed [either 
by ablation or by means of electrolysis or carbon dioxide snow. Diathermy 
(page 57) has also been employed and actinotherapy has been used with 
success.—D.]. 


168. Amyloid Degeneration of the Conjunctiva.—This rare disease has been 
observed mainly in Russia and the countries adjacent, and was first described by Oet- 
tingen in Dorpat. It consists in a peculiar degeneration of the conjunctiva, by reason 
of which the latter becomes yellowish, translucent like wax, non-vascular, and very fri- 
able. With this there is associated a considerable thickening of the membrane, so that 
it forms large swellings which look like new growths. The affection begins in the retro- 
tarsal fold, and from this passes over to the conjunctiva of the eyeball and of the lids; 
in the lids the tarsus also is subsequently implicated in the degeneration. In a case that 
has lasted a long time the following clinical picture is found: The patient cannot open 
the eye because the two lids, transformed into large, misshapen swellings, cover it up. 
If the lids are drawn as far apart as possible, the wax-like conjunctiva is seen rising up 
under the form of a rigid prominence all about the cornea, which latter is either clear or 
is covered by pannus. Thick swellings, seated in the retrotarsal fold, protrude between 
the lids and the eyeball; the plica semilunaris also is enlarged until it forms a misshapen 
mass. These various swellings are so friable that they often tear when an attempt is 
made simply toseparate the lids for examination, although when they tear they bleed very 
little. The disease runs a very chronic course, dragging on for years without any real 
inflammatory symptoms, until at length the patient is deprived of the use of his eyes by 
inability to open the misshapen lids. 

Microscopic examination has shown that the degeneration of the conjunctiva origi- 
nates from the subconjunctival cellular tissue. Thisat firstisfound to be very abundantly 
infiltrated with cells (adenoid proliferation). This is followed by the formation in the 
tissue of dully lustrous, homogeneous bodies, which are called by the name either of amy- 
loid or of hyalin, according to the reaction that they give with stains. Hyalin may 
occur as a preliminary stage in the development of amyloid; but generally it represents a 
variety of tissue degeneration (hyaline degeneration of the conjunctiva) distinct from the 
amyloid, and showing no tendency to pass over into the latter. Hyaline and amyloid 
degenerations present almost precisely the same clinical picture, so that a positive 
distinction between the two can be made only by examining excised pieces of 
conjunctiva. Finally, calcification or ossification may take place in the degenerated 
mucous membrane. 

The disease attacks people in middle life, and ordinarily both eyes are affected. 
Very frequently amyloid degeneration is preceded by trachoma of the conjunctiva, 
which, however, should not be regarded as the cause of the affection, inasmuch as the 
latter can develop in eyes that previously were healthy. The actual cause of the disease 


- is not known. In every instance it is a purely local process, for the individuals attacked 


by it are sound as far as the rest of the body is concerned, and do not suffer from amyloid 
degeneration of the internal organs, with which, therefore, amyloid degeneration of the 
conjunctiva has nothing at all to do. 

Medical treatment is powerless against this disease. We must confine ourselves to 
removing the growths upon the conjunctiva to such an extent that the lids can be opened 
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and vision thus rendered possible. It is by no means necessary—indeed it is not at all 
advisable—to remove by a radical operation all the diseased parts, since the portion of 
the growth that is left behind generally atrophies of itself afterward. 

Conjunctivitis Petrificans.—Leber describes under this name a disease in which 
white spots appear in the conjunctiva which are produced by the deposition of lime and 
from which ulcers develop whose floor is rendered white and hard by lime deposits. This 
disease drags on for years with frequent remissions, and produces adhesion of the lids to 
the eyeball. 


VIII. TUBERCULOSIS OF THE CONJUNCTIVA 


169. In the conjunctiva tuberculosis ordinarily appears under the 
guise of ulcers. Tuberculous ulcers are located as a rule in the tarsal con- 
junctiva. The diseased lid even on external inspection looks thickened. 
On everting the lid there appears upon its conjunctival surface an ulcer 
which is either covered by grayish-red granulations (Fig. 59), or has a yel- 
lowish-red, lardaceous-looking base. In its 
vicinity small gray nodules (tubercle nodules) 
or outgrowths resembling a cock’s comb are 
often found in the conjunctiva. The ulcer 
shows no disposition to heal; on the contrary, 
| pope el nee (Team it spreads, although it does so very slowly. 

Consuneriva. It may pass over to the conjunctiva of the 


aaa Peer ced °. eyeball; and even the cornea is sometimes 
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i ta eres eis ce cially severe cases the ulcer does not remain 


Se en ee from the resto confined to the conjunctiva, but eats through 
overhanging” and ite curfece coe the entire thickness of the lid, so that even 
mr Oe rane puneer ene ee pi ri ae onexternal examination a deficiency of tissue 
inset” tal observable in the Zid.” Quite early in the 
Last pea ce iy sease the lymphatic gland in front of the 

sar becomes swollen; afterward the lymph 
glands about the lower jaw and in the neck also become enlarged. The 
clinical picture afforded by the disease is sufficiently characteristic to make 
the diagnosis from it alone; but to be quite sure upon this point, we should 
remove bits of tissue from the ulcer and either demonstrate the presence of 
tubercle bacilli in them by the ordinary methods, or else, by inoculating 
them into rabbits’ eyes, set up tuberculosis in the latter. 

Tuberculosis of the conjunctiva generally attacks only one eye. The 
patient does not suffer pain; it is only by the swelling of the lid, the purulent 
secretion, and subsequently by the diminution of visual power, that he is 
annoyed and made aware of the existence of his trouble. The disease 
occurs, almost without exception, in young people, and runs an uncom- 
monly chronic course, being often protracted over many years. Even after 
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an apparently radical cure it shows a great tendency to recur, and it can, 
by infecting the rest of the organism, finally lead to death from tubercu- 
losis. Treatment consists in radically excising or curetting the ulcer and 
then cauterizing the raw surface; using here the galvano-cautery loop or 
lactic acid (pure or 50 per cent), and in the latter case taking care that none 
gets on the cornea. If the tuberculous foci are so extensive that complete 
removal would be followed by great deformity of the lids or marked symble- 
pharon, we may try to dissipate the tuberculous tissue by tuberculin injec- 
tions or phototherapy. For after treatment it is best to apply iodoform for 
a long time to the conjunctival sac in powder or 10- to 20-per-cent oint- 
ment—iodoform being specially efficacious in tuberculous processes. 


Tuberculosis and lupus of the conjunctiva are to be regarded as essentially identical 
affections, in that both represent ulcerative processes produced and maintained by the 
presence of tubercle bacilli. In fact, the first cases of tuberculous conjunctival ulcers 
were described as primary lupus of the conjunctiva (i.e., lupus without coincident lupus 
of the skin) (Arlt). The two processes are distinguished only by external differences 
relating to their aspect and course. Thus, as a rule, lupous are distinguished from tuber- 
culous ulcers of the conjunctiva by the fact that they have migrated from skin to con- 
junctiva, and that, like lupus of the skin, they show spontaneous cicatrization on one 
side while on the other the ulcer keeps advancing (see also pages 181 and 203). 

Tuberculosis of the conjunctiva may originate either in ectogenous or in endogen- 
ous infection. In individual cases, to be sure, one often cannot determine which sort of 
infection is present. We should, e.g., think the infection ectogenous if a quite circum- 
scribed tuberculous ulcer were situated on the conjunctiva of a man in whom clinically 
demonstrable evidences of tuberculosis were not present elsewhere. For example, a par- 
ticle of dust carrying bacilli might get into the conjunctival sac and by its sharp angles 
produce a small superficial lesion of the conjunctiva, which is thus infected (tubercle 
bacilli, according to the researches of Valude, not penetrating into the conjunctiva when 
the epithelium is intact). In favor of an infection of this sort is the fact that we so often 
see tuberculous ulcers begin in the region of the sulcus subtarsalis, where small foreign 
bodies are so readily retained. In such cases, the conjunctival tuberculosis may repre- 
sent the only focus of the disease in the body—primary tuberculosis of the conjunctiva. 
This may remain for a long time confined to the conjunctiva; indeed, in exceptional 
cases, it may even heal spontaneously. The rule, however, is for tuberculosis to spread 
from here to other parts of the organism. This extension may be by way of the lym- 
phatic circulation, the neighboring lymph glands being first attacked by the tuberculosis. 
Or the disease may extend by continuity, the tear passages first and then the nasal 
mucous membrane being infected by the tears containing the bacilli. Those cases of 
conjunctival tuberculosis are regarded as secondary in which there is at the same 
time tuberculosis of the internal organs (especially the lungs). The eye may then 
be infected by the patient’s getting some of his own tuberculous sputum into it. 
Or the tuberculosis extends by continuity, a tuberculous or lupous affection of the nasal 
mucous membrane passing to the conjunctiva through the tear passages. (Not infre~ 
quently, therefore, we find conjunctiva, lachrymal sac, and nasal mucous membrane 
attacked at the same time by tuberculosis, and careful study of the history of the case 
and exact examination generally render it possible to ascertain whether the affection has 
passed from conjunctiva to nose or vice versa.) 

An endogenous (hematogenous) infection is present when the tubercle bacilli have 
been carried into the conjunctiva through the circulation, This sort of infection may 


14 
\ 


210 TEXT-BOOK OF OPHTHALMOLOGY 


be assumed to exist especially in those cases in which the disease occurs under the form 
of discrete miliary foci in the conjunctiva (see page 181). 

170. Parinaud’s Conjunctivitis.—In this disease, which develops acutely with 
fever and other evidences of constitutional disturbance, reddish or yellowish granula- 
tions form in the highly inflamed conjunctiva, and these not only in the retrotarsal folds 
but also in the conjunctiva of the lids and even in the conjunctiva of the eyeball. The 
granulations sometimes grow so as to form quite large swellings; in many cases also there 
are very small superficial gray-coated ulcers in the conjunctiva. A characteristic sign of 
the disease is the swelling which affects the pre-auricular lymph gland and indeed the 
whole parotid region, sometimes even down to the neck. The swollen glands not infre- 
quently suppurate. The disease ends in recovery within from a few weeks to a few 
months without producing any further bad results. Usually but one eye is affected. 
Parinaud ascribed the disease to infection derived from animals, [but this cannot always 
be traced, nor is tuberculosis, which is present in some cases, uniformly present. Verhoeff 
in a number of cases found a leptothrix forming filamentous masses walled off by an area 
of cell necrosis.—D.]. 

Sporotrichosis Conjunctive.—This rare disease is caused by various species of 
sporotrichon and produces small, light-yellow, soft nodules in the conjunctiva with 
[points of ulceration and with purulent discharge. There is | swelling of the neighboring 
lymph glands. Nodules also occur in the lid-margin. [The canaliculi may contain con- 
cretions enclosing the sporotrichon. The disease resembles Parinaud’s conjunctivitis, 
from which it can be differentiated by the discovery of the sporotrichon (Wilder, Bedell). 
—D.] A cure usually results from the internal use of potassium iodide. 

171. Ulcers of the Conjunctiva.—Ulcers of the conjunctiva, besides occurring as a 
result of tuberculosis, are also observed in the following conjunctival affections: 

(a) As one of the symptoms of a conjunctivitis, an example being the minute ulcers 
originating in the efflorescences of conjunctivitis ecezematosa or those which have given 
its name to the pustular form of catarrh (see page 141). 

(b) {In squirrel-plague conjunctivitis (see page 141).] 

(c) In sporotrichosis of the conjunctiva, and Parinaud’s conjunctivitis (see § 170). 

(d) After the separation of necrotic portions of the conjunctiva, as in diphtheria, or 
after burning of the conjunctiva with heat or caustics. Here belong also the eschars pro- 
duced artificially by the use of too strong applications. 

(e) As a result of exanthemata; ulcers, for instance, which are derived from a vario- 
lous pustule or from the rupture of a bulla of pemphigus upon the conjunctiva. 

(f) Upon the tarsal conjunctiva there is quite often found a small raw spot, from 
which rises a little mass of granulations. Here we have to do with a chalazion which has 
broken through on the inner side of the lid. As a rule, a slender sound can be introduced 

through the granulations into the cavity of the chalazion. 

(g) Vaccine ulcers due to transfer of the vaccine poison from a vaccine pustule 
(Purtscher). ‘They are heavily coated ulcers and are attended with considerable swell- 
ing of the pre-auricular lymph gland (cf. § 219, Keratitis Disciformis and § 591, Vaccine 
Ulcers of the Margin of the Lids). 

(hk) Ulcers in glanders. 

(i) Uleers which have developed from the breaking down of an epithelioma of the 
conjunctiva. 

(j ) Syphilitie ulcers. Generally we have here to do with those losses of substance 
which have arisen from the breaking down of an initial sclerosis. These, as a rule, are 
situated near the free border of the lids, but are also observed in the retrotarsal fold and 
even in the conjunctiva of the eyeball. The transmission of syphilis appears to take 
place most frequently by kissing, and in small children also by the practice which many 
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nurses have of moistening the agglutinated edges of the lids with saliva in order to open 
them. In some countries it is the custom to remove foreign bodies from the conjunctival 
sac by licking them out with the tongue. Occasionally, also, syphilitic ulcers have been 
observed, which were produced by the breaking down of gummata of the conjunctiva. 
(Hirschberg). Syphilitic ulcers of the conjunctiva are among the greatest of rarities. 
Still rarer is soft chancre of the conjunctiva. 


IX. InsuRIES OF THE CONJUNCTIVA 


172. The following varieties of injuries of the conjunctiva, which are 
of such frequent occurrence, are observed: 

(a) Foreign bodies in the conjunctival sac. Small-sized foreign bodies, 
like grains of dust, particles of coal or of ashes, which so often get into the 
eye during a railroad journey, the wing cases of small beetles, etc., fall first 
upon the surface of the eyeball, are brushed away from this spot by the 
movement of the upper lid, and then generally stick to the inner surface of 
the latter at a spot not far from its free border, where a shallow furrow, the 
sulcus subtarsalis, thatruns parallel to the edge of thelid, catches the foreign 
body. The pain which such a foreign body causes, and which is often quite 
considerable, does not originate in the conjunctiva itself, which has very 
little sensitiveness, but in the cornea, inasmuch as with every movement of 
the lid the foreign body is carried over the cornea and scrapes it. Hence: 
the pain is absent as long as the eye is kept quietly closed. It is easy ta 
remove the foreign body after the lid is everted. 

In other cases, small, sharp-pointed foreign bodies penetrate mto the 
conjunctiva, and may remain there a long time. Grains of powder remain 
fixed in the conjunctiva of the eyeball without giving rise to any further 
irritation, and may therefore be left in the conjunctiva. Larger-sized for- 
eign bodies are retained in the conjunctival sac only when they get into the 
upper retrotarsal fold. In this spot they stay, remaining still even during 
the act of winking, cause no irritation of the cornea, and therefore produce 
but little trouble. After some time has elapsed they begin to excite the 
symptoms of chronic conjunctival catarrh. 

(b) Solutions of continuity of the conjunctiva are not rare, and are often 
associated with extensive infiltration of blood (ecchymosis). If the edges 
of the wound are not too greatly lacerated, the conjunctival wound can be 
closed with a stitch. 

(c) Burns of the conjunctiva and corrosive injuries are pretty frequent. 
Burns are the result of hot water or steam, hot ashes (especially cigar ashes), 
exploding powder, flames striking against the eye, molten metals, etc. Of 
corrosive injuries, which may be produced both by acids and by alkalies, 
those that arise from the action of lime are the most frequent, the lime get- 
ting into the eye usually under the form of mortar. As a rule the injury is. 
greater in the lower part of the conjunctival sac than in the upper, because 
the eyeball turns up the moment the injury is inflicted, so that its lower 
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part is exposed in the palpebral fissure, and also because the hot or corrosive 
liquid flows down at once into the lower part of the conjunctival sac. 

The action of burns is the same as that of caustics; the conjunctiva at 
the affected spots is destroyed and converted into an eschar. These spots 
stand out as gray or white patches in the midst of the reddened and swollen 
portions of the conjunctiva that are not escharotic. The eschars separate 
in consequence of a delimiting suppuration, and the resultant granulating 
losses of substance heal by a drawing in over them of the neighboring 
healthy conjunctiva. The final result is therefore always the formation 
‘of a cicatrix. This may lead to a diminution in size of the conjunctival 
sac, or, if of great extent, to adhesion of the lids to the eyeball 
(symblepharon). 

[Corrosive injuries, especially those affecting the limbus, quite fre- 
quently cause a rise of tension, which develops several days after the injury, 
and last a week or more (Kuemell).—D.] 

The prognosis of an injury by burns or caustics with regard to the pres- 
ervation of sight depends primarily upon the condition of the cornea, which, 
indeed, is always implicated in any extensive lesion of the conjunctiva. 
Next, the losses of substance in the conjunctiva itself must be considered, 
since the adhesions that develop from them may more or less harm the fune- 
tion of the eye. [The amount of injury done often cannot be determined 
in the first two or three days, so that the prognosis must be guarded.—D.} 

The prime therapeutic requisite, when we get an eye under treatment 
soon after injury by caustics, is the complete removal of any corrosive sub- 
stance still present. We remove solid particles with a linen pledget or a for- 
ceps, and then wash the conjunctival sac out thoroughly with a gentle 
stream of water. In the further course of an injury by burns or caustics, we 
must restrain subsequent inflammation by cold compresses, atropine, a 
bandage, ete. [If the tension rises we may have to use miotics.] After sepa- 
ration of the eschars, our aim must be to confine the resulting adhesions 
within the smallest limits. For this purpose we repeatedly draw the lids 
away from the eyeball to prevent adhesion of the two opposed raw surfaces. 
If the defect extends so far as to implicate the retrotarsal fold, we try by 
transplanting a flap of skin or mucous membrane to prevent the formation 
of an adhesion between the lid and eyeball, starting from the fornix (sym- 
blepharon posterius). If, nevertheless, this does develop, it must be 
removed, as far as can be, by operation later. 

Sometimes foreign bodies are introduced into the eye purposely. Chief among 
these are what are called crab’s eyes—lapides cancrorum. These are flat, calcareous con- 
cretions derived from the stomach of the crab, which are in great favor among the laity 
for removing foreign bodies from the eye. The crab’s eye is introduced between lid and 
eyeball, and then pushed across the cornea, carrying with it, it may be, mechanically 
any foreign body there present.'7 Sometimes it happens in performing this manipula- 
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tion that the crab’s eye slips into the superior fornix and remains there unnoticed. We 
may then find it there months or even years afterwards, entirely imbedded in the out- 
growths of the conjunctiva, which has undergone chronic inflammation. Foreign bodies, 
like sand, ashes, scrapings from a wall, etc., are also intentionally introduced, in order 
to simulate eye disease, into the eye, where they set up a conjunctivitis. 

[That the effect of burns, e.g., from particles of molten metal flying into the eyes, 
is often quite superficial is due partly to the cooling action of the tears, partly to the 
fact that the vaporized moisture.forms a layer between the hot body and the eye 
(Eales).—D.] 

By the entrance of caterpillar hairs (see § 395, Ophthalmia Nodosa) or of plant 
hairs into the conjunctival sac, acute inflammations of the conjunctiva develop often 
with the formation of small nodules in the conjunctiva inclosing the hairs. 

After the action of irritants on the eye an acute traumatic conjunctivitis is produced, 
evidenced by intense reddening of the conjunctiva with great photophobia, lachryma- 
tion, and pain, with which is associated in violent cases oedematous swelling of the lids. 
Such irritants are acrid vapors, liquids, or dust-like particles which get into the eye 
either by accident or as part of the day’s work in certain industries. [Examples of this 
occupational conjunctivitis are seen in cigar-makers, men whose work exposes them to 
metal, stone or emery dust, workers on certain kinds of wood, those engaged in preparing 
aniline dyes and other chemicals, workers in pitch or those employed on tarred roads, 
hop-pickers, oyster-shuckers, etc. A very violent, but transient conjunctivitis is pro- 
duced by eel’s blood spurting into the eyes. Some of the irritants mentioned, e.g., 
the aniline dyes, also cause discoloration of the conjunctiva. Discoloration without 
marked irritation occurs from the impact of silver dust in silver polishers (argyrosis).— 
D.] For the physician it is important to know that chrysarobin, which used as a remedy 
(especially for psoriasis), may cause acute conjunctivitis, and must then be discon- 
tinued. Under the same guise of an acute traumatic conjunctivitis occurs the con- 
junctival inflammation which follows the action of intense light, e. g., after dazzling by 
the reflection from snow (snow blindness), or by the electric are light (ophthalmia 
electrica). (See page 24.) 

X. PTERYGIUM 


173. Symptoms and Course.—A pterygium is a triangular fold of 
mucous membrane which extends from the conjunctiva of the eyeball to the 
cornea, either at the inner or the outer side of the latter (Fig. 60). The blunt 
apex of the triangle lies in the transparent portion of the cornea, and is sol- 
idly and immovably united to it. The base of the triangle spreads out in 
the conjunctiva of the eyeball, and passes into it without there being any 
sharp line of division between the two. The apex is called the head, the base 
the body, of the pterygium. The part that lies between the two and corre- 
sponds to the margin of the cornea is the neck of the pterygium. Here the 
limits of the fold of conjunctiva are the most sharply defined, its borders 
being inverted in such a way that a small sound (S, Fig. 60) can be pushed 
beneath them for a short distance. A pterygium of recent origin is succulent 
and abounds in vessels which run converging from the base to the apex and 
impart to the pterygium its red color. In fact, from its similarity in form 
and vascularity (venation) to the wings of many insects (Hymenoptera), 
the name of pterygium is derived.” The fold of conjunctiva forming the 


18 From [mrepvytov, the diminutive of] mrepvé, a wing. 
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pterygium is tightly stretched, so that there are produced a number of radi- 
ally disposed furrows or flutings; furthermore, in pterygia which are situated 
at the inner side of the eye the plica semilunaris is often quite obliterated 

and is included in the body of the pterygium (Fig. 60). 
In the course pursued by a pterygium two stages must be distinguished. 
In the first the pterygium keeps on gradually growing, for years it may be, 
toward the center of the cornea, which it may finally reach or even pass 
(progressive pterygium). Finally, the pterygium comes to a standstill so as 
to remain permanently attached to the same point upon the cornea (station- 
So ary pterygium). Whether in any 
Toke Vv, given case we are dealing with a 
progressive or a stationary pteryg- 
ium is determined mainly by the 
character of the apex of the growth. 
In the progressive stage this ap- 
pears surrounded by a gray non- 
vascular zone which looks thick 
and gelatinous. In a stationary 
pterygium this marginal zone is 
: found to be thin and cicatricial 

Fig. 60.—PTERYGIUM. 

A sound, S, is carried beneath the edge of the looking and the whole pterygium 
Pree, Te ence i venovinn ie pia ton is thin, pale, nearly descte Of ves 


C, caruncle. The adjacent plica semilunaris has been _ 7, : bs 
flattened out by the tensive force of the pterygium, sels, and tendinous. 


and is hence invisible. P, upper punctum lacrimale. Pterygium occurs only in that 
part of the cornea corresponding to the interpalpebral fissure. It is found 
most frequently on the inner side of the cornea; when there is already one 
in this spot another may form on the outer side also. The two pterygia 
may even meet in the center of the cornea. A genuine pterygium is prac- 
tically never observed at the upper or the lower margin of the cornea; on 
the other hand, it is not infrequently the case that both eyes are attacked 
simultaneously by pterygium, so that we sometimes see patients who have 
four pterygia, one on the outer and one on the inner side of either cornea. 

Among the injurious results which a pterygium entails, the worst is the 
damage done to the eyesight. This begins to be produced as soon as the 
point of the pterygium projects into the pupillary area of the cornea, and 
it increases in proportion as the point approaches the center of the latter. 
Moreover, pterygium by the tension to which it gives rise often causes a 
condition of irritation in the eye, as is shown by the marked injection and 
succulence (catarrhal inflammation) of the pterygium itself. In addition, 
the membrane, particularly if very much reddened, forms a striking disfig- 
urement and can also cause a restriction of the mobility of the eye. If, for 
example, a pterygium is situated on the inner side of the cornea and the eye 
is meant to be turned strongly outward, the eye may be restrained in its 
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movement by the tension of the pterygium, and therefore fail to move lat- 
erally as far as the other or healthy eye, so that binocular diplopia may be 
produced in consequence of this faulty placing. 

The older writers distinguished a pterygium crassum (vasculosum, carnosum, 
sarcomatosum) and a pterygium tenue (membranaceum). The former corresponds to 


a catarrhally inflamed, and hence therefore red and thick pterygium, the latter to a 
stationary pterygium, which has become thin and tendinous. ; 


Fie. 61.—LonaituDINAL SECTION THROUGH A PreRyGiIuM. Magnified 12 xX 1. 


The apex of the pterygium is marked by the termination of Bowman’s membrane at m. Atgis the 
boundary between the epithelium of the conjunctiva and of the cornea. At b, bi, bi1, lie cavities lined 
with epithelium. These are the cross sections of spaces which jut in from the lateral margin of the 
pterygium, between the latter and the surface of the cornea, and which are divided by the section 
close to their blind extremity. Beneath them at mi are to be seen remains of Bowman’s membrane. 
The eye had a wide pupil, consequently the iris in the section looks short and thick; its pupillary por- 
tion rises abruptly from the anterior capsule of the lens and indeed actually is overhanging so as to 
conceal the retinal pigment layer of the iris (compare p, Fig. 142). Conspicuously visible on the anterior 
surface of the iris are the very protuberant contraction folds, f, also the orifice of a crypt, c, and lastly 
an accumulation of pigmented cells, n,in the superficial layers which appears as a brown spot in the 


otherwise blue iris (nevus iridis). 


174. Etiology.—A pterygium is nothing but a fold of conjunctiva 
drawn up over the cornea and fastened to it. It originates from the pinguec- 
ula, the degenerative process which exists there making its way into the 
limbus, and then gradually upon the cornea itself. The pinguecula, there- 
fore, grows up, as it were, over the cornea, and in so doing draws the con- 
junctiva after it. Since the pterygium originates in the pinguecula, it is 
evident why, like the latter, it should occur only at the inner and outer mar- 
gins of the cornea. And as the pinguecula develops in consequence of the 
injurious influences which the conjunctiva in the region of the palpebral fis- 
sure is exposed to in the course of years, the like is true of pterygium and in 
a still greater degree. Hence it is found particularly [but by no means 
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exclusively] in elderly people and especially in those who are much exposed 
to dry heat, bright sunlight,] wind or dust, as in the case of farmers, 
coachmen, masons, stonecutters, [cooks, seamen,] etc., while among the well- 
to-do classes pterygium belongs among the rarities. The fact that the con- 
junctiva is stretched tightly over the cornea accounts for the triangular form 
of the fold, its incurved margin, and itsgreat tension ina horizontal direction. 


A pterygium consists mainly of fibrillar connective tissue, which is covered with 
the epithelium of the conjunctiva. The apex of the pterygium, however, is often 
covered by the corneal epithelium, so that the pterygium may be said to force its way 
underneath the latter (Fig. 61, g). In the tissue of the pterygium are found new-formed 
tubular glands and also larger spaces lined with epithelium (6, bi, 61:,); from both of 
these small cysts may develop. Bowman’s membrane, where it lies beneath the ptery- 
gium, is destroyed; indeed, the uppermost lamellz of the cornea itself are replaced here 
and there by the tissue of the pterygium. This explains why, even after the ablation 
of the pterygium, the cornea does not regain its normal transparency. 


175. Treatment.—This consists in an operation (see § 820); which is 
indicated in every case of progressive pterygium. Even though the ptery- 
gium is still small, we cannot be sure that it will not grow into the pupillary 
area of the cornea. Hence we prefer by performing operation to guard in 
time against injury to the eyesight. If the pterygium has approached 
sufficiently near to the center of the cornea to cause disturbance of vision, 
this disturbance is indeed rendered less by the operation of ablation, but is 
not completely done away with, since those spots of the cornea, which were 
occupied by the pterygium, never again become perfectly transparent. 
In any case, the associated symptoms of irritation, the restriction of mobil- 
ity, and the disfigurement are removed by the ablation. A stationary 
pterygium does not necessarily require operation; in this case we shall be 
guided mainly by the wishes of the patient with reference to the removal of 
the disfigurement, etc. 


176. Pseudo-Pterygium (Cicatricial Pterygium).—Sometimes we observe as a 
result of inflammatory processes fixation of a fold of conjunctiva upon the cornea, 
giving a picture similar to that of true pterygium. For example, there may be a gonor- 
rhoeal conjunctivitis, with great chemosis and a pretty large marginal ulcer of the cornea. 
The chemotic protuberance: of the conjunctiva becomes applied to the surface of the 
ulcer and adheres to it. After the inflammation has abated, the swelling of the conjunc- 
tiva goes down, and the chemotic protuberance disappears; but, at the spot where 
union with the cornea has taken place, the conjunctiva remains permanently fixed to the 
latter. We then see a triangular fold formed of conjunctiva extending over the limbus 
and upon the cornea, and attaching itself there. Ordinarily, at that part of the fold 
corresponding to the limbus a small sound can be passed all the way beneath the fold, 
a sign that the latter is adherent to its bed at its apex only and not throughout its whole 
extent. This is the most important distinguishing mark between a true and a false 
pterygium; another consists in the fact that a pseudo-pterygium does not keep on 
growing over the cornea, as a true pterygium does, but remains fixed forever to the 
spot at which it first became adherent. In its origin and its behavior a pseudo-ptery- 
gium is more like a symblepharon than a genuine pterygium. 

Pseudo-pterygia are observed not only after gonorrheal conjunctivitis, but also 
after diphtheria, burning by heat and by caustics, prolapses of the iris, the removal of 
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new growths, etc. It is evident that they may develop not only at the outer and inner 
sides, but at any side whatever of the cornea. The pseudo-pterygia remaining after 
gonorrheeal conjunctivitis are usually found above, those produced by burns, ete., 
most frequently at the lower part of the cornea (in the area corresponding to the palpe- 
bral fissure). 

Another kind of pseudo-pterygium is that which develops after a chronic super- 
ficial ulceration of the marginal portions of the cornea (keratitis marginalis superficialis, 
Fig. 95). Owing to the cicatrization which follows the ulcerative process the con- 
junctiva is drawn up steadily over the cornea. These pseudo-pterygia are very similar 
to true pterygia, for like the latter they keep on growing slowly over the cornea, and 
unlike other pseudo-pterygia are not completely perforate at the limbus. The differential 
diagnosis between these and the true pterygia can be made only in case we find the 
ulcerative process or its sequele (a superficial corneal opacity) upon the marginal 
portions of the cornea not implicated in the pterygium. 

Small pseudo-pterygia may without disadvantage be left undisturbed; larger ones 
we generally remove in the same way as genuine pterygia, and unite with stitches.the 
wounds left in the conjunctiva. In those cases in which the pseudo-pterygium is not 
adherent to the surface of the eyeball at a spot corresponding to the limbus, ablation 
and the use of the suture may be dispensed with; it is sufficient simply to free the point 
of pseudo-pterygium from the cornea, upon doing which the former retracts of itself 
and disappears by a process of atrophy. 

It sometimes happens that an old pannus which has already been transformed 
into connective tissue is united to the subjacent cornea only by loose cellular tissue, 
and thus acquires a certain freedom of movement, so that it can be shifted this way 
and that upon its bed along with the conjunctiva of the eyeball. So in this way, too, 
a picture similar to that of a pterygium may be produced. 


XI. SyYMBLEPHARON 


177. Characteristics.—By symblepharon’ we understand a cicatricial 
adhesion between the conjunctiva of the lids and the conjunctiva of the eye- 
ball. In that case, when we attempt to draw the lid away from the eyeball 


A B C 


Fic. 62.—SYMBLEPHARON (SCHEMATIC). : 
erius; B, symblepharon posterius by. adhesion; C, symblepharon posterius by 


lepharon ant a pe i 
mee pionks cicatricial shrinking; /, fornix. 


we observe that in one or more places bands extend from the inner surface 
of the lid to the surface of the eyeball, and that these become tightly 
stretched and prevent us from drawing the lid away completely. These 


19 From avy, together, and Ba¢bapor, eyelid. 
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bands generally look tendinous, more rarely fleshy, and may be attached 
not only to the conjunctiva sclere, but also to the surface of the cornea 
itself. If the adhesion between the two conjunctival surfaces extends so far 
peripherally as to reach into the fornix, we call this symblepharon posterius 
(Fig. 62 B). If the adhesion does not extend as far as this, so that the 
cicatricial bands stretch like a bridge between the lid and the eyeball, and 
we can introduce a sound beneath them and carry it along the fornix 
between the lid and the globe, it is then called symblepharon anterius (Fig. 
62 A). This distinction has been made for practical reasons, inasmuch as 
symblepharon anterius can be readily cured by an operation, while symble- 
pharon posterius can be cured with difficulty or not at all. Symblepharon 
totale is a total adhesion between the lids and the eyeball—a condition 
which occurs but rarely. 

178. Etiology.—Symblepharon develops whenever two opposed spots 
of the conjunctiva of the lid and of the eyeball have raw surfaces which come 
into contact with each other, and in consequence become adherent. Such 
a process of adhesion results of necessity when the two raw surfaces extend 
up into the fornix and there become continuous, since two raw surfaces 
which meet at an acute angle always begin to unite at this angle of junction. 
Causes which may give rise to the formation of raw surfaces upon the con- 
junctiva are burns by the action of the heat, burns from caustic substances, 
diphtheria, operations, ulcers of all kinds, ete. 

The expression symblepharon is also employed in a somewhat differ- 
ent sense to denote the contraction of the conjunctiva which occurs as a 
result of its gradual shrinking. In this case it is not a question of an adhe- 
sion between two raw conjunctival surfaces, but of a gradual diminution in 
size of the conjunctival sac. The folds of the retrotarsal region are first 
smoothed out; the conjunctiva of the lid passes to the eyeball directly (Fig. 
62 C) and whenever the lid is drawn away is pulled out into tense perpen- 
dicular folds. In advanced cases the conjunctival sac is converted into 
quite a shallow groove between the eyeball and the lid. Since contraction 
of the conjunctival surface due to shrinking always makes itself first 
apparent by disappearance of the retrotarsal fold, all these cases belong to 
symblepharon posterius. This kind of symblepharon is observed prin- 
cipally after trachoma; furthermore, in the rare cases of pemphigus of the 
conjunctiva. 

179. Symptoms and Treatment.—Very slight cases of symblepharon 
produced no bad results worth mentioning. When there are more pro- 
nounced adhesions, the excursions of the eye are hindered, and thus possibly 
diplopia may be produced just as in the case of pterygium. Inasmuch as 
with the movements of the eye traction is made at the site of the adhesions, 
the eye gets into an irritated condition. If the adhesions extend into the 
region of the palpebral fissure they become disfiguring, and if they extend 
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as far as the cornea they may injuriously affect the sight. Sometimes the 

lids are so fastened down by extensive adhesions that their complete closure 

_ isimpossible, and lagophthalmus is produced with its consequences that are 

so baneful to the cornea. Total symblepharon is obviously associated with 

complete blindness (or at most with quantitative perception of light). 
Treatment is by operation (see §§ 821 and 822). 


For epitarsus, see page 162. 


XII. XErRosis 


180. Symptoms.—Under the name of xerosis” conjunctive we desig- 
nate an alteration of the conjunctiva, generally occurring in patches and 
consisting in a dryness of the membrane. The surface of the conjunctiva 
at the xerotic spots glistens like fat and is of a whitish color, and looks either 
like epidermis or as if it were covered with dried foam, If the change affects 
the scleral conjunctiva the latter is thicker, less pliable, and lies in stiff folds. 
The tears flow over the diseased spots without moistening them. An anal- 
ogous change is also observed in the cornea, the surface of which looks dull, 
lusterless, and dry, while the parenchyma of the cornea at the same time 
is found to have lost its transparency (xerosis cornez). 

Etiology.—Xerosis occurs in two groups of cases. In one it results 
from a local affection of the eye. This occurs— 

(a) In cicatricial degeneration of the conjunctiva. It is observed most 
frequently as the final outcome of trachoma, and also, but more rarely, 
after diphtheria, pemphigus, burns, etc. It begins in isolated spots, but 
may ultimately spread over the entire conjunctiva, and over the cornea 
also. In the latter case, since the xerotic cornea grows opaque, the eye 
becomes blind. This form of xerosis is incurable. 

(b) Deficient sheltering of the conjunctiva, so that the latter is con- 
stantly in contact with the air, may likewise lead to xerosis. This occurs 
in ectropion and in lagophthalmus (incomplete closure of the lids). In the 
former case the exposed portion of the tarsal conjunctiva, in the second case 
that part of the scleral conjunctiva and of the cornea lying in the course of 
the papebral fissure, becomes covered with a thickened, dry, epidermoid 
epithelium, by means of which these parts protect, so to speak, their deeper 
layers against desiccation. In such cases assistance can be rendered only 
when it is possible (by operative interference) to provide the exposed con- 
junctiva or cornea with its normal shelter again. 

In the second group of cases xerosis appears as a symptom of a general 
disease of a peculiar character, the real nature of which is as yet unknown. 
It occurs pre-eminently in persons who are depressed in nutrition. The 
xerosis in these cases begins at the outer and inner parts of the conjunctiva 


20 From &npos, dry. 
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of the eyeball under the form of small triangular areas which are covered by 
what looks like a fine dried foam and are not wet by the tears (Bitot). As 
a rule there is present at the same time a peculiar disturbance of sight, 
namely hemeralopia or night blindness (see § 569). 

If it is adults that are affected, the xerosis and hemeralopia pass off 
within a few weeks. In small children, on the other hand, the disease often 
takes a malignant course. The xerosis spreads from the area occupied by 
the palpebral fissure over the whole conjunctiva of the eyeball and then 
over the cornea too. The latter becomes cloudy and suppurates under the 
guise of keratomalacia (see § 221), and the 
little patients die with the symptoms of a 
severe general disease. For the treat- 
ment see §§ 151, 220, 222. 


The separation, first made by Cohn, of xerosis 
into a variety dependent upon local causes and 
Fra. 63. Xwrosis Consuncriv. one caused by a general disease corresponds nearly 

Maguified $2024, to the ordinary division into xerosis parenchyma- 
Epithelial cell scraped from the xer-  tosq and xerosis epithelialis. In local xerosis the 


otic conjunctiva and stained by Gram’s 5 3 pe 
method. The nucleus of the cellis marked mucous membrane is diseased in its deeper as 


LS oaratcaas eke pe Blete FN “a gi wellas in the superficial layers (xerosis parenchy- 
though still in the protoplasm of the cell. matosa); while in xerosis produced by a general 
Upon the cell are seen xerosis bacilli. : SA A 

disturbance of nutrition the change affects the 
epithelium only (xerosis epithelialis). Many also make a distinction between xerosis 
partialis (sive glabra) and xerosis totalis (sive squamosa). 

The anatomical changes which underlie xerosis mainly affect the epithelium. The 
uppermost layers of epithelial cells undergo keratosis, the protoplasm of the succeeding 
layers containing abundant granules of keratohyalin (Fig. 63). In consequence the 
epithelium appears thickened, whitish, cloudy, and epidermoid. Moreover, it is covered 
with the sebum-like secretion of the Meibomian glands, and hence assumes a fatty 
character, in consequence of which the lachrymal fluid does not adhere to it. To this 
circumstance the peculiar dry appearance is chiefly owing, for if the diseased spots are 
freed from their fat by pencilling with soap they become capable of being wetted by 
the tears (Leber). 

Reymond and Colomiatti and shortly afterward Kuschbert and Neisser described 
as occurring in xerosis a special micro-organism, the bacillus of xerosis, which is ex- 
tremely like the diphtheria bacillus. This is found under the form of short rods adhering 
in great quantities to the surface of the epithelial cells (Fig. 63). It is, however, neither 
the cause of xerosis, nor indeed characteristic of the latter. It occurs frequently in 
the conjunctival sac anyhow, and simply seems to find in the dying epithelium of 
the xerotic spots a specially favorable soil for growth, so that it develops there in 
great quantities. 


What part does the lachrymal secretion play in xerosis? The real cause of the 
dryness of the conjunctiva is not, as has been believed, the deficiency of tears. In the 
beginning of the disease, as long as only small isolated spots of the conjunctiva are 
xerotic, we often find actually an increase in the lachrymal secretion. Per contra, 
xerosis of the conjunctiva has never been known to occur after extirpation of the lachry- 
mal gland. The real cause of the dryness of the conjunctiva is rather the fact that the 
tears do not adhere to it. Nevertheless it is true that in advanced xerosis the lachrymal 


at 
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secretion diminishes, and may even disappear altogether, for, owing to the marked 
shrinking of the conjunctiva, the secretory ducts of the lachrymal gland, which empty 
along the upper retrotarsal fold, become closed, and as a result of this, atrophy of the 
gland itself ensues. The patients, when led to weep by their melancholy state, feel only 
a sensation of fulness in the eyes; they cannot shed tears. Arlt found in a case of 
xerosis obliteration of the efferent ducts of the lachrymal gland produced by the great 
shrinking of the conjunctiva, the lachrymal gland itself being diminished to one third 
of its normal volume and transformed into a tissue resembling fat. In that form of 
xerosis also which occurs in connection with keratomalacia there is a striking deficiency 
in the lachrymal secretion; but here probably we have to do with a nervous disturb- 
ance, namely, with an absence of the reflex lachrymal secretion, due to depression of 
the general nutrition and particularly of the nervous functions. In a case of this sort 
Cirincione has found on autopsy an inflammation of the ciliary ganglion and ganglion 
Gasseri. 


XIII. ExTRAVASATION OF SERUM. AND BLOOD BENEATH THE 
CONJUNCTIVA 


181. (Edema and also extravasation of blood, if of any great extent, 
are observed only in the conjunctiva of the eyeball and in the retrotarsal 
fold, as these, on account of the laxity with which they are fixed to the sub- 
jacent parts, can be readily lifted up over quite large areas by fluid. The 
same thing does not occur in the conjunctiva tarsi, because it is too inti- 
mately adherent to the underlying cartilage. 

In the conjunctiva of the eyeball we meet with both inflammatory 
cedema (cedema calidum), occurring in inflammations of the eyeball or the 
organs near it, and with non-inflammatory cedema (cedema frigidum), result- 
ing from simple transudation of fluid. Since cedema, as a rule, is of impor- 
tance merely as a symptom of some other affection, treatment will have to 
be directed to the latter. Should it be desirable to take any special meas- 
ures against the cedema itself, the most suitable means for this purpose 
would be a pressure bandage, or, in the case of a tense oedema, scarification 
of the conjunctiva. 

Inflammatory edema is associated with the most various inflammatory affections, 
such as inflammations of the lids (erysipelas, hordeolum), of the margin of the orbit 
(periostitis), of the lachrymal sac (dacryocystitis), of the conjunctiva (particularly 
gonorrhceal conjunctivitis), of the eyeball itself (purulent keratitis, irido-cyclitis, and 
panophthalmitis), and, furthermore, of structures posterior to the eyeball (tenonitis, 
phlegmon of the orbit, cerebrospinal meningitis). Inflammatory oedema is especially 
apt to occur in old people, whose conjunctiva is particularly extensible and so loosely 
attached that we observe cedema in this situation sometimes with trifling conjunctival 
catarrhs. We commonly find the oedema most pronounced in the region of the palpebral 
fissure, because here the counter-pressure exerted by the lids is wanting; and not 
infrequently an cedematous fold of conjunctiva is found in the palpebral fissure, pinched 


off, so to speak, from the rest by the lids. Pa 
An inflammatory cedema of the conjunctiva is produced artificially for therapeutic 
purposes by dionin (see page 64). 
Non-inflammatory edema is caused by hydramia or by stasis. In the former case 
it occurs as a symptom of albuminuria, and sometimes then recurs a number of times, 
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but each time disappears again rapidly (cedema fugax). A peculiar sort of cedema is 
the filtration wdema of the conjunctiva of the eyeball. It is observed after operations 
or injuries which have produced a perforation in the most anterior section of the sclera, 
and arises from the fact that the aqueous from the anterior chamber oozes between 
the incompletely closed edges of the wound and lodges under the conjunctiva. Accord- 
ingly, when cicatrization occurs, the cedema commonly disappears. But if a minute 
opening remains in the sclera, the cedema, too, persists—a condition which is designated 
as cystoid cicatrization (see Fig. 135). Cdema from filtration is found either in the 
region of the fistulous opening or in the lower part of the bulbar conjunctiva, the fluid 
sinking in obedience to gravity. 

Not infrequently we see in the scleral conjunctiva small bright vesicles, arranged 
in a row like a string of pearls, or even joined so as to form longer sausage-like swell- 
ings. Here we have to do with dilated lymph-vessels that are filled with a clear liquid 
(lymphangiectasiw). These occur both in inflammation of the conjunctiva and also 
when the conjunctiva is perfectly healthy. 

182. The exudation of blood beneath the conjunctiva of the eyeball is 
known as ecchymoma subconjunctivale. We then see a spot of varying extent 
and of a vivid-red or dark-red color; sometimes the whole conjunctiva 
sclere is suffused with blood. Ecchymosis is easily distinguished from an 
inflammatory redness of the conjunctiva by its uniformly red coloration, 
in which no network of vessels can be recognized, and also by its sharp lim- 
itation from the unsuffused portions of the conjunctiva, which are ordina- 
rily quite normal and uncolored. 

Ecchymoses of the conjunctiva develop after injuries and operations 
upon the conjunctiva (particularly after squint operations), and, further- 
more, in violent inflammations, especially in catarrhal ophthalmia. Spon- 
taneous suffusions in an otherwise healthy conjunctiva are frequent in old 
people, whose blood-vessels have brittle walls, the rupture of the vessels 
being often occasioned by great bodily exertion, or by coughing, sneezing, 
vomiting, straining, etc. In children also spontaneous ecchymoses of the 
conjunctiva are observed, chiefly after whooping cough. A special symp- 
tomatic significance belongs to those ecchymoses which develop, to all 
appearance spontaneously, after an injury to the skull. Here we have to 
do with cases in which a fracture of the base of the skull has occurred, and 
the blood, as it escapes, gradually oozes forward through the orbit until it 
lodges beneath the conjunctiva (see § 619). 

Subconjunctival ecchymoses become absorbed in from a few days to 
a few weeks without producing any ulterior serious consequences, and in 
themselves require no treatment whatever. We generally prescribe com- 
presses of lead water [or hot water], more for the purpose of appeasing the 
patient than of obtaining a more speedy resorption. 

Eechymoses of the conjunctiva, free from danger as they are, terrify the patient 
by their conspicuous look, especially if, as is frequently the case, they spread still further 
in the next few days after they first develop. In these cases the pinguecula stands out 
with peculiar distinctness, as a light, white or yellowish spot upon the red substratum. 
From the transparent cornea the ecchymosis is delimited by a narrow gray border. 
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This is the inner margin of the limbus, which is too closely adherent to the cornea to be 
lifted up by the blood. In eyes with blue iris, the latter often has its color apparently 
changed to green in the spot corresponding to the ecchymosis. This is caused by the 
extension of the blood in a very thin layer (in which it appears green) between the 
lamelle of the cornea, so as to make the iris which lies behind it seem green. 

183. Emphysema of the Conjunctiva.—The entrance of air beneath the con- 
junctiva is sometimes observed simultaneously with the escape of air beneath the skin 
of the lids or into the orbital tissue (see §§ 618 and 723). 

| Hzmorrhage from the Conjunctiva. —Hmorrhage from the conjunctiva (“bloody 
weeping”) is due usually to traumatism (incised or contused wounds, rough or too 
frequent applications to the conjunctiva—especially too vigorous application of silver 
nitrate in ophthalmia neonatorum, etc.). In other cases, ulceration or abrasion of 
polypi or other vascular tumors is the cause (see page 226). Very rarely hemorrhages 
occur spontaneously in typhoid fever, in connection with menstruation, and conjointly 
with retinal hemorrhages (Wallis and others). The bleeding may be profuse enough, 
at least in infants, to endanger life.—D.] 

Pigmentation of the Conjunctiva.—Pigment is often present in the normal con- 
junctiva and most of all at the limbus, where, especially in dark-skinned persons, we 
not infrequently observe discrete dark brown spots or a more uniform brown: coloration. 
[Another instance of what may be called normal pigmentation is the pinguecula (page 
136). Pathological types of pigmentation are afforded by the pigment moles and melano- 
sarcomata (see pages 226 and 228), and the staining produced in argyrosis (page 
146) and by various chemicals (page 213). Circumscribed, often extensive, sharply 
defined black spots (melanosis of the conjunctiva) occasionally occur in chromidrosis, 
or as the result of an unabsorbed hemorrhage, or from other causes (Blanchard, Wirtz, 
Randolph). These are not in themselves malignant.—D.] Yet, in most cases, melano- 
sarcomata develop from them later. 


XIV. Tumors OF THE CONJUNCTIVA 


184. Benign Tumors.—Both malignant and benign tumors occur in 
the conjunctiva. The most important form of benign tumors is the 

Dermoid Tumor.—This is a flat growth of solid consistence which, 
so to speak, straddles the margin of the cornea, being situated partly in the 
conjunctiva and partly in the cornea, with which latter it is immovably 
connected. It most frequently occurs on the external (temporal) side of 
the cornea (Fig. 64). Its color is white or reddish, its surface epidermoid 
and often dry. It is sometimes covered with fine down, or even with longer 
hair. Histological examination shows that the growth possesses the com- 
position of the external skin; it consists of a stroma of connective tissue, 
covered with epidermis, and contains hair follicles and various glands. It 
is, so to speak, an island of skin upon the surface of the eyeball. 

Dermoid tumors are always congenital, and are frequently found along 
with other congenital anomalies, like congenital harelip or wartlike appen- 
dages of skin in front of the ears. Sometimes they grow still larger after 
birth. | 
The chief harm that dermoids do is to produce a considerable disfig- 
urement. If they are large, and especially if they are covered with hair, 
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they cause mechanically an irritation of the eye, and also interfere with 
vision, insofarasthey encroachupon the pupillary area of the cornea. They 
are removed by a simple process of ablation, which consists in detaching 
the tumor as accurately as possible from the subjacent cornea and sclera. 
The resulting wound in the conjunctiva should, as far as possible, be covered 
by drawing the adjacent conjunctiva over it (see § 820). That por- 
tion of the cornea upon which the tumor was 
formerly situated remains clouded perma- 


nently. If remnants of the tumor have been 
left, the latter may in part form again. 
! 


Dermoid tumors are solid, not hollow, and hence 
are not to be confounded with dermoid cysts (§ 730). 
They occupy a position midway between that of skin 
and mucous membrane. Their thick epithelium is 
like epidermis but does not become corneous. The 
tough connective tissue lying beneath the epithelium 
resembles the cutis and, like the latter, contains, 
besides hair follicles, sebaceous glands and often also 
sweat glands. On the other hand, acinous glands 
also occur such as are present in mucous membranes 
(like Krause’s glands of the conjunctiva). In rare 
cases dermoids contain hyaline cartilage or bone (the 
latter cases being described as osteomata), so that 


Fia. 64.—Dermorp TuMoR OF THE 


CoRNEA AND SUBCONJUNCTIVAL . * 
Lirpoma IN A THIRTEEN-yEAR-oLp Complicated structures develop which may be called 
GIRL. 


teratomata. 
The hairy dermoid tumor is situated 


on the outer and lower margin of the 
cornea, lying to a small extent in the 
cornea, and more largely in the sclera. 
The eye has to be turned strongly 
inward in order to bring the lipoma 
well into view. The lipoma-has a 
form differing from the ordinary in 
that it consists of two lobules, one, 
more bulging, lying beneath the lower 
lid, the other, flatter and lying under 
the upper lid. In addition it sends 
out a process which runs in the hori- 
zontal meridian of the eyeball as far 
as the outer margin of the cornea. It 
is everywhere covered by compact 
conjunctiva which resembles skin, but 
which nevertheless allows the yellow 
color of the underlying fat to show 
through. 


ple connective tissue. 


Remak supposed that dermoids, like dermoid 
cysts, originated in a fetal invagination of the outer 
germ-layer. On the other hand, Van Duyse believed 
that they owe their origin to a circumscribed ad- 
hesion between the amnion and the surface of the 
eyeball, which before the fourth month is not cov- 
ered by the lids. The adhesion between the amnion 
and the eyeball afterward is drawn out into a cord 
and finally breaks in two, its point of attachment 
to the eye remaining behind as a dermoid tumor. 
But this hypothesis does not explain why this point 
of attachment shows the structure of the external 
skin with glands, since the amniotic bands are sim- 


It is henoe more probable that the amnion contributes to the 


development of dermoids only to this extent, that when there is a smaller amount of 
amniotic fluid, the amnion is in closer contact with the eye and may press the lid against 
the surface of the eyeball. The same thing might be done by amniotic bands. As a 
result of the pressure there might develop a circumscribed adhesion between the lid 
and the eyeball, which afterward becomes detached but not without rudimentary por- 
tions of skin tissue being left on the surface of the eyeball, which rudimentary portions 
afterwards develop into a dermoid. 

Lipoma subconjunctivale forms a tumor, situated upon the upper and outer circum- 
ference of the eyeball, between the rectus externus and rectus superior muscle, and 


appearing of a yellowish color as seen through the conjunctiva. It is of triangular 
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form, the sharply defined base of the triangle looking toward the cornea, while the two 
sides of the triangle, which are directed outward pass gradually into the orbital fat. 
If the tumor is small it ordinarily remains concealed beneath the outer canthus, and can, 
be brought into view only by turning the eye strongly inward (Fig. 64). Larger lipo- 
mata are visible in the palpebral fissure even when the gaze is directed straight forward, 
and hence cause disfigurement; but they do no other harm. Microscopical examination 
shows that the tumor consists of fat lobules. The conjunctiva that coats it is thickened 
and of a cAaracter resembling skin, and in this regard a lipoma is akin to the dermoids 
(lipo-dermoid). Like the latter, it is congenital, but sometimes grows to a considerable 
size at the time of puberty. If it is desired to remove the tumor on account of the 
disfigurement it produces, we divide the thickened conjunctiva as far as may be, and 
then remove as much of the mass of fat as is visible in the palpebral fissure; a radical 
removal of all the adipose tissue is unnecessary. 

Cysts in the conjunctiva are commonly represented by small vesicles filled with a 
limpid liquid. Most of these vesicles, and particularly those situated upon the con- 
junctiva of the eyeball, originate from dilated lymph vessels (see page 222). In the 
retrotarsal fold cysts occur which take their starting point from Krause’s glands or 
from new-formed glands in the con- 
junctiva (page 134); and there are 
also congenital cysts and cysts that 
are produced in the conjunctiva by 
traumatism. Larger cysts situated 
ene ath the conjunctiva are formed 
by the cysticercus cellulose. The 
latter is observed for the most part 
in children or in adolescents. In 
such a case the conjunctiva at one Fic. 65.—Cysticercus SuBCONJUNCTIVALIB. 
particular spot is found traversed by Magnified 114 X1. 
dilated vessels, and forms a nodular In a girl ten years of age a small blood-red spot was 


. x T observed on the nasal side of the cornea two months be- 
protuberance (Fig.65). Underneath fore she came under treatment. This spot became con- 


may befelt the cyst, which, asarule, {itumed its present form, that of freely movable est, 
ean be readily pushed about upon lying beneath the conjunctiva. 

the subjacent parts; in individual 

cases, however, it is intimately adherent to the subjacent sclera or to one of the ocular 
muscles. If the cyst has very thin walls, the head of the worm can be recognized as a 
whitish spot in its interior. It is easy to remove the cysticercus by splitting up the con- 
junctiva and dissecting out the cyst, which consists of the cysticercus vesicle inclosed in 
a capsule of connective tissue that has been formed about the animal. 

Under the name of polypi of the conjunctiva we understand soft, rarely rather 
hard, outgrowths which are attached to the conjunctiva by a pedicle, and whose smooth 
surface is covered with mucous membrane. ‘These originate most frequently in the 
retrotarsal fold or in the conjunctiva of the lids. As a rule, they are so small as not to 
be disclosed until the lids are everted; sometimes, however, they are large enough to 
project out between the lids. Larger polypi are frequently ulcerated upon their surface, 
as a result of the mechanical injuries to which they are necessarily subjected. In their 
nature polypi are small fibromata, which push out the conjunctiva in a sac-like pro- 
trusion before them. Their treatment consists in ablation and a subsequent cauteriza- 
tion of their base with the silver-nitrate stick. ' 

Papillomata of the conjunctiva are frequently confounded with polypi, but are 
distinguished from them by their surface being not smooth, but papillary—that is, 
nodulated, like a raspberry or cauliflower. They are either provided with a pedicle or 
are sessile, having a broad base and extending in a flat layer over quite a large section 

15 
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of the conjunctiva. They start most frequently from the region of the caruncle, but may 
also take their origin from other portions of the conjunctiva, and sometimes several 
papillomata at once are present in different portions of the conjunctiva. They must 
be removed very thoroughly, since they are extremely apt to recur. 

A third form of tumor, having an external resemblance to polypi of the conjunctiva, 
are the granulation tumors. These, like polypi, form small, mushroom-like, pedicled 
tumors. Unlike polypi, however, they are not covered by conjunctiva, but consist of 
naked granulation tissue. They develop in places where a loss of substance exists in 
the conjunctiva, whether as a result of ulcers (or even large efflorescences in cases of 
conjunctivitis eczematosa) or as a result of injuries or of operations (most frequently 
after tenotomies, at the site of the conjunctival wound, and, after enucleation, at the 
bottom of the conjunctival sac). In the case of chalazia, also, which have broken through 
the conjunctiva of the lids, we quite often see a granulation mass growing out of the 
opening. After existing for some time granulation tumors become more and more con- 
stricted at their base by the cicatrical contraction of the surrounding conjunctiva, 
so that they ultimately fall off of themselves if they have not been previously removed. 

The three varieties of tumors above mentioned often contain an abundance of 
dilated vessels; in fact, some cases of very vascular polypi have been described as 
pediculated angiomata of the conjunctiva. It is hence easy to conceive how these 
tumors can readily give rise to repeated hemorrhages, especially if they are ulcerated 
in spots and are mechanically injured, as, for example, by the rubbing of the lids upon 
them (see page 223). 

Hemangiomata of the conjunctiva are, as a ruie, those which were originally 
situated in the lids and have gradually passed over upon the conjunctiva. Primary 
angiomata are of rare occurrence in the conjunctiva, and are generally found in the 
region of the inner angle of the eye. They are for the most part congenital, and increase 
in size after birth. For treatment, see § 620. 

Other benign tumors occurring, though very rarely, in the conjunctiva are fibromata, 
myxomata, and lymphangiomata. Furthermore, there are small connective-tissue 
growths which consist of plasma cells and are hence called plasmomata. It is not yet 
determined whether these are to be classed among chronic inflammatory growths or 
among neoplasms in the narrower sense of the word. 


185. Malignant Tumors.—Of malignant tumors, epithelioma and sar- 
coma of the conjunctiva occur. These originate ordinarily in the limbus con- 
junctive and thence extend both into the conjunctiva and into the cornea. 

Epithelioma of the conjunctiva forms a non-pigmented, flat, sessile 
tumor with a broad base. It remains for a long time confined to the super- 
ficial layers of the conjunctiva and cornea, its extension in the latter often 
resembling a pannus (Figs. 66 and 67). The tumor shows a great tendency 
to superficial ulceration. 

The sarcomata that start from the limbus are generally pigmented 
(melano-sarcomata). In opposition to epitheliomata, they grow more in 
height than in breadth, and are attached to the substratum by only a slender 
base. They hence form dark-colored, very prominent mushroom-like 
growths, which often overlie a great part of the cornea, although, if we lift 
them up, we find the cornea beneath for the most part normal (Figs. 68 and 
69). Both epitheliomata and sarcomata develop in advanced life, and, if 
they are not removed, spread steadily; sarcomata, especially, grow until at 
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length they form gigantic tumors. At last the patient succumbs from 
exhaustion or from metastases which form in the internal organs. The 
tumors must therefore be removed as early and as radically as possible. 
As long as they are still quite small and superficial, radical removal can be 
performed with preservation of the eyeball. The tumor is removed as com- 
pletely as possible, partly with the knife, partly with the sharp spoon, and 


Fie. 66. Fie. 67: 


Fic. 66.—EPiIrHELIOMA OF THE LimBUus aND CorNnEA. The patient, a man of fifty-six years of 
age, had noticed, as much as thirteen years before, that a pellicle was beginning to grow on the outer 
border of the cornea in the left eye. With the exception of its lower inner quadrant the cornea is 
entirely covered by a gray deposit, the surface of which is coarsely nodular and is traversed by numer- 
ous vessels which arise from the limbus. In the deposit can be seen with the aid of a magnifying glass 
scattered bright dots (epithelial pearls). Owing to these the deposit in spots acquires a greasy aspect. 
The new growth passes from the cornea on into the limbus and at the temporal side a little way into 
the conjunctiva of the eyeball, which at this spot has also taken on a nodular and in places gelatinous 
character. 

Fic. 67.—SEcTION THROUGH THE ANTERIOR SEGMENT OF THE SAamE Eyn. The section starts 
from the upper and outer part of the eye and runs downward and inward. 


the spot which it has occupied is thoroughly burnt with caustics, or, still 
better, with the actual cautery. [Radium has been used successfully in 
some cases (Treacher Collins).—D.] If complete removal of the growth is 
no longer possible in these ways, the eye, too, must be removed, even though 
it still possesses visual power. 


Fic. 68. Fria. 69. 
Fic. 68.—MELANO-SARCOMA OF THE LIMBUS ENCROACHING UPON THE CoRNEA. The dark brown, 
sausage-shaped tumor starts from the limbus and overlies the upper third of the cornea. On its sur- 


2 ge ilat veins. In the sclera the anterior ciliary veins are conspicuously visible, emerging 
en clr sars ewe ngeaan of the pecans The border of the upper lid presents near the inner 
angle of the lids, a small limpid cyst. This is situated right in the row of lashes and is derived from a 
a ot teD A PERPENDICULAR SECTION OF THE SAME Eyn. The tumor simply lies upon the cornea 
without penetrating into it. 

[Malignant tumors of the conjunctiva, especially sarcomata, often 
recur after even thorough removal. Verhoeff and Loring (cited by De 
Schweinitz) say that 80 per cent of epibulbar sarcomata recur, and hence 


believe that with these tumors we should not try te save the eye, but should 
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enucleate at once. Superficial pigmented spots at the limbus should always 
be regarded with suspicion, and should either be removed at once or should 
be kept under observation and removed the moment they begin to enlarge 
(Weeks); cf. pages 223—229.—D.] 


We must distinguish between epitheliomata and sarcomata which originate in the 
surrounding structures, especially the lids, and secondarily pass over upon the conjunc- 
tiva, and those which from the beginning are situated upon the conjunctiva and are 
hence to be looked upon as primary conjunctival tumors. These latter originate 
mostly from the limbus. The predilection shown by epitheliomata tor the boundary 
line between the conjunctiva and cornea is to be considered as an analogue of the 
fact that, in other parts of the body also, epitheliomata occupy by preference 
those spots where one kind of epithelium passes into another, as, for instance, the 
boundary line between skin and mucous membrane (anus, lips, margins of the lids, etc.). 
An additional factor giving rise to the development of epitheliomata at the limbus is 


Fic. 70. Fie. 71. 


Fre. 70.—Navus Picmentosus Limpr. Natural size. 

Fie. 71.—A Portion or THE SAME Navus. Magnified 113X1. The tumor is formed of 
cells which, being packed closely together, are arranged in spherical agglomerations, z. These are sep- 
arated by slender bands of connective tissue which carry pigment cells, The epithelium, e, of the con- 
junctiva in many places penetrates into the depth of the growth between the agglomerations of cells. 
There are thus formed either solid plugs composed of cells, many of these containing pearls of laminated 
epithelium, p, or hollow gland-like invaginations, 7, whose lumen in its deeper portion is ordinarily 
dilated to form rather large cavities, h. In many of these spaces, e. g., at c, there are found within 
the epithelial cells coccidia, which settle by preference in protected portions of the conjunctiva and 
act as cellular parasites. 


probably furnished by the anatomical character of the latter. The limbus is the only 
place in the ocular conjunctiva in which small papillse are normally present. Between 
these papillze we sometimes find, even in the healthy eye, a proliferation of epithelium, 
the latter growing in the form of conical processes into the depth of the tissue. 

[The dissemination of epitheliomata takes place mainly by the lymph rather than 
the blood channels (‘Treacher Collins).—D.] 

Sarcomata of the conjunctiva are almost always pigmented, differing in this respect 
from the epitheliomata. Melanotic sarcomata, as is known, develop in those localities 
in which pigment is already normally present. They hence occur upon the conjunctiva 
of the lids, and above all upon the limbus, two divisions of the conjunctiva which even 
under physiological conditions contain pigment. Apart from the brownish spots that 
are sometimes found as a physiological condition (page 223), real pigment moles (nevi 
pigmentosi) occur. These are most frequent in the limbus (Fig. 70) and at the border 
of the lid. They are small, flat, superficially smooth tumors which are sometimes but 


ws 


DISEASES OF THE CONJUNCTIVA 229 


little, sometimes very much, pigmented. Their structure is analogous to that of the 
soft nevi of the skin, cells being deposited in the conjunctiva which are grouped to 
form nests or globes composed of cells (Fig. 71, 2). The origin of these cells is contested, 
since some derive them from the endothelial cells of the lymph vessels (Recklinghausen), 
others from the surface epithelium (Unna) or from the chromatophores (Ribbert). 
Apart from this, there is also a proliferation of the epithelium, the latter growing down 
into the deeper parts in the form of gland-like invaginations which are sometimes solid, 
sometimes hollow (Fig. 71,1). This fact is the reason why such tumors have been classed 
by some authorities as epitheliomata. If such nevi, as not seldom happens, start to 
grow and develop into malignant tumors, it is always a sarcoma that forms from them, 
because the growth of epithelium soon falls quite into the background in comparison 
with the growth of the cell nests. 

It is impossible to make a radical removal of epibulbar epitheliomata and sarco- 
mata and at the same time preserve the eye, in cases in which these tumors have so 
great an extent superficially that the conjunctiva has to be extensively sacrificed; for 
in that case there would occur as a result of the operation so extensive a formation of 
cieatrical tissue, with consequent distortion and fixation of the eyeball, that the latter 
would become unserviceable for purposes of vision, and it would have been better to 
extirpate it at the beginning. So, also, the eyeball must be sacrificed in those cases in 
which the tumor grows down into the depth of the tissues at any one point—a thing 
which is especially apt to happen along the anterior ciliary vessels. Such an occurrence 
is often not discovered until after the removal of the superficial growth, or may even 
not be discovered at all. In the latter case a recurrence in the same locality occurs soon 
after the apparently radical removal. The following history serves to show the malig- 
nancy of these tumors which in the beginning are of such insignificant minuteness: 

In the year 1879 there appeared in the eye-clinic, at that time directed by Arlt, a 
woman fifty-seven years of age, having a melano-sarcoma on the right eyeball. This 
had developed from a minute red spot which had already existed for a series of years, 
and which had begun growing larger the year before. It had the dimensions of a large 
pea, was of reddish-brown color, and was situated in the conjunctiva on the outer side 
of the cornea. The base of the tumor projected from the limbus somewhat into the 
cornea, but nevertheless did not extend into the pupillary area, so that the visual 
power was perfectly normal. I extirpated the tumor by cutting through the conjunctiva. 
some distance from the edge of the tumor, and then removed the latter as carefully as 
possible from its base. The wound surface thus formed, which lay for the most part 
in the conjunctiva and to a smaller extent in the cornea, was scraped, and then the 
edges of the wound in the conjunctiva were united by a suture. Healing followed 
by first intention, and for a time the patient remained well. It was not till May, 1886 
—that is, seven years later—that the patient returned, having again an epibulbar 
melano-sarcoma on the right eye, which, however, this time was situated on the limbus 
at the inner side of the cornea, and formed a brown tumor half the size of a lentil. The 
thin cicatrix remaining from the first tumor was still present, quite unchanged, at the 
outer margin of the cornea; the limbus at the upper and lower margins of the cornea also 
was quite normal. For this reason it was impossible to regard the melano-sarcoma, 
now situated at the inner corneal margin, as a recurrence of the tumor removed seven 
years before from the external corneal margin. In fact, it could only be referred to a 
disposition toward the formation of tumors, inherent in the limbus, so that after the 
removal of a tumor at one spot a similar one developed in another. (The same thing 
holds good for a case of epithelioma that I observed, which developed simultaneously 
and quite independently in both eyes, and in both at the inner margin of the cornea.) 
The small tumor was removed, and the place where it had been situated was super- 
ficially cauterized with the galvano-cautery loop. Recurrences, however, followed 
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this extirpation in rapid succession. Four months later, in September, 1886, the woman 
returned with a recurrent growth at the upper corneal margin, and upon the removal 
of this, after another four months, two nodules formed in the conjunctiva to the inner 
and lower side of the corneal margin and at some distance from it. In order the more 
certainly to remove everything that was diseased, I resolved this time to enucleate the 
eye, although it was still serviceable for purposes of vision. In spite of this, a solid 
nodule made its appearance, not more than six months later, on the floor of the orbit. 
‘The woman put off having this removed, and did not come to the clinic until five months 
Jater. Meanwhile the glands in front of the ear, at the lower jaw, and on the anterior 
aspect of the neck had become enlarged and could be readily felt. Although now a 
radical operation, consisting of a complete exenteration of the orbit and the removal of 
all discoverable glands, was performed, nevertheless only a few months afterward 
enlarged glands were again observed. Since then (in February, 1890) the woman has 
ssuccumbed to an extension of the growth to the internal organs. 
Cylindromata also occur, although very rarely, in the conjunctiva. 


The plica semilunaris and the caruncle which is situated upon it participate in the 
inflammations of the conjunctiva, so that it is unnecessary to treat of the disease of 
these parts separately. Sometimes the little hairs which the caruncle always has upon 
it are so long as to irritate the eye; in that case the hairs must be epilated. The new 
formations of the caruncle are designated by the old name encanthis;#! benign new 
formations, such as simple polypoid or papillary outgrowths of the caruncle, are called 
‘encanthis benigna; malignant new formations are called encanthis maligna. 


21 From ev, in, and xav@0s, angle of the eye. 


CHAPTER II 
DISEASES OF THE CORNEA 


ANATOMY 


186. THE cornea, together with the sclera, represents the outer fibrous 
envelope of the eyeball, of which the cornea forms the transparent portion. 
Seen from in front, the cornea has the form of a horizontal ellipse, the hori- 
zontal diameter of its base, which is 12 mm., surpassing the vertical diam- 
eter, which is 11 mm. It is thinner in the center than at the edges, where 
its thickness amounts to about 1mm. Hence it follows that the curvature 
of the posterior surface is somewhat greater than that of the anterior. The 
latter has on the average a radius of curvature of 7.5mm. Since the radius 
of curvature of the whole eye is 
more than this—amounting, in 
fact to 12 mm.—the curvature of 
the cornea is greater than that of 
the rest of the eyeball; the cornea 
therefore rests on the sclera like 
a watch crystal. The same com- 
parison also obtains for the 
ened, ig winch “the ‘cornes * 7 eran or ee fone, (Aster Ee. 
is inserted into the sclera; for, B, Bowman’s membrane; u lowest, m middle, o up- 
sae . permost layer of cells. 
in its posterior layers the cornea 
extends farther toward the periphery than in the anterior, where the sclera, 
as it were, laps over the edge of the cornea. The microscope, however, 
does not show any sharp boundary line between cornea and sclera; on the 
contrary, the fibers of one pass continuously into those uf the other. 

The healthy cornea is transparent. Almost all morbid changes of the 
corneal tissue make themselves known at once by a diminution of this trans- 
parency. In advanced age, however, a cloudiness makes its appearance 
even in the healthy cornea (arcus senilis cornez or gerontoxon!). This con- 
sists of a narrow gray line which runs near the corneal margin, and is con- 
centric with it. It shows itself under the form of a gray are, first at the 
upper, soon after at the lower, margin of the cornea; finally the two ares 
unite at the outer and inner side of the cornea to form a closed ring. The 
outer boundary of the arcus senilis is sharply defined, and is separated from 
the limbus by a strip of perfectly clear cornea; on its inner aspect, or the 
one turned toward the center of the cornea, on the other hand, the cloudi- 
ness gradually shades away until it is lost in the transparent cornea. 


1 From yépwv, au old man, and 7ogov, bow, 
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While the cornea, viewed from in front, appears elliptical, it is circular if looked 
at from behind. Hence the elliptical form of the front surface of the cornea is due to 
the fact that both sclera and conjunctiva overlap it farther above and below than at 
either side. 

The arcus senilis consists of very minute drops of fat which lie in the lamellx of 
the cornea as far back as Descemet’s membrane (Fig. 73). In addition to these there 
are often flakes of hyalin, the size of which varies from that of the finest dust to pretty 
large concretions. Sometimes also there is found a deposit of lime granules. The 
cause of the arcus senilis is supposed to be a senile atrophy of the limbus conjunctive 
with destruction of a part of the vascular loops contained in it. [It occurs not infrequently 
in the middle-aged or even the young, either as the result of premature degenerative 
changes or from the continuous action of irritants (pitch dust, etce.).—D.] 


Fria, 73.—Arcus Srenruis. (After Takayasa.) Magnified 75 x1. 


Bowman's membrane, B, is rendered cloudy by a deposit of extremely fine fat granules. This is 
still more the case with the lamelle of the cornea, C, where the granules are larger and lie inside of the 
lamellw, not in the interspaces between them, which in the drawing are left light. In the most super- 
ficial lamelle the deposit of fat granules stops where Bowman’s membrane ends and the conjunctiva 
of the limbus, L, begins. The deeper we go, the further toward the periphery do the granules extend, 
finally reaching even as far as the sclera, S, 


187. The cornea consists of the following layers: 

1. The anterior epithelium (Fig. 72; Fig. 74, H). This is a pavement 
epithelium consisting of several layers; the lowermost cells (foot cells, Fig. 
72, u) are cylindrical, then follow rounded cells (Fig. 72, m), and finally flat 
cells (Fig. 72, 0). 

2. Bowman’s membrane (lamina elastica anterior, Fig. 74, B) is a thin, 
homogeneous membrane closely connected with the corneal lamellx lying 
beneath it. It may be said to represent the uppermost layer of the stroma 
of the cornea, which has become homogeneous and destitute of cells. From 
the epithelium it is separated by a sharply defined border; and, under path- 
ological conditions as well as after death, the epithelium separates readily 
from Bowman’s membrane. 

3. The stroma (lig. 74, 8). This is composed of a ground substance 
and of cells. The ground substance in its ultimate constitution consists of 
minute fibers of connective tissue, united by a cement substance into flat 
bundles. The bundles are so applied to one another that lamelle (Fig, 
74, l) are produced; by the arrangement of these lamelle in layers one above 
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another the cornea is built up. The latter has, therefore, a laminated struc- 


ture. The individual lamellz are connected together so that it is impossible 


to separate the cornea into its lamelle perfectly and without tearing many 
fibers. Moreover, there are minute elastic fibers in the cornea, which form 
a specially dense network in front of Descemet’s membrane. 

Between the lamellz lie the cells of the stroma of the cornea, the cor- 
neal corpuscles, which are of two kinds—non-motile and motile cells. The 
former are the fixed corpuscles of the cornea. They are cells with a large 
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Fic. 74.—Cross Secrion THROUGH A NORMAL CorNnEA. Magnified 100 X1, 


E, anterior epithelium; B, Bowman’s membrane; S, stroma, composed. of the corneal lamelle,. 
1, and the corneal corpuscles, K; D, Descemet’s membrane; e, posterior epithelium; 7, nerves extending 
through Bowman’s membrane and the epithelium. 


nucleus and a very flat, protoplasmic cell body, the numerous branched 
processes of which are connected with the processes of adjoining cells so 
that in this way there is formed a system of connected protoplasmic bodies 
(cells and their processes, Figs. 75, 76, and 77). 

The second variety of cells belonging to the stroma are the motile cor- 
puscles of the cornea (wandering cells), which were discovered by Reckling- 
hausen. These are nothing but white blood-corpuscles which have made 
their way into the cornea and which move about in its system of lymph 
passages. In the normal cornea they are present in very small amount; but. 
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whenever any irritation acts upon the cornea they at once increase consid- 
erably in number, since they escape from the network of blood-vessels form- 
ing the marginal loops and pass into the cornea. These cells play an impor- 
tant part in inflammation of the cornea. 

4. Descemet’s membrane (D, Fig. 74) is a homogeneous, hyaloid mem- 
brane which forms the posterior boundary of the cornea. Unlike Bowman’s 
membrane, it is quite sharply separated from the stroma of the cornea, from 
which also it is chemically different. It is very resistant to chemical 


Fie. 75.—Fixep Cornmat Corruscies or Ton Froa. (After v. Ebner.) Magnified 325 X 1. 


k, nuclei of the corneal corpuscles; p, processes of the cells, which either cross each other at right 
angles or anastomose with each other; d, pressure-ridges, so called because the way they are produced 
is that the cell protoplasm is squeezed into the gaps adjoining the lamellew, and being compressed there 
are moulded into a rectilinear, ridge-like shape. 


reagents, and likewise to pathological processes going on in the cornea. 
When the entire stroma of the cornea has broken down into pus, we often 
see the thin Descemet’s membrane still for days offering resistance and 
remaining unimpaired (see § 199). 

5. The posterior epithelium (endothelium, e, Fig. 74). This, under the 
form of a single layer of flattened cells, coats the posterior surface of Des- 
cemet’s membrane. 

188. The cornea at its margin abuts against three membranes, the con- 
junctiva, the sclera, and the uvea (iris and ciliary body). Embryology 
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teaches us that the cornea consists of three superimposed layers, each of 
which corresponds to one of the membranes adjacent and may be said to 
represent its continuation over the most anterior portion of the eyeball. 
The cornea hence consists of three divisions—a conjunctival, a scleral, and 
auveal. The conjunctival portion of the cornea (the so-called conjunctiva 
cornez) consists of the anterior epithelium and of Bowman’s membrane, 
and also in the marginal portions of the cornea of the most anterior lamellee 


Fic. 76.—CorRNEAL CorpuscLes oF Man. Magnified 145 X 1. 


The description of corneal corpuscles ordinarily given is taken from the cornee of animals, and it 
corresponds to the picture given in Fig. 75 of the frog’s cornea. The figure here given is drawn from 
a section which was made through the cornea of an adult manparallel toits surface, and which was stained 
while still quite fresh with gold chloride. The section comprises several successive lamella and hence 
shows corneal corpuscles which lie in different planes, those which are drawn of lighter shade being 
the deeper. The processes of the cells are few and thick; the nuclei of the cells in this preparation are 
not stained enough to be visible. [Cf. Fig. 77.] 


Fic. 77.—Corneat CorpuscLes oF Man. Magnified 250 X 1. 

From another cornea, also stained while still fresh with gold chloride. The corpuscles represented 
all lie between the same two lamelle2 and consequently in the same plane. They are connected by 
thick processes with each other and appear to form a single protoplasmic network, since the boundaries 
between the separate cell territories are not visible. The nuclei lie grouped together. 
of the corneal stroma, which at the limbus merge into the tissue of the con- 
junctiva (Fig’ 73, L). The most posterior lamelle of the corneal stroma 
and Descemet’s membrane, together with the posterior epithelium lining 
it, belong to the uvea, while the middle lamell of the cornea represent the 
continuation of the sclera (Waldeyer). . 

In the fully developed eye these three divisions are fused into a 


common whole, although their community of origin with the adjacent 
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membranes still finds expression under pathological conditions; the con- 
junctival division suffering most of all in diseases of the conjunctiva, the 
uveal division in diseases of the uvea. 

189. The cornea contains no vessels. These cease at the margin of the 
cornea, forming there at the limbus the network of marginal loops which 
is supplied by the anterior ciliary vessels (see page 137, and Figs. 43 and 44). 
From the marginal loops the blood-plasma passes over into the stroma of 
the cornea. 

The nerves of the cornea arise partly from the ciliary nerves, partly 
from the nerves of the bulbar conjunctiva. They are very numerous, par- 
ticularly in the uppermost layers of the stroma, from which the nerve fibers 
pass forward through Bowman’s membrane into the epithelium as far as 
the most anterior layers of the latter (Fig. 74, n). The cornea is therefore 
extremely sensitivetothetouch. In theinductionofnarcosisthereflexsqueez- 
ing together of the lids that follows from touching the cornea is employed 
to test the depth of the narcosis, since this reflex act is among those that are 
the last to disappear. Lesions of the cornea are particularly painful when- 
ever they affect the uppermost layers, which are so rich in nerves, as, for 
instance, in the case of exfoliation of the epithelium, by which the numerous 
fibers of the epithelial plexus of nerves are laid bare. 


CLINICAL EXAMINATION OF THE CORNEA 


190. An examination of the cornea must have regard to the following 
points: 

1. The size and form of the cornea. Both may be altered either in con- 
sequence of congenital defects or because of morbid processes. Overlapping 
of the cornea by the limbus to an unusual extent, or the presence of mar- 
ginal opacities in the cornea, not infrequently simulates a diminution in size 
or an irregularity of form. 

2. The surface of the cornea must be examined with regard to its curva- 
ture, its evenness, and its polish. In respect to (a) the curvature of the cor- 
nea as a whole, marked anomalies are recognizable at the first glance; 
slighter changes, however, require more precise examination by means of 
the reflex images (see pages 77 and 79). The cornea acts as a convex mir- 
ror, the greater the curvature of which the smaller is the reflected image. 
In order to be able to judge whether the reflex image given by a particular 
cornea is of abnormal dimensions, we must compare it with the image 
reflected from another cornea which is healthy, and most conveniently with 
that from the cornea of the other eye in case it isnormal. The diagnosis 
is easy when the curvature varies at different portions of the same cornea 
(as, for instance, in keratoconus, in which the central portions have a 
greater curvature than those at the periphery). In this case we cause the 
eye to move about in such a way that the reflection of a window opposite 
falls successively upon different portions of the cornea, and then we'see the 
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reflex image becoming larger or smaller according to the varying curvature 
of the cornea. The evenness (b) of the corneal surface, together with the 
perfection of its polish, gives to the normal cornea its brilliant luster. Here, 

again, the reflex images afford the best means of testing both of these prop- 
erties. These images in the normal cornea are regular and clear-cut. If 
there is unevenness of the surface, the image at the spot where the cornea 
is uneven is clear-cut but irregular; it looks distorted because its outlines 
are irregularly bowed in or out (Fig. 78, II). The form and extent of the 
inequality may be deduced from the kind of distortion of the reflex image. 
The inequality of the corneal surface becomes partivularly evident when we 
use Placido’s keratoscope (see § 788 [and Figs.398 and 399]). By the oph- 
thalmoscope, too, we can recognize inequalities of the corneal surface, on 
account of the irregular astigmatism which they produce (page 110). The 
uneven spots upon the corneal surface are either depressions (losses of sub- 
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Fic. 78.—BEHAVIOR OF REFLEX IMAGES ON THE CORNEA. 


I. On the normal cornea. Reflex image brilliant, sharp and regular. 
II. In unevenness of the surface. Reflex image sharp and brilliant, but irregular. Over the old 
opacity of the cornea which is associated with flattening, the image of the window is broader because 


the surface is less convex. 
III. In dulness of the surface. Reflex regular, but ill-defined and not brilliant. The cornea is 


stippled and hence the outlines of the reflex image show a very fine zigzag indentation. 
V. Incombined unevenness and dulness of the surface. Reflex image irregular, ill-defined, and not 
brilliant. IV represents II after the cornea has become dull by the development of increase of tension. 


stance) or elevations. Furthermore, the cornea may be uneven from being 
wrinkled (rhytidosis? cornee) or from being entirely collapsed (collapsus 
cornee). Both of these conditions occur in cases of great diminution in the 
tension of the eyeball, hence particularly after the escape of the aqueous or 
vitreous humors. If (c) the polish of the cornea is entirely lost, the latter 
becomes lusterless (dull); it looks like glass that has been breathed upon, 
or looks as if it had been smeared with grease. The reflex images show their 
normal size and form, but have lost their sharp outline. The cornea, there- 
fore, may be smooth as a whole but at the same time may be dull, just as 
the surface of a ball of ground glass is. Lack of luster of the cornea is also 
caused by the presence of inequalities so minute as to be nearly or quite 
imperceptible to the naked eye. Such inequalities—in contrast with those 
of larger size—are situated only in the epithelium and may consist either of 
elevations or depressions (Fig. 79). The latter are produced by the detach- 
ment of isolated epithelial cells in a number of places, thus leaving minute 
excavations; the surface of the cornea looks as if stippled by needle pricks. 
In other cases we see the roughness of the cornea produced in the opposite 
way—that is, by its surface being covered with many small elevations, in 


2 From puris, a wrinkle. 
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which case the cornea looks as if it were made of shagreen. Here we have 
to do with multiple elevations, produced by a lifting of the epithelium, and 
occurring under the form of minute vesicles. 

3. The transparency of the cornea is a property which belongs to its 
parenchyma, not its surface; which latter, in fact, is only a mathematical 
concept, an expression for the superficies that forms the boundary between 
the cornea and the air. 

Dense opacities of the cornea are visible from a distance; but for the 
recognition of slight opacities lateral illumination and often also the use of 
the magnifying glass are indispensable. By means of these aids to diag- 
nosis we determine the form, extent, and denseness of the opacity. We 
make out whether it is found in the superficial or in the deep layers of the 
cornea, and further whether it is diffuse or is composed of separate small 
dots, spots, or strie. Many an opacity which appears diffuse when seen 
with the naked eye proves, when viewed with a magnifying glass, to be com- 
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x Fig. 79.—Dutuituit Cornea. Magnified 103 X1. 


The deeper layers of the epithelium are normal. In the superficial layers many of the cells are 
swollen, and others have ruptured i in consequence of being ah pag The former cause small elevations, 
the latter small depressions in the corneal surface. Cf. also Fig. 2 
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pounded of smaller opacities. Such an opacity may subsequently become 
really homogeneous by enlargement and confluence of its components. 
[Changes in the transparency and evenness of the cornea, and particu- 
larly distortions of the corneal reflex and the presence of minute elevations 
and depressions, are often best recognized if the observer places the patient 
in a semi-reclining position with his face to a window, and, standing behind 
him, examines the cornea from above with a strong magnifying glass, 
while the patient is told to move his eye slowly in different directions and 
the image of the window is focused sharply on the cornea by another lens. 

To demonstrate defects in the corneal epithelium we use fluorescein 
(see page 243).—D.] 

4. The sensitiveness of the cornea is tested by touching it with the end 
of a thread or a shred of paper. In many diseases the sensitiveness of the 
cornea is diminished, or is abolished altogether. 


I. INFLAMMATION OF THE CORNEA 
General Statement 
191. In the course of an inflammation of the cornea (keratitis*) we 
observe the following stages: The inflammation begins with an infiltrate 
(Fig. 80). Cells in increased number make their appearance within the 
parenchyma of the cornea, and these constitute the exudate. As a conse- 
quence of this the diseased part loses its _transparency. The level of the 


3 From xépas, horn: 
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cornea over it is either normal or is elevated; in no case, is it depressed. The 
epithelium suffers to the extent of losing its polish, so that this portion of 
the cornea appears dull upon the surface. The clinical signs of the exist- 
ence of an infiltrate hence are cloudiness of the cornea, and loss of luster 
over the clouded portions, but no depression of the surface. The subsequent 
fate of the infiltrate varies. It may go on to resorption or to suppuration. 

(a) Resorption occurs in those cases in which the inflammatory process 
does not proceed to the point of producing actual destruction of the corneal 
lamellz with their exfoliation. In that case no loss of substance is produced 
in the cornea, but when the height of the inflammation is past, the exudate 
gradually disappears from the cornea—second or regressive stage of the 
inflammation. In favorable cases, when the exudate has disappeared by 
resorption, the diseased spots may become perfectly normal once more and 


Fic. 80.—INFILTRATE IN THE CornnmaA. (After Saemisch.) 

The epithelium, e, and Bowman’s membrane, b, over the infiltrate are preserved. 
regain their transparency (healing without permanent sequele—.e., with- 
out opacities). But it may also happen that the stroma of the cornea may 
not be absolutely destroyed by the deposition of the exudate, and may yet 
have experienced such an alteration of its structure that, even after the dis- 
appearance of the exudate, it never again becomes perfectly transparent. 
Or it may be that the exudate deposited between the lamella of the cornea 
does not disappear completely by resorption, but in part becomes organized 
and is left permanently fixed in the cornea. In both of these cases the infil- 
trate disappears by a process of healing, but leaves a permanent opacity 
behind. AIl those cases in which resorption of the exudate occurs without 
breaking down of the corneal stroma are grouped together under the com- 
mon name of non-suppurative keratites. 

(b) The infiltration goes on to swppuration, when the exudation is such 
as tobe no longer compatible with the maintenance of life by the corneal 
stroma, so that the latter breaks down. The inflammation then enters upon 
its second stage, that of suppuration, which is associated with a localized 
destruction of the cornea. These cases of keratitis are known as suppurative 


keratitis. 
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The histological processes occurring in inflammation of the cornea have been the 
subject of the most zealous investigations, and especially of investigations experimentally 
conducted, because the attempt was made to study in this field the problem of inflam- 
mation in general. For such studies the cornea is particularly adapted on account of its 
transparency, and also on account of the characteristic form of the fixed elements of 
its tissue. There is no doubt that in every keratitis there occurs an increase in the 
number of the cellular elements, whose accumulation causes the cloudiness of the cornea, 
visible to the naked eye, and finally, if very considerable, terminates in the formation 
of pus. Nevertheless, observers could not agree as to the source of the new cells which 
made their appearance in the cornea. Some, the leader of whom was Cohnheim, looked 
upon them as white blood corpuscles which had migrated into the cornea from the 
vessels of the corneal margin. Others, especially Stricker, believed them to be derived 
from an increase in number of the normal fixed cells of the cornea. It is now certain 
that both processes occur, although a different significance attaches to the two. When- 
ever an irritant productive of inflammation affects the cornea numerous white blood 
corpuscles wander into the latter, entering it by two ways. The great bulk of the cells is 
derived from the vessels of the corneal margin, from which they make their way between 
the lamellz of the cornea until they reach the inflammatory focus. In certain cases 
these cells form a ring-shaped infiltration (invasion-ring, Fig. 99) about the diseased 
area. A few cells wander into the diseased area of the cornea from the conjunctival sac. 
This occurs when an epithelial defect present in the affected part gives the cells 
access to the parenchyma of the cornea. The proliferation of fixed corneal corpuscles 
takes but an insignificant part in the formation of the exudate, but, on the other hand, 
produces most of the material for the reparative process, which follows the inflamma- 
tion, and which results in the development of new tissue, (For vascularization see 
page 244.) 

192. The most frequent form of suppurative keratitis is the corneal 
ulcer in which the process of purulent disintegration begins in the most 
anterior layers of the cornea (Fig. 81). In this way a superficial loss of sub- 
stance is produced which is recognizable as a depression in the corneal sur- 
face. In the beginning, the loss of substance represents only those parts 
which are most markedly infiltrated, and hence are the first to break down. 
Surrounding these are layers, which likewise are infiltrated with the exudate, 
although not to as high a degree. Hence both the floor and the walls of the 
ulcer are still infiltrated, for which reason we call it a foul (coated, infiltrated, 
or progressive) ulcer. Later on the infiltrated portions forming the floor and 
the wall of the ulcer, so far as they are incapable of living, are also cast off; 
but those parts of the cornal tissue which have retained their ability to live 
remain, are freed by a process of resorption from the exudate which infil- 
trates them, and become once more transparent. Thus, the ulcer has, it is 
true, become somewhat larger than before, but the cloudiness surrounding 
it has disappeared; the ulcer has acquired a smooth, transparent base and 
edges; it is a cleansed (regressive) ulcer (Fig. 82). 

Among the clinical signs by which we diagnosticate an ulcer, the most 
important is the unevenness of the corneal surface, the latter presenting a 
depression or loss of substance. In foul ulcers this depression is surrounded 
by clouded corneal tissue, which, moreover, is dull upon its surface; the 
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Fie. 81.—Cornrat Utcer In THE Procressive Stacr. (After Saemisch.) 


f The floor of the ulcer is formed by an accumulation of pus cells, which also push their Way some 
distance in between the lamelle of the cornea that adjoin the ulcer. At the edges of the ulcer, which 
are somewhat raised, the epithelium, e, and Bowman’s membrane, b, end as if cut short off, 
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Fie. 82.—Corneat Utcer IN THE RecressivE Stace. (After Saemisch.) 


The floor of the ulcer is formed by the denuded lamelle of the cornea; a slight increase in the 
number of cells between them can still be made out. At the edges (b) of the ulcer the epithelium, e, 
is beginning to grow out over the base. Newly formed blood-vessels (g), lying in the upper layers of 
the cornea, run to the ulcer. 


Fic. 83.—Cicatrix or THE Cornns. (After Saemisch.) 
ithelium, e, is everywhere present, but over the cicatrix it is irregular, and in places (at a) 
is et ee ts aang ie wanting at the site of the cicatrix. The latter itself is dis- 
tinguished from the tissue of the normal cornea by its denser and less regular texture. 
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floor of the ulcer also is gray and uneven. In clean ulcers the cloudiness 
surrounding them is very slight, or is wanting altogether, and the floor and 
the edge of the loss of substance are smooth and shining; the ulcer gives a 


mirror-like reflex. 

Every keratitis suppurativa entails a loss of substance in the cornea. 
This must be filled up again by newly formed tissue, in doing which the proc- 
ess enters upon its third stage—that of cicatrization. The newly formed 
tissue is not corneal tissue, but connective tissue, and is accordingly opaque 
(Fig. 83). Hence suppurative keratitis always leaves a permanent opacity 
after it. The opacity, indeed, is the principal clinical sign of a cicatrix, for 
the corneal surface has completely reacquired its luster, because its epithel- 
ium is restored to the normal state, and the excavation or loss of substance 
has disappeared, at most a slight flattening of the surface being present. 


In the healing of the losses of substance produced by inflammation, the regeneration 
of the epithelium and the regeneration of the stroma require separate consideration. 
The epithelium is replaced by the growth of the epithelium from the edge of the ulcer. 
Losses of substances which affect the epithelium only, heal with a perfect restoration 
to the normal state and without leaving a permanent opacity. On the other hand, 
every loss of substance of the corneal stroma is filled up by cicatrical tissue which 
forms from the bottom and sides of the ulcer. The chief part in this is taken by the 
fixed cells of the cornea in the immediate neighborhood of the ulcer, as these increase 
by division, and the cells which thus arise grow into connective-tissue fibers. The 
tissue thus formed is, however, essentially different from the normal tissue of the cor- 
nea (Fig. 83). The regular arrangement of the normal fibers of the cornea is wanting, 
and so, too, are the stellately branched fixed corneal corpuscles, which are replaced 
by ordinary connective-tissue cells. Bowman’s membrane is never regenerated (Figs. 83, 
87, 88, 89). The epithelium (Fig. 83, e) hence lies directly upon the cicatricial tissue, 
from which, being thinner in some places and thicker in others, it is separated by an 
irregular line. 

As a consequence of these peculiarities, the cicatricial tissue never possesses the 
perfect transparency of the normal cornea, and is hence recognizable even with the 
naked eye as an opacity. In time, the texture of the cicatricial tissue approximates 
somewhat more closely to the regular structure of the corneal tissue. It accordingly 
gains in transparency, and a “clearing” of the opacity is observed to take place—a 
process, however, which never gets to the point of producing a complete disappearance 
of the opacity except in the case of quite small and superficial cicatrices. 

In deep losses of substance the restoration of the normal epithelial coating does 
not wait to make its appearance until the ulcer itself has been completely filled up by 
cicatricial tissue. On the contrary, from the moment when the uleer has become clean 
the epithelium begins to grow over the latter, and hence begins to cover it at a time 
when there is no cicatricial tissue present, or only a very thin layer of it (Figs. 87 and 
88). At this time the ulcer (on account of the absence of opaque cicatricial tissue) is 
still almost completely transparent, and, as a consequence of the restoration of the 
epithelial covering, is smooth and shining. The formation of cicatricial tissue now goes 
on beneath the epithelium, and by this process the latter is gradually lifted up to its 
normal level. In proportion as the layer of cicatricial tissue becomes thicker, the degree 
of opacity naturally increases; but it would be a very great mistake for the physician to 
conclude from this fact that the disease was advancing. 
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193. Recapitulation.—As has been stated above, non-suppurative: 
keratitis has two stages, the stage of infiltration and that of resorption. In: 
suppurative keratitis, on the other hand, we distinguish three stages: the 
stage of infiltration, the stage of suppuration, and the stage of cicatrization 
(repair). The stage of suppuration is composed of two periods, the 
progressive (foul ulcer) and the regressive (clean ulcer). 

In making the clinical diagnosis of the form and the stage of an inflam- 
mation of the cornea we proceed in the following manner: We first exam- 
ine the corneal reflex. If the swrface over the clouded area is dull, we are deal- 
ing with a recent affection, and in that case, if there is no loss of substance, with 
an infiltrate; but if alossof substanceis present, witha foululcer. If the surface 
is lustrous, the affection is an old one, and, if a loss of substance is present, is a 
clean ulcer; but af no loss of substance is visible, we are dealing with a cicatrix. 


The signs before given, having regard to changes in the luster, evenness of surface 
and transparency of the cornea, serve for the diagnosis of the variety of corneal disease 
that is present. The recognition of these changes requires a certain amount of practice 
and experience. Particularly often is it the case that the alteration in luster of the 
cornea escapes the beginner, and, especially so when the cornea has tears running over 
it. These fill up the small inequalities in the corneal surface and cause a dull cornea or 
actually one which is a little uneven, to appear smooth and even and therefore of normal 
luster. Moreover, the changes that are characteristic of the different stages of corneal! 
inflammation are not always found combined in a manner as schematic as has been: 
represented. Some examples may show in what way exceptions to them occur. The 
opacities that are present upon the cornea may be old, and yet the cornea, because of 
a coincident increase of tension, may look duil and stippled. The surface of the cornea 
is not always smooth when there are infiltrates, nor yet when there are cicatrices. In 
the case of infiltrates, a bulging forward of the surface of the cornea often takes place 
on account of the deposition of an excessive quantity of exudation; in the cases of 
cicatrices, on the other hand, a flattening may take place in consequence of an insufficient 
filling in of the loss of substance. In doubtful cases, we must take still other factors 
into consideration, which may furnish points that will establish our diagnosis. Thus, 
in the case of a cicatrix, the outline of the opacity is commonly better defined than in 
the case of a recent opacity due to inflammation. The color of the latter form of opacity 
varies from gray to yellowish white and to yellow; cicatrices, on the contrary, present 
rather a pure white, or, if thin, a bluish-white hue. Recent inflammatory processes are 
associated with attendant inflammatory symptoms (ciliary injection, etc.), which are 
wanting in the case of cicatrices. By putting all these facts together the right diagnosis 
can almost always be made. 

Fluorescein is used to make more apparent those spots upon the cornea that are 
destitute of epithelial covering (erosions and ulcers). If a one-per-cent aqueous solution 
of potassium fluorescein is instilled into the conjunctival sac, the highly fluorescent liquid 
penetrates solely into those portions of the cornea that are unprotected by epithelium, 
and such portions consequently are stained a vivid green and, when the excess of potas- 
sium fluorescein is removed by washing the eyeball off with water, contrast very dis- 
tinctly with the uncolored surrounding parts. [Fluorescein is of especial value 
in demonstrating the very slight defects present in recurring erosions. See § 247. 
In very slight defects, the staining also may be very slight, simply a punctate 
stippling of green showing. In deep ulcers going down to Descemet’s membrane only 
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the sides of the ulcer stain with fluorescein, since Descemet’s membrane itself does not 
stain (Butler).—D.| 

194. Vascularization of the Cornea.—In inflammation of the cornea 
we very frequently observe the development of vessels which grow in upon 
the cornea from its margin. This occurs more frequently during the process 
of healing of corneal ulcers. At the time when the ulcer begins to become 
clean, we see vessels starting out from that part of the limbus lying next to 
the ulcer. These vessels lie in the most superficial layers of the cornea and 
extend toward the ulcer, whose edges they soon reach (Fig. 82, g). Their 
chief office seems to consist in supplying the necessary material for filling 
in the loss of substance. Their advent therefore is to be regarded as favor- 
able; we know that at the spot where the vessels have reached the ulcer the 
further progress of the latter isno longer to be apprehended—that, on the 
contrary, it will there enter upon the process of healing. After the loss of 
substance has been filled in, the vessels gradually disappear, so that a cor- 
neal cicatrix contains fewer of them as it grows older. Nevertheless, the 
blood-vessels never entirely disappear from the large cicatrices. 

In other cases the formation of new vessels accompanies the progress 
of the inflammatory process, and hence belongs, like the exudation itself, to 
the clinical picture of the inflammation. The best example of this is 
afforded by the vascular form of parenchymatous keratitis (§ 234). 

A kind of vascularization differing from both of these varieties is that 
which forms one of the symptoms of pannus. Here the vessels do not lie in 
the cornea itself, but in a newly formed tissue deposited upon it, of which 
tissue they form an essential constituent (Fig. 53). 

It is very important to determine the situation of the vessels in the 
cornea, that is, whether superficial or deeo—since by this fact alone we can 


Fia@. 84. Fra.: 85. Fre. 86. 
Fia. 84.—Superricra, BLoop-vesseis IN PANNus. Magnified 2X1. 
Fie. 85.—Dererpr-Lyina BLoop-vesseELs IN PARENCHYMATOUS KERATITIS. Magnified 2x1.— 
Recent case with brush-like branching. 
Fre. 86.—Derp-Lyinc BLoop-vessets IN PARENCHYMATOUS KERATITIS. Magnified 2x1.— 
Old case with broom-like branching of vessels. 


often diagnosticate what sort of keratitis we are confronted with. The type 
of superficial vascularization is afforded by pannus, that of deep vascu- 
larization by keratitis parenchymatosa. 

The signs which enable us to distinguish the two kinds of vascular- 
ization from each other may be contrasted as follows: 
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SUPERFICIAL VESSELS 
(Fig. 84) 
spring from the net-work of mar- 
ginal loops of the limbus, and can 
therefore be followed from the cor- 
nea into the limbus, and thence on 
to the vessels of the conjunctiva. 


On account of their superficial 
position are clearly visible and well- 
defined, and have a vivid-red color. 


The vessels branch in an ar- 
borescent fashion. 


The corneal surface is uneven, 
because the vessels raise up the epi- 
thelium lying directly over them. 
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DEEPLY SITUATED VESSELS 
(Figs. 85, 86) 


spring from the vessels of the sclera 
close to the margin of the cornea, 
and hence appear to come to an end 
suddenly at the limbus, as they dis- 
appear behind the latter to enter 
the sclera. 

Are not distinctly recognizable, 
or are even unrecognizable, except 
as a diffuse red coloration, and have 
a dirty red (grayish-red) hue; the 
reason for these appearances being 
that the vessels are veiled by the 
clouded layers of cornea lying in 
front of them. 

The vessels either form fine 
twigs running “broomstraw-fash- 
ion’’—1.e., parallel to each other— 
or else diverge like the hairs of a 
paint-brush. 

The surface of the cornea is lus- 
terless, it is true, but not uneven. 


195. Participation of Neighboring Organs in the Process.—Every 
keratitis is accompanied by inflammatory symptoms, the most important 


of which are— 


(a) The injection of the blood-vessels. The characteristic mark of cor- 


neal inflammation is ciliary injection. 


When the inflammation is great 


conjunctival injection also makes its appearance, and may conceal the cil- 
iary injection to a greater or less extent. Very violent suppurative inflam- 
mations of the cornea are accompanied by cedematous swelling of the con- 
junctiva and even of the lids. 

(b) The iris and even the ciliary body become inflamed in cases of 
marked keratitis, so that we see the symptoms of iritis and trido-cyclitis set 
in (see §§ 336 and 342). These accompanying inflammations may be intense 
enough to bring about the destruction of the eye. The exudate poured out 
by the uvea very often, especially in suppurative keratitis, appears under 
the form of— : 

(c) Hypopyon. This is the accumulation of a purulent exudate at the 
bottom of the anterior chamber. It forms a frequent symptom in keratitis 


4 From imo, beneath, and mvov, pus, 
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suppurativa. We then find collected in the lowest portion of the chamber 
a yellow mass which, because it is fluid, is limited above by a horizontal 
line, and for the same reason is seen to change its place and seek the deeper 
portions of the chamber when the head is moved. In other cases the mass 
is gelatinous, and then when seen from in front often has a border that is 
convex upward, or it lies quite like a solid ball at the bottom of the chamber 
and does not change its position with the movements of the head. The 
amount of the pus varies greatly, ranging from a scarcely perceptible cres- 
cent lodged in the lowest sinus of the chamber up to masses of such size 
that the entire chamber is filled by the hypopyon. Hypopyon may disap- 
pear by resorption, this process taking place the more rapidly the more 
fluid the hypopyon is. Pretty thick masses of exudation may become organ- 
ized and lead to occlusion of the pupil, or in rare cases, to adhesion of the 
iris to the posterior surface of the cornea. 

(d) The subjective phenomena associated with keratitis are pain and 
photophobia, together with the lachrymation and blepharospasm which 
these conditions cause, and also disturbance of vision—symptoms which 
are met with in very varying degree. 


The exudation into the anterior chamber, which accompanies every well-marked 
keratitis, depends upon the fact that irritant substances from the inflamed cornea dif- 
fuse into the aqueous and then act upon the vessels of the uvea (i. e., the iris and ciliary 
body). From the latter both fibrin and white blood corpuscles pass into the aqueous. 
Owing to the increased amount of fibrin in the aqueous, coagula are formed on the 
walls of the anterior chamber; a layer of fibrin is precipitated upon the posterior surface 
of the cornea (Fig. 170), and often also upon the anterior surface of the iris (Fig. 168). 
In such cases the cornea, in addition to the circumscribed opacity that corresponds 
to the area diseased, presents a faint diffused cloudiness produced by the layer of exu- 
date upon its posterior surface. The margin of a fibrinous clot of this sort (which is 
usually much larger than the inflammatory mass in the cornea) can sometimes be rec- 
ognized as a faint, gray, circular line which surrounds the corneal mass at some distance 
from it. If the coating of fibrin lines the cornea throughout, a diffuse cloudiness is pro- 
duced, which is clinically indistinguishable from a cloudiness of the aqueous. This 
latter cloudiness is caused by leucocytes, which emigrate from the vessels of the iris 
and ciliary body and become suspended in the aqueous. Later, by sinking to the 
bottom of the anterior chamber, these cells form the hypopyon. The latter, therefore, 
originates not from the cornea, but from the vessels of the uvea, as, indeed, is also appar- 
ent from the fact that many of the pus corpuscles contain pigment granules, which they 
have transported with them from the inflamed uvea. For this reason, too, we under- 
stand why a hypopyon is found to be free from pus cocci. It is owing to this freedom 
from germs that the hypopyon is tolerated by the tissues bordering the anterior chamber 
and produces no special reaction in them. If ordinary pus containing cocci is injected 
into the anterior chamber of a rabbit, the eye is rapidly destroyed by panophthalmitis. 
But the pus that constitutes a hypopyon is not only tolerated by the eye with impunity, 
but can even undergo absorption without leaving any injurious effects behind. : 

The resorption of the hypopyon takes place chiefly through the meshwork of the 
ligamentum pectinatum. The rapidity with which absorption proceeds varies exceed- 
ingly. In many cases a hypopyon of considerable size disappears so completely that 
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after twenty-four hours scarcely a trace of it is to be found; in other cases the hypopyon 
remains lying at the bottom of the chamber so long that it becomes organized. Some- 
times we observe a rapid alternation in the height of the hypopyon which at times 
decreases, and again increases once more. 


Subdivisions of Keratitis 


196. The subdivision of keratitis into keratitis suppurativa and kera- 
titis non-suppurativa corresponds most fully to practical requirements. 
Every suppurative keratitis, since it is associated with destruction of 
corneal tissue, leaves behind it a permanent opacity, which in many cases 
injuriously affects the visual power. On the contrary,solongaspurulentdis- 
solution of the cornea has not taken place—that is, in non-suppurative kera- 
titis—a complete restoration of its transparency, and with it of the normal 
power of vision, is possible, and, in fact, often does take place. Moreover, 
the above subdivision also corresponds to the essential characters of the cor- 
nealinflammations. For it isnot merely a matter of accident, norsomething 
that depends altogether on the degree of inflammation, that determines 
whether an infiltrate in the cornea goes on to suppuration or to resorption. 
On the contrary, the forms which tend to the production of suppuration 
ordinarily present from the very beginning characters differing from those 
borne by forms in which there is no progress toward suppuration, so that 
these two categories are distinct not only in their consequences but also in 
their clinical aspect. The suppurative keratitides develop as a rule from the 
entrance of pyogenic bacteria into the cornea from its surface (ectogenous 
infection). They have their origin, therefore, generally in external morbific 
agents; and in the majority of cases, only one focus of disease is present, 
which starts at some point on the surface and from this spreads continuously 
either along the surface or into the depth of the cornea. The deep forms of 
non-suppurative keratitis, on the contrary, are caused as a rule by constitu- 
tional disease. The morbific agent is carried to the cornea by the circula- 
tion of blood or lymph, and, since it exerts its action on many points of the 
corneal parenchyma at once, many distinct foci of disease are produced. 
Hence the cloudiness in the cornea can be resolved by the loupe into num- 
erous small spots which are the separate infiltrates. These lie in the middle 
and deep layers of the cornea. 

To each of the two categories of keratitis a number of different forms 
belong, the most important of which are set forth in the following list: 


A. Keratitis Suppurativa. 

1. Ulcer of the cornea. 
Ulcus serpens cornez. 
Keratitis e lagophthalmo. 
Keratomalacia. 
Keratitis neuroparalytica. 


Seb esate at 
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B. Keratitis Non-Suppurativa. 
(a) Superficial forms. 
1. Pannus. 
2. Keratitis with the formation of vesicles. 
(b) Deep forms. 
3. Parenchymatous keratitis. 
4. Keratitis profunda. 
5. Sclerosing keratitis. 
6. Keratitis starting from the posterior surface of the cornea. 


A. SUPPURATIVE KERATITIS 


1. Ulcer of the Cornea 


197. Symptoms and Course.—Every ulcer of the cornea develops from 
an infiltrate. In the beginning we find one spot upon the cornea cloudy and 
the surface over it dull (infiltrate). Then the epithelium exfoliates upon 
the surface of the affected spot, and soon, by the breaking down of the most 
strongly infiltrated portions of the cornea, a loss of substance forms in the 
parenchyma of the cornea, so that an ulcer is produced. This is at first 
surrounded by infiltrated portions of the cornea—a fact which we recognize 
by the base of the ulcer being gray and uneven, and its walls likewise gray 
and clouded. The walls of the ulcer are often surrounded for quite a distance 
by a gray area, or slender gray strizw, extending from the ulcer in different 
directions into the transparent cornea. This is an unclean or progressive 
ulcer (Fig. 81). In a favorable case, only so much of the corneal tissue 
breaks down during the further progress of the disease as was from the very 
beginning too strongly infiltrated to live. In this case the ulcer rapidly 
becomes clean without attaining great dimensions. But it very often hap- 
pens that, simultaneously with the breaking down of the parts that are most 
strongly infiltrated, the inflammatory cloudiness keeps spreading, new por- 
tions of the cornea being constantly attacked by the infiltration. And if 
these, too, break down into pus, the ulcer grows constantly larger. This 
progressive growth of the ulcer takes place sometimes more in the direction 
of its depth, sometimes more along the surface. In the former case, perfora- 
tion of the cornea is to be apprehended; in the second ease, larger and larger 
areas of the cornea may be destroyed, and thus extensive opacities be pro- 
duced. Progressive growth along the surface often takes place chiefly in one 
direction—a fact which can be easily recognized by a particularly marked 
gray, or even yellow, cloudiness of the ulcer wall on the corresponding side. 
It may even happen that the ulcer keeps constantly advancing in one direc- 
tion, while on the opposite side it heals just as fast, so that apparently it 
goes creeping over the cornea (serpiginous® ulcer). 

The progressive stage of the ulcer is accompanied by symptoms of irri- 


5 From serpere, to creep. 
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tation, like ciliary injection, lachrymation, photophobia, and pain, which 
not infrequently reach a considerable height; moreover, in this stage hyper- 
emia and even inflammation of the iris make their appearance (evidenced 
by turbidity of the aqueous humor, hypopyon, discoloration of the iris, con- 
traction of the pupil, posterior synechix). There are, however, cases of 
ulceration in which the irritative symptoms are very slight, or are wanting 
altogether—cases constituting what are called torpid or asthenic uleers— 
which, nevertheless, may be very dangerous. 


Serene 


ec iles 


Fic. 87.—Heatep Utcrer or THE Cornna. Magnified 345 x1. 


The loss of substance developing as a result of conjunctivitis eezematosa affects Bowman’s mem- 
brane, B, and the most superficial lamell# of the cornea, C. The loss of substance is filled up with epi- 
thelium, £; right beneath the epithelium, however, the nuclei in the cornea are aggregated somewhat 
more closely than normal, so that perhaps we are to assume that there is here a very thin layer of, 
connective-tissue fibers. In the eye during life, there was no opacity of the cornea visible; nor was there 
any facet either, since the surface of the epithelium lies everywhere at the same level. 


Fic. 88.—Facer or THE Cornea. Magnified 90 X 1. 


In the area of the facet the epithelium E shows a shallow depression; Bowman’s membrane, B, 
is wanting here, and so are the superficial layers of the cornea, C. The larger portion of the loss of sub- 
stance is filled with epithelium only; only at n is there a layer of connective tissue between epithelium 
and corneal parenchyma. Corresponding to this connective tissue there was a delicate semi-circular 
opacity which marked one edge of the scar. In its other parts the scar was almost entirely transparent 
and could be recognized only by the flattening of the surface of the cornea. D, Descemet’s membrane, 
with its endothelium. 


198. When the infiltration has finally come to a standstill, the ulcer 
enters upon its regressive stage. The tissue that has been destroyed is cast 
off, that which has not been destroyed becomes transparent once more from 
resorption of the exudate. The ulcer “cleanses” itself (ig. 82). A clean 
ulcer presents a smooth base and edges with little or no opacity, and is to 
be diagnosticated chiefly by the excavation of the surface of the cornea, 
which we recognize when examining the corneal reflex. In proportion as the 
ulcer becomes clean, the associated symptoms of irritation disappear. 

After the ulcer has become entirely clean, cicatrization begins. Vessels 
extend from the nearest portions of the limbus to the ulcer, which latter, in 
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consequence of becoming filled with the opaque mass of the cicatrix, 
becomes again more clouded, but at the same time constantly shallower, 
until finally it reaches the level of the adjacent normal cornea. Not infre- 
quently, however, the new formation of the cicatricial mass comes to a 
standstill before the loss of substance has been quite filled up, so that the 
surface of the cicatrix remains permanently a little sunken. When such 
cicatrices are small they are, on account of the thinness of the cicatricial 
tissue, almost or quite transparent, and disclose their presence by a flatten- 
ing of the cornea (corneal facet), only discernible upon examination of the 
corneal reflex (Figs. 87 and 88). On the other hand, cicatrices not infre- 
quently occur which project above the level of the surrounding cornea. 
Such are the cases in which the cornea on the floor of the ulcer, having 
become thinned, does not offer resistance to the intra-ocular pressure, and 


Fig. 89.—KERATECTASIA PRODUCED BY AN Utcrer. Magnified 25 X 1. 


The thinned and protruding cicatrix is distinguished by its denser texture from the adjacent 
normal cornea. The epithelium, e, over it is thickened, while Bowman’s membrane, }, is wanting. 
On the other hand, Descemet’s membrane, d, with its epithelium, is everywhere present—a proof that 
the ulcer has not perforated. 


bulges forward. The bulging may disappear, owing to the contraction of 
the cicatricial tissue; but it may also remain permanently (ectatic cicatriz, 
keratectasia® ex ulcere, Fig. 89). The formation of ectatic cicatrices is, 
however, of much more frequent occurrence after perforation of the cornea. 


The physician who is called to a patient with an ulcer of the cornea must, after 
examining the eye, have acquainted himself not only with the diagnosis but also the 
prognosis; he must tell the patient beforehand to what extent his sight will suffer per- 
manent impairment, in order that such impairment may not afterward be charged 
against the medical treatment. The prognosis for vision depends upon the situation, 
the extent, and the density of the opacity which the ulcer has left behind it. Small 
opacities, even when dense, are generally less injurious to vision than those which are 
less dense but extensive (§ 263). It is hence less serious for an ulcer to extend into the 
depth of the tissues than upon the surface. If an ulcer is progressing in the direction 
of the center of the cornea, every millimetre of advance causes additional injury to the 
vision, while an extension toward the corneal margin is almost a matter of indifference. 
No further disintegration is to be apprehended at those portions of the margin of the 
ulcer to which vessels have already penetrated, and so, too, a port’on of the cornea, 
covered by pannus, is protected against suppuration in gonorrhceal conjunctivitis. In 
every instance the ulcer is arrested at the limbus, as it never makes its way into this or 


6 From xépas, horn, and éxrdots, distention, from éxretvew, to stretch out. 
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into the adjacent sclera. The only exception to this is formed by those ulcers which 
not infrequently develop from the nodules of conjunctivitis eczematosa situated in the 
limbus (Figs. 92 and 93). Even extensive suppuration of the cornea, as in gonorrhceal 
conjunctivitis, ulcus serpens, etc., always leaves a narrow rim of cornea intact, which, 
to be sure, is often not of sufficient size to render possible an iridectomy for the restora- 
tion of vision. 

[The prognosis and course of keratitis aresometimes also much affected by the patient’s 
general condition, and the keratitis is not completely or at least rapidly relieved until 
the proper constitutional treatment is applied —D.] 


199. Perforation of the Cornea.—The course which an ulcer takes is 
much more complicated when the latter perforates the cornea. Perforation 
takes place when the ulcer has penetrated down to the deepest layers of the 
cornea. The patient suddenly experiences violent pain, and feels a hot 
liquid (the aqueous humor) gushing out of the eye, after which, not infre- 
quently, the severe pains previously existing subside. Perforation may occur 
spontaneously or in consequence of a sudden increase of the intra-ocular 
pressure, such as may be caused by bodily exertion (even, for example, 
stooping), or by coughing, sneezing, squeezing together of the lids, crying 
(in children), etc. The increase in intra-ocular pressure, which develops 
under these circumstances is to be referred to two causes: it is partly a 
result of the increase of blood pressure (from the straining of the muscles, 
and also from congestion in the district drained by the superior vena cava), 
partly produced by direct compression of the eyeball, and particularly by 
the pressure which the ocular muscles, and especially the orbicularis palpe- 
brarum, at such times exert upon it. The perforation produced by such 
causes may develop with violent symptoms and entail very damaging results. 

After perforation has occurred we find the anterior chamber obliterated 
in consequence of the escape of the aqueous humor; the iris and, in the 
region of the pupil, the lens, also, are applied to the posterior surface of the 
cornea. If the aperture made by the perforation is of suitable position and 
size, we see lying in it the iris which has been swept inte the wound by the 
jet of escaping aqueous. The eye feels quite soft. 

Perforation is sometimes preceded by a keratocele.’ For, Descemet’s 
membrane being distinguished by the great resistance which, in comparison 
with the corneal lamelle, it offers to the inflammatory process, it often hap- 
pens that the stroma of the cornea is destroyed throughout its entire thick- 
ness by suppuration, while Descemet’s membrane still remains resistant. 
In that case it is protruded by the intra-ocular pressure under the form of 
a transparent vesicle which is visible upon the floor of the ulcer, or which 
may even project above the level of the adjacent cornea (keratocele or des- 
cemetocele). When this vesicle, too, ruptures, the perforation becomes com- 
plete. Sometimes the ulcer heals without the keratocele’s either rupturing 
or being flattened out. The latter then remains permanently under the 


7 From xépas, horn, and x7A7 hernia. 


252 TEXT-BOOK OF OPHTHALMOLOGY 


form of a vesicle which projects above the surface of the cornea, and which, 
itself transparent, is surrounded by a cloudy, cicatricial ring. 

The direct effect of a perforation upon the course of the disease is for 
the most part favorable, inasmuch 
as not only the pain and the other 
symptoms of irritation abate, but 
the progress of the ulcer also is, 
as a rule, arrested, and the ulcer 
rapidly becomes clean. (See page 
249). [On the other hand, perfora- 
tion may produce disastrous imme- 
diate effects, such as dislocation 


Fie. 90.—ParTIAL PROLAPSE OF THE [RIS 


(ScHEMATIC). 


The iris, which is thickened by the process of 
infiltration, and is covered on its anterior and 
posterior surface by the exudate, e, e1, rises up 
between the sharp edges of the margins of the 
perforation, which are still infiltrated. Peripherally 
from the prolapse the iris is approximated to the 


and expulsion of the lens and intra- 
ocular hemorrhage, and, oftener 
still, remote ill effects (flattening, 
ectasia, and fistula of the cornea, 


cornea, although here a remnant, v, of the anterior glaucoma, intra-ocular suppura- 
chamber still exists. - x te iss 
tion). See pages 254, 255.—D.] 


200. The method in which the perforation in the cornea closes again 
varies according as it is placed in front of the iris or the pupil. If the open- 
ing is found in front of the wris, as is generally the case, it is quickly covered 
by the iris, which, after the escape of the aqueous humor, is driven forward 
as far as the cornea. In this way it 
becomes possible for the anterior 
chamber to be restored within a 
very short time, although, to be 
sure, the iris at the site of the per- 
foration remains permanently con- 
nected with the cornea. If the 
perforation is quite small, the iris 
simply applies itself to it from 
behind and there becomes solidly 
adherent. In case, however, the 
perforation is larger, the iris, as a 
rule, is driven into it by the eseap- 
ing aqueous humor, and thus a 
prolapse or hernia of the iris is pro- 
duced (Fig. 90). This is repre- 
sented by a hemispherical promi- 
nence which, while recent, has the gray or brown color of the iris. Soon, 
however, this color is changed because of a layer of gray exudation (e, Fig. 90) 
which covers the prolapse like a cap and may be removed with a forceps. 
When the prolapsed portion of the iris is much stretched, the proper color 
of the iris is lost and the prolapse looks black, because of the retinal pig- 


Pp 


Fra. 


91.—TorTrat PROLAPSE OF THE IRIS 
(SCHEMATIC). 


Only the marginal portions, c, of the cornea are 
preserved, and these are still partially infiltrated 
Between them bulges the iris, which is driven 
strongly forward-and which consequently is thinned 

-so that the pigment, 7, upon its posterior surface 
shines through it and gives the prolapse a blackish 
hue. The pupil, p, is closed by a membrane, which 
is continuous with a thin layer of exudate that 
covers the entire iris. The space, h, between the 
iris and the lens is the enlarged posterior chamber, 
Of the anterior chamber only the shallow, slit-like, 
annular space, v, is left. This no longer communi- 
ates anvwhere with the posterior chamber (seclusio 
pupille), 
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ment on its posterior surface, which appears through the thinner stroma. 
This is particularly often the case in large prolapses of the iris. The extent 
of the prolapse of the iris is proportional, first of all, to the size of the per- 
foration. In the worst cases the perforation may comprise the whole cor- 
nea, which has suppurated throughout; in that case the iris prolapses 
through its entire extent (total prolapse of the iris, Fig. 91). The pupil is 
then generally closed up by a plug of exudation (p). But the way in which 
the prolapse occurs has also an influence upon its size. If the perforation 
takes place with great force (e.g., while the patient is straining hard), or 
if the patient behaves in a restless manner after it has taken place, a rela- 
tively larger portion of the iris will be driven into the perforation. 

201. The cicatrization of a corneal ulcer, which is associated with a 
prolapse of the iris, occurs in the following manner, if the prolapse is left to 
itself: The prolapsed iris in the first place becomes solidly agglutinated to 


Fie. 92. Fie. 93. 


Fic. 92.—Scar AFTER PERFORATION OF 4 MARGINAL ULCER WITH INCLUSION OF THE Iris. The 
sear is situated very peripherally, partly in fact in the sclera, a thing which can happen only as the 
result of ulcers due to conjunctivitis eczematosa. The dark central portion of the scar corresponds to 
the incarcerated iris, the white margin to the solid scar-tissue lying between the iris and the border of 
the former perforation aperture. The pupil is pear-shaped, with its pointed end displaced toward the 
sear, and corresponding to this the iris on the opposite side is put on the stretch, Consequently, the 
pupillary zone and the ciliary zone are broadened, and furthermore the zone of peripheral crypts, which 
otherwise would be concealed behind the limbus, becomes visible under the form of a dark stripe at 
that portion of the periphery of the iris opposite the scar. 

Fic. 93.—Scar WITHOUT INCLUSION OF THE IRIS. Here there was also an eczematous ulcer which 
had perforated. The prolapsed iris had been excised in the proper way. Consequently, it is no longer 
connected with the scar, but over an area corresponding to the scar shows a coloboma. The pupil 
is permanently dilated because of the gap made in the sphincter pupille. 


the walls of the opening caused by the rupture, and wherever it is exposed 
it is converted by inflammation into a sort of granulating tissue, so that the 
prolapse soon loses the color of the iris and becomes grayish-red. Subse- 
quently there develops from the proliferating tissue of the iris cicatricial 
tissue, which first becomes visible under the form of isolated gray bands. 
By the contraction of these latter, constrictions are formed upon the surface 
of the prolapse. As the formation of the cicatrix proceeds, these bands 
become broader, fuse together, and render the prolapse constantly flatter 
and flatter. Hence in favorable cases the process terminates in the forma- 
tion of a flat cicatrix situated at the level of the rest of the cornea, and at the 
site formerly occupied by the bulging prolapse. This cicatrix being mainly 
a portion of iris that has become cicatricial, it follows that the remainder of 
the iris still lying in the anterior chamber is solidly united to it. Such an 
adhesion of the iris to a corneal cicatrix is called an anterior synechia.® 


8 From ovvéxewv, to connect. The term leucoma adherens (from Aevxds, white) is also employed to 
denote a cicatrix of the cornea with anterior synechia. 
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Owing to the fact that the iris is drawn forward to the scar, the pupil 
loses its round shape and is drawn in toward the site of the adhesion. To 
what extent this is the case depends upon where the perforation is situated 
and what part of the iris is prolapsed. In peripherally situated ulcers the 
pupil is drawn strongly toward the site of the perforation; it has the shape 
of a pear, the tapering end of which is directed toward the site of the syne- 
chia (Fig. 92). If, however, the perforation is situated near the center of 
the cornea (as in Fig. 90), the pupillary portion of the iris becomes engaged 
in it in healing and in this case the distortion of the pupil is slight, or entirely 
absent. If the perforation is so large that the entire pupillary margin of the 
iris is involved in the prolapse and becomes attached to the cornea in healing 
the pupil is permanently closed by the cicatrix that is formed (Figs. 122 and 
123); there are produced occlusio and seclusio pupille, together with their 
destructive consequences. 

In the healing of large perforating ulcers of the cornea, the shrinking 
of the cicatricial tissue is often so great that the corneal cicatrix appears 
flattened when compared with the normal curvature of the cornea. This 
flattening, moreover, may extend beyond the cicatricial spot to the portion 
of the cornea which is still transparent, and then the cornea as a whole 
becomes flatter (applanatio cornew). If the cornea has been entirely 
destroyed by suppuration, so that a total prolapse of the iris has developed, 
the latter ultimately becomes reduced to a small and perfectly flat cicatrix, 
which takes the place of the cornea (phthists cornee). The distinction 
between applanatio and phthisis of the cornea is as follows: In the former 
the cornea is still present, although it is in part cicatricial, and thus as a 
whole is flattened. In the latter, on the other hand, nothing of the cornea 
is left except a very narrow marginal rim which generally withstands the 
destructive process of ulceration. The flat sear which takes the place of the 
cornea is, in this case, the cicatrized iris. 

The healing of a prolapse of the iris with the formation of a flat cicatrix 
must be regarded, even though the latter is opaque, as a comparatively 
favorable outcome of a large corneal perforation. Such an eye, of course, 
is seriously affected, so far as its function is concerned, butyetafter the proc- 
ess has run its course, it remains in a state of quiescence, and generally 
causes its owner no further trouble. The case is different when healing 
takes place with the formation of an ectatic cicatrix. This occurs in the fol- 
lowing manner: The prolapsed iris becomes covered with cicatricial tissue, 
but this is not strong enough to effect the flattening of the prolapse. Hence 
the latter becomes consolidated in its original form as a protrusion, and is 
converted into an ectatic cicatrix with inclusion of the iris (staphyloma cor- 
nee). A large-sized perforation opening and restlessness on the part of the 
patient favor the formation of such an ectasis. Whenever a prolapse of the 
iris hes become so extensive that it is constricted by the margin of the per- 
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foration (or hernial orifice), and hence has acquired a mushroom shape, 
the formation of a flat cicatrix, without artificial aid, becomes altogether 
impossible. 

202. If the perforation in the cornea is not in front of the iris, but lies 
wn the region of the pupil, it cannot be covered by the iris. Its ocelusion in 
this instance takes place more slowly by an outgrowth of new formed tissue 
(cicatricial tissue) from the margins of the opening, until the opening is 
filled up. In such a case the anterior chamber remains absent for a some- 
what longer time, and meanwhile the lens is in contact with the posterior 
opening in the cornea. The lens may bear away permanent marks of this 
contact, most frequently in the form of a circumscribed opacity at its anter- 
ior pole (anterior capsular cataract; see § 474). Sometimes the perforation 
does not close completely by cicatrization, so that a minute aperture 
remains permanently (fistula of the cornea). This appears under the guise 
of a small dark point, surrounded by opaque, whitish cicatricial tissue; the 
anterior chamber is absent, the eye is soft. If the fistula persists for a long 
time, the eye gradually perishes. The cornea flattens, the eye grows softer 
and softer, and at length goes blind from detachment of the retina. On the 
other hand, as soon as the fistula closes, an increase of tension is apt to set 
in, that may lead to a renewed rupture of the occluding substance, which 
is still but slightly resistant. An alternation of this sort between an open 
fistula with softness of the eyeball, gradual closure of the fistula, and a con- 

sequent steady increase of pressure until the cicatrix ruptures anew, may be 
repeated for a long time, until finally a severe inflammation or an intra-ocu- 
lar hemorrhage occurs, which leads to the atrophy of the eye, and thus puts 
an end to the process. 

Fistule of the cornea occur mainly as a sequel of perforations that lie opposite the 
pupillary margin of the iris, so that the iris cannot block the opening completely, but 
simply lies with its pupillary border in the perforation orifice. In this case often there 
is no solid connection present between the iris and the cicatricial tissue, minute inter- 
vals remaining between the two. Hence, corneal fistula do not as a rule present wide 
canals lined with epithelium, and yet the scar-tissue filling the perforation opening is 
not dense, but is permeated by fissures through which the aqueous keeps oozing until 
it reaches the exterior surface of the cornea (Czermak). The origin of other fistule is 
that the prolapsed iris splits apart under the strain produced by the pressure of the 


aqueous, and the opening thus formed never closes solidly again. Lastly, in very exten- 
sive prolapses of the iris, it may happen that in the process of cicatrization a fistula is 


left at the spot corresponding to the pupil. 

203. Other bad consequences of perforation of the cornea, which are 
sometimes observed, are: 

(a) Luaation of the Lens.—After the escape of the aqueous humor, the 
lens, to reach the cornea, must be pushed forward through the entire depth 
of Fhe anterior chamber (2.5 mm.), a movement associated with a consid- 
erable degree of stretching of the zonula ot Zinn. If the forward movement 
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takes place very suddenly, or if the fibers of the zonula have been rendered 
fragile by disease, the zonularuptures. In consequence the lens may become 
tilted, or, if the perforationis large enough may even be expelled from the eye. 

(b) Intra-ocular hemorrhages are the result of the rapid diminution in 
tension, by virtue of which an increased quantity of blood flows into the 
vessels of the interior of the eye, which have been thus suddenly relieved 
of external pressure, and causes their rupture. Hemorrhage takes place if 
the perforation occurs very suddenly, or if the eye beforehand was under an 
abnormally high tension. The latter is the case in glaucomatous and 
staphylomatous eyes, in which, furthermore, there is generally also a degen- 
eration of the vessels associated with an increased fragility of their walls. 
The hemorrhage may be so great that the entire contents of the eyeball are 
extruded by reason of it; nay, more, the patient may almost be in danger 
of bleeding to death. 

(c) Suppuration starting from the cornea may be carried over into the 
deeper parts of the eye and lead to the destruction of the latter by severe 
trido-cyclitis, or even by panophthalmitis. This occurs mainly in the case 
of extensive destruction of the cornea, especially if, at the same time, the 
suppuration is of a particularly virulent character, as in gonorrhceal con- 
junctivitis or in ulcus serpens. 

204. The Clearing of Corneal Cicatrices.—After a long time has 
elapsed—months or years, that is—the cicatrix left by an ulcer appears 
less large and less opaque than it was directly after the healing of the ulcer 
was completed; the cicatrix has partially “cleared up.”’ In this way quite 
small cicatrices may become altogether invisible. The extent to which 
clearing takes place depends principally upon two circumstances: upon the 
thickness of the cicatricial tissue and upon the age of the individual. The 
deeper the cicatrix penetrates into the cornea, the less it clears up; perfor- 
ating cicatrices of the cornea, if they are ever so small, remain permanently 
opaque. (A fine example of this is afforded by the punctures which the 
discission needle makes, and which remain visible as gray points upon the 
cornea all during life.) The age of the individual influences the process of 
clearing, in that the latter makes greater advances the younger the patient 
is. For this reason cicatrices after ophthalmia neonatorum often clear up 
in a wonderful way. 

205. Etiology.—With reference to their etiology, all inflammations of 
the cornea may be divided into two great groups; primary and secondary 
keratitides. By the former, we understand those which have their starting 
point in the cornea itself; by the latter, on the contrary, those which have 
passed over to the cornea from other structures, and most frequently from 
the conjunctiva. This distinction, true with regard to keratitis in general, 
is especially so with respect to ulcers of the cornea. 

Primary ulcers of the cornea most frequently owe their development 
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to traumatism. Under this head belong not only injuries in the narrower 
sense of the word, but also a lesion of the cornea by means of small foreign 
bodies, by faultily placed cilia, by papillary growths on the free border of 
the lids, ete. Ulcers, furthermore, develop after the separation of eschars 
produced by burns or the action of caustics. Other ulcers are dependent 
upon a disturbance in the nutrition of the cornea, as the ulcers in eyes with 
absolute glaucoma where the cornea has become insensitive, or ulcers which 
develop in old cicatrices of the cornea (atheromatous ulcers). 

Secondary ulcers are the result of an affection of the conjunctiva. All 
inflammations of the conjunctiva may be complicated with inflammation of 
the cornea; and in severe inflammations of the conjunctiva, as in gonor- 
rheeal conjunctivitis and diphtheria, this is quite the rule. 

In accordance with our present views regarding suppuration we must 
expect to find that in the majority of cases the direct cause of the formation 
of ulcers in the cornea is constituted by the entrance of micro-organisms 
into the corneal tissues. Micro-organisms are found very frequently in the 
secretion of the diseased and even of the normal conjunctiva. If, now, 
owing to slight traumatism, to detachment of the epithelium by the forma- 
tion of a vesicle (in herpes cornez), or to any other cause, the protective epi- 
thelial covering of the cornea is injured at some spot, the door is opened for 
the entrance of bacteria into the tissue of the cornea. In people of the work- 
ing class ulcers of the cornea occur much more frequently than among the 
well-to-do classes, because they very often suffer from neglected chronic 
catarrhs, and also very often expose themselves to injuries of the cornea. 


Ulcers of the cornea are among the most frequent affections of the eyes, and special 
significance attaches to them because the opacities that they leave very often impair 
the sight. Ulcers of the cornea, if we except those resulting from conjunctivitis eezema- 
tosa, are found much more frequently in adults, and especially in elderly people, than 
in children. It seems that in the later years of life the cornea is less well nourished, and 
is hence more disposed to disintegrate than in youth. 

The results of bacteriological examination in some cases of corneal ulceration are 
negative; in other cases we find the same bacteria that are familiar to us as occurring in 
the conjunctival sac. This should not surprise us, since the cornea certainly is most 
often infected by invasion from the conjunctival sac. A perfect correspondence between 
the individual variety of corneal ulcer present and a definite morbid germ, so that from 
the appearance of the ulcer one could diagnosticate the germ with certainty, exists 
only for the keratitis produced by mold fungi and to a less extent for ulcus serpens, 
which, at least in the majority of cases, is caused by the pneumococcus. [The pneumo- 
coccus, however, may also cause ordinary ulcers of the cornea and particularly the clear 
facetted ulcer (page 259), which is likewise produced by severe inflammation caused by 
the Koch-Weeks bacillus or mixed infections (Butler).—D. | Marginal ulcers such as occur 
in conjunctival catarrh are often produced by the diplobacillus of Morax-Axenfeld or 
the allied bacillus of Petit, sometimes also by a bacillus described by zur Nedden. 
[According to Butler, except in mixed infections, the Morax-Axenfeld diptobacillus is 
not very often a cause of-corneal ulceration.—D.] In any event, the bacterial findings in 
the case of corneal ulcers vary greatly. . 

AF; 
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[Some ulcers are due to constitutional causes (see pages 260, 261 and 281) ;and in others 
that are not produced directly in this way the depressed general state of the patient 
often affects the course unfavorably and, unless attended to, may lead to destructive 
changes in the cornea. This is particularly the case with the ulceration of the cornea 
occurring in marasmic infants affected with ophthalmia neonatorum. Here ulceration 
may progress in spite of all local measures, and every effort must be made to reinforce 
the patient’s resisting power by general treatment. Again, many believe that deficient 
nerve power is at the bottom of many cases of ulceration following vesicle formation 
(herpes of the cornea, recurrent erosion; see §§ 226-230 and 247), and in others hypo- 
thyroidism seems to be a factor.—D.] 


206. Varieties.—Corneal ulcers occur under many various forms, some of 
which are well characterized, partly by their etiology, partly by their aspect 
and course. These may be enumerated as follows: 


1. In conjunctivitis eczematosa, as well as in conjunctivitis ex acne rosacea, we find 
small, superficial, generally marginal ulcers, which, as a rule, get well rapidly. There 
are, however, cases of conjunctivitis eezematosa in which the ulcers, without spreading 
along the surface, keep on steadily penetrating deeper and deeper until abrupt crater- 
shaped losses of substance are produced which speedily perforate the cornea. These 
ulcers, too, are commonly situated at the margin of the cornea, and hence leave behind 
those peripheral incarcerations of the iris with marked displacement of the pupil that 
are characteristic of a conjunctivitis eczematosa which has run its course (Fig. 92). 

2. The vascular fasciculus (keratitis fascicularis) is likewise observed in conjuncti- 
vitis eczematosa, and is produced by an ulcer making its way from the margin of the 
cornea farther and farther into the latter, and trailing after it a leash of vessels from the 
limbus (page 194). 

3. Catarrhal ulcers are characterized by their crescentic shape, as well as by their 
position near the corneal margin, and concentric with it. Several crescentic ulcers may 
be present in the same eye at different parts of the circumference of the cornea; nay, 
more, by their confluence an annular ulcer may be formed, completely encircling the 
cornea. In the latter case the annular opacity which is left has a great resemblance 
to the arcus senilis cornez. In cases where such an annular ulcer has penetrated deeply, 
the very detrimental result of a permanent ectasia of the cornea has been observed. 
For by a stretching of the floor of the ulcer the base of the cornea at the point where 
the ulcer is situated is pushed forward, and the whole cornea assumes an oblique position. 
If the ulcer completely surrounds the cornea, the latter may give way before the intra- 
ocular pressure and move forward en masse. In this case the region of the cornea 
inclosed by the annular ulcer lies like a watch glass on top of the marginal portions 
of the cornea (keratectasia ex ulcere, § 271). [Other forms of ulceration observed in 
eatarrhal conjunctivitis are the clear facetted uleer (see No. 5 below), minute deep 
ulcers like gimlet holes, and minute*superficial ulcers in a circle midway between the 
center and the circumference of the cornea. These last occur specially in children and 
heal quickly (Butler).—D.] 

4. In pannus trachomatosus small ulcers frequently occur, which develop from the 
infiltration at the margin of the pannus. Sometimes along the margin of the pannus a 
whole series of such ulcers is found, which also may coalesce into one large crescentic 
ulcer. Other ulcers develop in the midst of the pannus in spots where the infiltration 
penetrates more deeply into the cornea and leads to ulcerative disintegration. 

5. The central, non-irritative ulcer occurring in trachoma [and also in Koch-Weeks, 
pneumococcus, and mixed infections] develops generally in the center of the cornea. 
It is distinguished by the absence of accompanying symptoms of irritation, so that 
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often the disturbance of vision is the only thing that calls the patient’s attention to. 
his trouble. Objectively, the ulcer is distinguished by the fact that even during the 
progressive period it is but very slightly clouded, so that it scarcely gives any evidence 
of its presence, except the loss of substance that it produces; it may therefore be very 
easily overlooked if we do not examine the cornea by carefully testing its reflex. It 
has a tendency to fill up incompletely with cicatricial tissue, so that a central facet 
remains which causes very great deterioration of sight by the production of irregular 
astigmatism. 

6. Ulcers in gonorrheal conjunctivitis and in divhtheria of the conjunctiva generally 
spread rapidly, and often lead to destruction of the entire cornea, or even to panophthal-- 
mitis. {Multiple superficial ulcers may also be caused by metastatic gonorrhea (see 
page 156).—D.] : 

7. Traumatic ulcers of the cornea are, as a rule, small and superficial, and occur 
for the most part in elderly people. They are located in the zone of the cornea that 
lies in the palpebral fissure; the upper third of the cornea, which is covered by the 


Fic. 94.—Forms or Untcer TrHat DrveLop FROM HeRpPES FEBRILIS CORNEA, 
' 


A.—LARGE BUT QuiTE SurerFiciaL Utcer. The central gray ring corresponds to an earlier stage 
of the ulcer, which since then has advanced nearly to the margin of the cornea. ; 
B.—Keratitis Denpritica. To the left of the large branched ulcer lies a group of delicate 


minute macule, representing the remains of the herpetic efflorescences. 
C. Keratitis Stettata. In the inner half of the cornea, which is moderately clouded all over,. 


are four large and two very small ulcers, showing a stellate branching. 


upper lid, therefore generally is exempt from them. But besides these ulcers, which 
run a rapid course and are benign, there also occurs—usually after inconsiderable 
injuries—the dangerous sort known as ulcus serpens (see § 217). 

For the ulcers which develop as a result of desiccation of the cornea, see keratitis 
e lagophthalmo (page 277). 

8. Small marginal ulcers of the cornea occur frequently in elderly people, especially 
of the male sex, without any conjunctival lesion or external traumatism being discover- 
able as their cause. They develop with pretty violent complications, but are scarcely 
of the size of a pin’s head, and heal rapidly without penetrating deeply. They are 
particularly troublesome from the fact that they are prone to recur, so that many 
people have to go through with attacks of this kind of keratitis one or more times 
every year. The uratic diathesis appears to be a frequent cause of these ulcers, and 
general treatment directed against this diathesis and consisting of the proper dietetic 
regulations or the use of mineral waters often puts an end to the recurrence of the 
ulceration. 

9. Herpes cornee febrilis (rarely also herpes cornew zoster, see § 228) may give rise 
to ulcers formed from the ruptured herpetic vesicles. These have the property of not 
penetrating deeply, but of being very prone to spread superficially. This superficial 
extension may take place in two ways; either the ulcer extends in all directions uni- 
formly, in which case we have a large but quite superficial loss of substance everywhere 
surrounded by a narrow, sharp, usually festooned, gray, and infiltrated margin, which 
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pushes its way farther every day (Fig. 94 A); or extension takes place in certain direc- 
tions only. In the latter case, from the loss of substance, which originally is small, 
gray striae extend in one or more directions into the transparent cornea, and grow 
constantly longer, at the same time becoming forked, and also sending out lateral 
branches. Thus there is produced in the cornea a very pretty gray figure which is 
branched like a tree, and often bears nodular swellings at the extremities of its branches 
—keratitis dendritica (Emmert). This branched infiltrate breaks down into an ulcer 
having the form of a deep, branched furrow, with gray margins inclosing it (Fig. 94 B) 
Then this ulcer becomes clean and heals, leaving behind it an opacity, whose branched 
form allows us to recognize, even some time afterward, the nature of the antecedent 
affection. ; 

(Dendritic keratitis was first described by Kipp, who pointedout that inthiscountry 
at least it is caused in nine cases out of ten by malaria, and is relieved by the adminis- 
tration of quinine. The same is true of some cases of the ordinary form of herpes febrilis 
cornee (De Beck).—D.] 

In many cases of herpes, instead of a single large ulcer, numerous minute ulcers 
develop which are star-shaped and provided with short processes (keratitis stellata; 
Fig. 94 C). 

All these forms of keratitis are characterized by long duration (one to three months). 

[10. Akin to the above conditions is swperficial linear keratitis (Spicer and Greeves). 
This is characterized by an acute onset with pain, congestion, and the formation in the 
cornea of a number of gray superficial epithelial ridges, usually running vertically and 
tapering at the ends. The ridges present a series of denser spots or nodes, which often 
stain with fluorescein, although the ridges themselves do not. The tension is usually 
markedly lowered, and the sight greatly impaired. The attack subsides in a few days 
or one or two weeks, leaving a grayish opacity, which at length disappears. If, however 
as often happens, there are several attacks, a permanent opacity is left which may 
render the eye partially or completely blind. The ridges on the cornea differ from those 
of dendritic keratitis in that they are multiple, straight, and have no bud-like outgrowths 
from them. They are caused by a wrinkling and elevation in Bowman’s membrane 
with the formation of new fibrous tissue in the underlying substantia propria.—D.] 

11. Ulcus rodens (Mooren). [Chronic serpiginous ulcer (Mayou).] A superficial 
ulcer develops from the margin of the cornea (usually the upper margin) with marked 
inflammatory complications. From the sound portion of the cornea it is limited by a 
gray, clouded margin, which is evidently undermined. This latter symptom is char- 
acteristic of ulcus rodens. After a short time the ulcer begins to grow clean and to 
cicatrize, becoming covered with vessels from the limbus. Just when one supposes the 
process to be nearing complete recovery, a relapse sets in with a return of the symptoms 
of irritation, and in this the ulcer pushes its way forward somewhat farther in the cornea. 
So the disease goes on with discontinuous attacks and intervening remissions, until 
the ulcer has covered the entire cornea. The latter is thus everywhere deprived of 
its superficial layers, and henee remains permanently clouded throughout its entire 
extent, so that vision is very greatly diminished. [The ulcerated area, as Mayou remarks, 
shows but little tendency to fill up with new tissue and may show very little clouding.] 
Perforation of the cornea in this affection has never been observed. This rare disease 
attacks elderly people, and not infrequently invades both cornes either simultaneously 
or in succession. It was regarded as incurable as long as surgeons were unacquainted 
with the cauterization of the cornea by means of the actual cautery. If, however, we 
destroy the margin of the ulcer by this means, the ulcer in most cases is brought to a cure. 

12. Keratitis marginalis superficialis is another rare disease, found in persons in 
middle life. A quite superficial ulceration spreads over the cornea, starting from its 
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margin. It does not, however, start from all parts of the margin at the same time, 
nor does it advance uniformly. Consequently the ulcerated marginal zone of the cornea 
is demarcated from the transparent central portion by a sinuous border formed by 
a fine gray line (Fig. 95). This variety of keratitis drags on for a long time—sometimes 
for years—periods of intermission alternating with relapses, which are associated with 
moderate symptoms of irritation. It is distinguished from ulcus rodens in that the 
ulcer is extremely shallow, and hence the cornea within its limits shows only a very 
faint and grayish opacity. Moreover, the edge of the ulcer, searcely visible in any case, 
is not undermined. The ulceration never reaches the center of the cornea, so that the 
extremely faint opacities that remain do not interfere with sight. Keratitis marginalis 
superficialis often gives rise to a drawing of the conjunc- 
tiva up over the cornea in the form of a pseudo-pterygium 
(see page 217). 

The vascular fasciculus, keratitis dendritica, ulcus 
rodens, and keratitis marginalis superficialis have the com- 
mon trait of creeping along slowly in the cornea, for which 
reason they are also designated by the name of serpigin- 
ous ulcers of the cornea. ace 

13. Atheromatous ulcers develop in old scars of the fy¢, 95.—Kerarivis Mareinatis 


cornea when the latter have undergone degeneration _ SUPBRFICIALIS. ; 
ah ; z At the inner margin of the cornea is 
through the deposition of lime or hyaline masses or when @ pseudo-pteryeium. 


they are exposed to mechanical injuries (as, for example, 

when at the apex of a corneal staphyloma). The result is exfoliation of the epithelium 
and consequently necrosis of the poorly nourished cicatricial tissue (‘‘sequestrating cica- 
tricial keratitis’). As the necrosis frequently extends through the entire thickness of 
the sear, perforation often occurs and as a sequel to this even panophthalmitis. 

14. In eyes rendered blind by glaucoma absolutum, purulent ulcers, usually under 
the form of ulcus serpens, may develop. These are ordinarily associated with consider- 
able hypopyon, and frequently terminate either in perforation of the cornea, with 
resultant hemorrhages from the eyeball, or in panophthalmitis. Like atheromatous 
ulcers, they are caused by insufficient nutrition and innervation of the cornea, an 
insufficiency already made apparent from the insensitiveness of the latter. With both 
varieties of ulcers, enucleation of the blinded eye is sometimes the only remedy that 
permanently relieves the patient of the repeatedly recurring, tormenting ulceration. 

15. Likewise due to impaired nutrition are the marantic ulcers which occur in 
persons who are run down as a result of a serious disease of the liver (cizrhosis, carei- 
noma). These ulcers are torpid in course but may, nevertheless, produce destruction 
of the cornea. As they are associated with xerosis of the conjunctiva and with hemera- 
lopia, they occupy an intermediate position between the cases of simple hemeralopia 
with xerosis (§ 569) and the keratomalacia of small children (see page 279). 


207. Treatment.—Ulcers of the cornea are very amenable to proper 
and energetic treatment. They hence in general afford a favorable prog- 
nosis if they come under treatment early; in the great majority of cases it 
is possible to put a stop to their progress, and produce regular cicatrization. 
The treatment varies according to the stage in which the ulcer comes under 
treatment. 

(a) Recent ulcers that are still foul (progressive) require, most of all, 
the consideration of the causal indication. In traumatic ulcers any foreign 
bodies that are still present must in every case be removed. Cilia which 
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are directed against the cornea must be epilated; papillomata of the edges 
of the lids, when causing trouble in the cornea, must be removed. In the 
numerous cases in which the ulcer of the cornea is caused by a conjunctival 
lesion, the treatment of the latter forms, as a rule, the most important part 
of our therapeutics, and under it, moreover, the ulcer advances toward 
recovery. Hence, in corneal ulcers resulting from catarrh, trachoma, or 
gonorrhceal inflammation of the conjunctiva, we must by no means desist 
from cauterization of the latter, if it is required by the conjunctival trouble. 
[So too, in cases of diplobacillus conjunctivitis, we continue using zinc sul- 
phate (see page 145) after ulcers have developed, and with good effect on the 
latter.—D.] The only precaution that must be observed is that the caustics 
applied should not come into contact with the cornea itself—a contingency 
which can be avoided by carefully washing off from the conjunctiva any 
excess that may be present. Furthermore, we should cauterize with the 
silver solution only, and not with the copper stick, which is too irritating. 
‘Moreover, as long as progressive ulcers are present in the cornea, no irrita- 
ting collyria, such as the collyrium adstringens luteum and the like, should 
be instilled, as they would then come into contact with the cornea. 


[To fulfill the causal indication, we must in many cases apply constitutional and 
hygienic treatment. Thus, if the disease has a malarial basis as in many cases of 
dendritic keratitis, we must use quinine; in herpetic and other cases in which there is 
evidence of nerve disturbance, we use arsenic (which, indeed, seems helpful in a variety 
of corneal conditions). In some intractable forms thyroid extract may be required, 
although this is more often indicated in non-suppurative keratitis. Fresh air and good 
diet, careful regulation of the bowels, and, in general, measures to promote nutrition 
-and prevent accumulation of waste matter are indicated in all cases, but particularly 
iin the marantic ulcers (page 261), the uratic ulcers (page 259), and the ulcers of eczema- 
{tous conjunctivitis. In the last-named condition minute doses of calomel are of service 
(see page 201). Finally we should look for and remove any latent focus of infection 
in the teeth, tonsils, nasal cavities, ete.—D.] 


208. The indicatio morbi requires in most cases the application of a 
protective dressing (see page 54). This, as a rule, is to be kept on until the 
ulcer gets clean and becomes lined with an epithelial covering which pro- 
tects the cornea against exterior influences. When the floor of the ulcer is 
thinned and shows a tendency to bulge, a pressure dressing must be applied 
and kept up until the freshly formed cicatrix is sufficiently strong to offer 
resistance to the intra-ocular pressure. 

A contraindication against the bandage is furnished by a profuse secre- 
tion, because the latter would be retained in the conjunctival sac by the 
closure of the lids, and would remain in constant contact with the ulcer. 
For this reason, in ulcers resulting from conjunctivitis the bandage must 
be very often dispensed with. In quite small children, also, the bandage is 
generally useless, since it soon gets displaced; and a badly applied bandage 
is more hurtful than any exposure of the eye could be. 
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Next to the bandage atropine plays the most important part in the 
treatment of ulcers. It combats the inflammation of the iris, hence dimin- 
ishes the general state of irritation, and so reacts favorably upon the-ulcer 
itself. It must be instilled as often as is necessary, in order to keep the 
pupil steadily dilated. 

[In cases that promise to be transient, atropine may tentatively be replaced by 
homatropine.—D.] 

209. With these two remedies alone—the bandage and atropine—we 
attain our object in mild cases. For those ulcers, however, which, from the - 
purulent hue or from the great infiltration of their surrounding parts, show 
a rapidly progressive character, we must employ still other remedies. Some 
of those most used are— 

Moist hot compresses (see page 56) applied every day for an hour 
or more, the dressing being left off each time for the same period. 

Very finely powdered iodoform sprinkled upon the ulcer or applied in 
10-per-cent ointment. 

Absolute alcohol or tincture of iodine lor a solution of iodine in vasogen 
applied to the ulcer with a cotton-tipped swab. This very effective, though 
very painful application can be used with considerable freedom, as it rarely 
does injury to the intact cornea.—D.] 

(Nitric acid or 95-per-cent carbolic acid. To apply the former we use a 
wooden toothpick soaked in the acid and then dried (Jackson). We must 
be careful that neither agent comes into contact with the sound cornea.—D.] 

[In phlyctzenular and other superficial ulcers, powdered calomel dusted 
into the eye or in the latter stages 1-per-cent yellow oxide of mercury oint- 
ment (see page 200).—D.] 

Subconjunctival injections (see page 65) of a mercury oxycyanide solution 

sora 10-per-cent salt solution made beneath the bulbar conjunctiva. 

[In some cases phototherapy (page 57), actinotherapy, or iontophoresis (page 58) 
with zine sulphate have been serviceable.—D.| 

The minute branched ulcers of keratitis dendritica are usually arrested if a piece 


of bluestone whittled to a fine point is carried carefully along the furrow made by the 
ulcer. [But these cases usually require constitutional treatment (see page 260).—D.] 


210. If in spite of these remedies the ulcer is evidently spreading, we 
must proceed to the operation of cauterizing the ulcer by means of the act- 
ual cautery (Gayet). For this purpose we use a small sharp-pointed caut- 
ery iron, or the galvano-cautery loop, or Paquelin’s thermo-cautery. With 
one of these instruments the ulcer is cauterized wherever it shows a gray 
coating. In the case of extensive ulcers it is not necessary to cauterize the 
entire ulcerating surface, but it is sufficient to destroy the most infiltrated 
portion of its margin, at which an advance of the ulcerative process is to be 
expected. Before cauterizing we make the cornea insensitive by repeatedly 
instilling a 5-per-cent solution of cocaine bydrochloride. 
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The introduction of the actual cautery, which we owe principally to Gayet, was 
a great step forward in treatment; for the ulcers against which we were often powerless 
before, namely, those which are deeply infiltrated and rapidly progressive, are just the 
ones that are usually arrested at once by this means. The application of the cautery 
is painless when cocaine is employed, and does not, as might be supposed, cause any 
marked irritation of the eye. On the contrary, after its application the pain often 
ceases instantly, while the other symptoms of irritation abate. In private practice, 
when one has no other means to resort to, the head of a probe or of a knitting needle, 
heated red-hot, may be employed for cauterization. The chief thing is to make the 
-cauterization extensive enough. Perforation of the thinned floor of the ulcer can, with 
care, be easily avoided; should it occur, however, it has no bad results beyond what 
the perforation itself gives rise to, since the hot point is cooled at once by the outpouring 
aqueous humor. An opacity remains permanently at the cauterized spot; but since 
we only cauterize such places as would otherwise go on to purulent disintegration, the 
final opacity is not greater than it would have been in any case 


211. Another potent remedy for combating rapidly spreading ulcers is 
paracentesis of the anterior chamber (for the method of its performance see 
‘§ 847). Peopie were led to do this operation by observing that ulcers after 
spontaneous perforation generally went on to rapid healing (page 252). In 
a similar manner, artificial perforation—i.e., puncture of the cornea—per- 
formed early prevents the extension of the ulcer and its threatened rupture. 
Why should we not wait until the ulcer spontaneously perforates the cor- 
nea? Because in the meantime the ulcer keeps enlarging superficially and 
thus would produce a more extensive opacity, and, furthermore, because 
after ulcerative perforation of the cornea a prolapse of the iris almost always 
develops, leading to the formation of an anterior synechia, while with a 
properly performed puncture this is not the case. 

If perforation is imminent, and we prefer not to bring it about .artifi- 
cially by puncture, we take care to have the patient kept quiet—a thing best 
done by making him lie in bed, in order that the perforation may take place 
gradually, and that as little as possible of the iris may be driven into th 
opening. 


[For transplantation of the conjunctiva in rapidly advancing ulcers, see § 823.] 


212. (b) When perforation of the cornea has taken place treatment has 
to aim at the following objects: in the first place, that the iris shall not 
adhere to the cornea, or at least shall do so to the smallest possible extent; 
in the second place, that a firm and flat (not ectatic) cieatrix shall be 
formed. The two objects are attained as follows: 

1. If the perforation is quite small the iris does not prolapse into it, 
butt simply becomes applied to its posterior orifice. In such eases, rest, 
bandage, and atropine suffice for the treatment. There then remains only 
a punctiform adhesion of the iris to the corneal cicatrix, and this is often 
subsequently drawn out into a thin filament. In particularly favorable 
cases no anterior synechia at all may be produced; for instance, if the iris, 
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before it. has become firmly adherent to the site of perforation, is pushed 
away from it again by the reaccumulating aqueous. 

2. If—in the case of a perforation of greater size—the iris has pro- 
lapsed, it should be excised. A replacement of the iris into the anterior 
chamber (reposition) in most cases would be impossible of performance, and 
even if it should succeed, would have no lasting results, since the iris would 
continually prolapse again. For the performance of excision we first make 
the cornea insensitive by means of cocaine. Then with a sharp-pointed 
- instrument (conical sound) we separate on all sides the adhesions of the pro- 
lapse to the perforation opening, draw the iris as fer as possible out of the 
wound with the forceps, and snip it off close to the cornea (Leber). If the 
iris still projects anywhere into the opening, it must be freed with a spatula 
and pushed back into the anterior chamber. If the operation has been suc- 
cessful, the iris ought no longer to be attached anywhere to the margin of 
the aperture; on the contrary, there should be a coloboma of the iris (Fig. 
93) with free pillars, as after a regular iridectomy. In this way we obtain 
a firm cicatrix without inclusion of the iris. 

The performance of excision is possible only in recent prolapses (pro- 
lapses a few days old), as afterward the prolapsed iris becomes so solidly 
adherent to the margins of the perforation that the separation of the iris 
from the latter is no longer feasible. Similarly it is not to be recommended 
in the case of a very large perforation. In these two cases—i.e., 

3. In old or very extensive prolapses of the iris, we abstain from releas- 
ing the iris from the cornea; we confine ourselves to the attempt to trans- 
form the prolapse into a firm and flat cicatrix. In many cases a pressure 
bandage applied for a long time accomplishes this end. If we cannot attain 
our object in this way, as is particularly the case when the prolapse is con- 
stricted at its base like a mushroom, we must produce flattening of the pro- 
lapse by repeatedly puncturing it or by excising a small portion. In the 
case of a very bulging total prolapse of the iris, it is advisable to split it 
transversely, and then, after opening the anterior capsule, to expel the lens. 
If there is a remnant of sound cornea left broad enough for the performance 
of an iridectomy, this operation is an excellent means for securing the form- 
ation of a flat cicatrix. 

4. In keratocele, the maintenance of rest, the application of a bandage, 
and ultimately the puncture or cauterization of the protruding vesicle, are 
employed. 

5. In fistula of the cornea, in order to effect its closure, everything must 
be avoided that might temporarily increase the ocular tension, and thus 
force the fistula open again just as it is closing. For this purpose we order 
rest in bed, with the application of a light bandage to both eyes, while at 
the same time we instill a miotic (eserine or pilocarpine) in order to diminish 
the pressure in the anterior chamber. An iridectomy has a very good effect, 
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but this can be performed only when the anterior chamber has been, at 
least. to some extent, temporarily restored. If these measures fail, we must 
remove the cicatricial margins of the fistula either by excising or by cauter- 
izing them (with a blunt galvano-cautery or thermo-cautery point) so as to 
fill the fistula up with new, firm scar tissue. Here again, however, if we are 
going to perform cauterization, there must be some remnant, even though 
a shallow one, of the anterior chamber present, as otherwise we should singe 
the anterior surface of the lens. 


It is usually hard to effect firm union in fistule of the cornea. If the fistula will 
not close at all, we may often attain success by sewing over the fistula a flap taken from 
the adjacent conjunctiva. The flap by growing fast to the surface of the scar, whose 
epithelium had previously been removed, closes the fistulous opening. Another pro- 
cedure consists in excising by means of the corneal trephine the fistula, together with 
the cicatricial tissue surrounding it, and implanting in the opening an equally large 
piece of healthy cornea (see § 851). 


213. (c) The treatment of ulcers in the regressive period, or period of 
cicatrization, should aim at filling the loss of substance completely with a 
resistant cicatrix, and at rendering the latter as transparent as possible. 
For the attainment of both objects irritants are employed. We begin cau- 
tiously with the weaker remedies, passing gradually, if these are well borne, 
to the stronger ones. One of the mildest of irritants is powdered calomel; 
more energetic is the action of the yellow-precipitate ointment (from 1- to 
4-per cent), the collyrium adstringens luteum,® tinctura opii crocata, and 
dionin. [Calomel and the yellow ointment can also be used with advantage 
in the earlier stages of corneal ulceration (see page 200).—D.] In applying 
the yellow-precipitate ointment, we insert it into the conjunctival sac with a 
brush or glass rod, and then by rubbing it about with the upper lid perform 
a sort of massage upon the clouded cornea. Another irritant remedy that 
is recommended is the application of hot steam (vaporization) or hot air 
(see page 56). It is advisable to continue the application of these irritants 
for a long time in order to secure the greatest possible clearing up of the 
cornea, but in so doing the remedies must be changed from time to time, as 
otherwise the eye gets accustomed to them and they lose their efficacy. 


2. Uleus Serpens Cornee 


214. Symptoms.—A recent ulcus serpens appears under the form of a 
grayish-white or yellowish disk, which occupies nearly the center of the cor- 
nea. The opacity of the disk is greater at its edges than in the center, and 
generally the edges themselves show a particularly well-marked gray or 
yellow opacity in one special direction. The disk is surrounded by a delicate 
gray area, and frequently fine, radiating, gray strive extend from the margin 


9 (See page 150.] 
10 Synonyms for ulcus serpens (Saemisch) are hypopyon keratitis (Roser) and abscess of the cornea 
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of the disk into the transparent part of the cornea. The surface of the cor- 
nea over the disk is dotted, and often at the beginning is raised some dis- 
tance above the level of the surrounding parts. Soon, however, this spot 
is seen to be depressed, although not with abruptly depressed ee as in 
the case of an ulcer, but rather under the form of a shallow dimpling. More- 
over, the rest of the cornea that is not occupied by the serpent ulcer proper 
is less lustrous, being covered with a delicate uniform cloudiness. These 
changes in the cornea are always associated with a violent iritis. The aque- 
ous humor is turbid, a hypopyon lies at the bottom of the anterior chamber, 
the iris is discolored and is fastened by posterior synechiz to the lens cap- 
sule. Corresponding to the severity of the inflammation is the violence of 
the irritative symptoms: slight cedema of the lids, intense injection of the 
conjunctival and ciliary vessels, photophobia, and pain, which latter often 
reach a very considerable height. Nevertheless there are also torpid cases, 
which are associated with very slight symptoms of irritation. 

215. The subsequent course consists in the enlargement, both super- 
ficially and in depth, of the serpent ulcer. The superficial enlargement 
takes place chiefly in that direction in which the margin is marked by a 
specially dense opacity—an opacity which not infrequently looks like a yel- 
low crescent placed upon the serpent ulcer. Inasmuch as the anterior lam- 
ell2 of the cornea within the region occupied by the ulcus serpens keep 
breaking down constantly more and more, there is formed an extensive 
ulcer, the floor of which is coated with pus. Soon after this, generally, those 
lamelle of the cornea which now form the base of the ulcer are also de- 
stroyed, so that an extensive perforation of the cornea is produced. The 
contents of the anterior chamber, consisting of aqueous humor and pus, are 
discharged, and a large prolapse of the iris forms. 

While the ulcus serpens is going through with its process of develop- 
ment, the accompanying iritis keeps on increasing in the same proportion 
up to the time of perforation of the cornea; the hypopyon, too, keeps grow- 
ing until it fills the greater part of the anterior chamber, and the pupil is 
closed by an exudation membrane. 

After the perforation of the cornea has taken place the irritative symp- 
toms generally abate and the suppuration may now come to a standstill. 
In other cases, however, the purulent disintegration of the cornea keeps on 
just the same, so that the latter is entirely destroyed, with the exception of 
a narrow marginal rim. Panophthalmitis even may result from the sup- 
puration passing over into the deep parts. 

An ulcus serpens always leaves a very dense corneal cicatrix which can- 
not be cleared up, and in which the iris is almost always incarcerated. Fur- 
thermore, in consequence of the iritis, there are usually left adhesions of the 
iris to the capsule (posterior synechie), and even a closure of the pupil by 
a membrane (occlusio pupille). The corneal cicatrix itself is in favorable 
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cases flat, in unfavorable cases ectatic, so that the ulcus serpens ends by 
forming a staphyloma. If panophthalmitis has followed upon the ulcus 
serpens, a shriveling up of the eye (phthisis bulbi) takes place. 

The clinical picture which is characteristic of ulcus serpens and by 
which the diagnosis is made is present only in the beginning of the disease. 
Its important features are the disk-like form and central situation of the opac- 
ity, the more pronounced opacity of the margin in comparison with the center, 
the character of the corneal surface, which, at the site of the ulcus serpens, shows 
only a shallow depression, and finally the early onset of hypopyon and iritts. 


Fig. 96.—Rercent Uncus Serpens. Magnified 355 X 1. 


An ulcus serpens developed from an erosion, the latter showing a faint gray cloudiness and, on 
the 3rd to the 4th day after it had started, getting a more pronounced gray border. Since such an early 
stage of ulecus serpens could not otherwise be had for anatomical examination, I inoculated the cornea 
of an eye that was destined for enucleation with a culture of pneumococci which had been made from 
a case of ulcus serpens. The eye was enucleated 3 days later; at the site of inoculation there was a 
gray infiltrate which rose somewhat above the level of the adjacent cornea and which had a more pro- 
nounced gray border like a recent ulcer. The cross section shows a plug consisting of the swollen upper- 
most layers of the cornea. In this lie only a few poorly stained (necrotic) pus corpuscles, and great 
quantities of pneumococci, which in particular quite fill up the large gaps visible in the plug. Bow- 
man’s membrane over the plug is also necrotic. At a the swollen masses push through the membrane, 
out upon the anterior surface of the latter, while the sharp edge of the plug juts forward like a wedge 
beneath the membrane. On the other side Bowman's membrane is wanting between 6b andc. Through 
this gap the epithelium d grows down into the deeper parts, and separates the necrotic plug sharply 
from the living corneal tissue. The lamelle of the cornea at the lower side of the plug are infiltrated 
with pus corpuscles whose number increases toward the border a. At this spot both in the necrotic 
border itself, and in the surrounding infiltrated lamellw of the cornea are present still living pneumo- 
cocci. Hence at this side an extension of the suppuration would be expected to take place 


The prognosis of ulcus serpens is always serious, as, on account of the 
malignancy of its course, it belongs to the most dangerous of the diseases 
of the eye, and, if not checked early, it generally ends by producing blind- 
ness through an incurable opacity of the cornea. And even in the favorable 
vases, Which either spontaneously or with the help of art come to a stop 
early, a dense, centrally situated opacity remains, so that usually the sight 
van be restored only by the performance of an operation (iridectomy). 

216. Morbid Anatomy.—Anatomical researches on human eyes affected 
with ulcus serpens give the following results: 


The pneumococci enter at the site of the superficial injury, then multiply, and cause 
a circumscribed necrosis of the cornea. About the necrotic plug (Fig. 96, ab) is found 
an infiltration with pus cells. The necrotic plug is approximately lenticular in shape, 
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its summit reaching to the surface of the cornea while its sharp edge pushes its way 
between the adjoining superficial layers of the cornea (Fig. 96 heneath a). Then the 
main body of the plug is exfoliated, so that a loss of substance is produced which does 
not look as deep as it really is (forms, indeed, simply a rippling depression), because 
the corneal lamelle forming its floor are swollen. The border of the plug, extending 
between the lamelle that are still preserved, or, in any event, the infiltration surrounding 
this border, remains, appearing in cross section as a wedge-shaped mass of cells, whose 
apex is directed toward the periphery of the cornea (Fig. 97, a and a;). In it lie pneu- 
mococei which are still living, and hence the infiltration keeps insinuating itself farther 
and farther along between the lamella of the cornea and as fast as it does so it first 
lifts and then detaches the overlying layers. It is this marginal zone of infiltration 
that corresponds to the yellow, progressive border which is visible clinically. The 
contrast between this border and the floor of the ulcer is soon heightened by the fact 
that the purulent masses are thrown off from the floor, so that the latter is made up 
of lamellz which are but little or not at all infiltrated, are swollen to form a homogeneous 
mass, and in distinction from the yellow border are but slightly cloudy. 


Fic. 97.—Uucus Serpens. Magnified 10 X 1. 


i rge, is still covered with pus in every part, and has a yellow border a ai, surrounding 
it on greg Tie ondes is elevated “melanie the anterior lamellw of the cornea are raised by the 
subjacent infiltration. Layers that are infiltrated with pus form the floor of the ulcer. The layers 
that sueceed these deeper down show, to be sure, no infiltration, but neither do they show any living 
corneal corpuscles, so that the cornea here is necrotic in its entire thickness. At the margin of the 
cornea there is marked infiltration beneath the limbus } bi, and under this lie living corneal lamelle 
presenting a moderate infiltration which only towards the most posterior layers c ci, becomes more 
marked. A posterior abscess is wanting in this case. 


In many cases of ulcus serpens the infiltration of the margin soon disappears at 
some portion of its circumference, so that the ulcer advances in one direction only. 
This progressive portion of the ulcer’s border then looks, not like a ring but a crescent 
(Fig. 98 A, a) applied to the disk-shaped ulcer, which itself is often so little clouded that 
one can scarcely recognize it except by the shallow depression that it produces in the 
surface of the cornea. In this case wherever in the living eye the yellow margin is 
no longer visible anatomical dissection shows the wedge-shaped infiltrate to be absent 
(Fig. 98 C, b). At this point the epithelium passes over the edge of the ulcer and out 
upon its floor, covering the latter in an irregular uneven layer, often as far as the 
advancing portion of the border. This fact explains why such ulcers give an almost 
mirror-like reflex. It would, however, be erroneous to assume that the portions of the 
cornea that have once more become covered in this way with epithelium have healed. 
Nature tries to cover every wound with epithelium as rapidly as possible, in order to 
protect it from the outside world. In such a case it often happens that the epithelium 
covers masses of dying tissue, and even masses of pus. So also in Fig. 98 ©, we see at a 
how the epithelium has grown over the advancing portion of the border, which is on 
the very point of disintegration. Moreover, those lamella of the ‘cornea that lie directly 
beneath the epithelium and form the floor of the ulcer are no longer capable of surviv- 
ing; they are swollen up, destitute of corneal corpuscles, and contain simply a few pus 
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cells. The deeper-lying lamell are apparently normal; but upon careful examination 
it is found that no corneal corpuscles susceptible of staining can be distinguished in 
them, so that they also in large part are on the way to destruction. Hence it is that 
although in ulcus serpens the purulent 
infiltration does not go very deep, 
nevertheless a much more extensive 
perforation of the cornea occurs than 
we should expect from the intensity 
of the inflammation. 

The changes which simultaneously 
take place at the posterior surface of the 
cornea contribute to the production of 
perforation. Here an accumulation of 
pus corpuscles takes place early, and 
these migrate toward the inflammatory 
deposit, making their way mainly along 
the posterior surface of Descemet’s 
membrane. They are derived from 
the vessels of the uvea, and chiefly 
from the vessels surrounding the sinus 
of the anterior chamber; and as proof 
of the origin, many of them contain 
small granules of pigment derived from 
the uvea. The pus corpuscles congre- 
gate to form a mass of pus upon the 
posterior wall of the cornea; they then 
penetrate into Descemet’s membrane 
and ultimately into the cornea itself. 
In this latter, therefore, there is formed 
a sort of posterior abscess (Fig. 98 C, e) 
at a point corresponding to the site of 
the ulcus serpens. Directly in front of 
this abscess lie those corneal lamellee 


ee. 98 “7 LeusSerPeNs. A, front view; 

B, vertical crosssection. Magnified 2.5 X 1.— 
C, longitudinal cross section. Magnified 20X1. 
In this, asin most of the cases of ulcus serpens 
that have been examined anatomically, the eye 
was affected with absolute glaucoma. The 
ulcer occupied about the center of the cornea; 
its upper, advancing border, a, was clearly rec- 
ognizable as a yellow crescent, while the lower 
border, 6, being but slightly opaque, did not 
specially stand out against thesubjacent masses 
of pus which lay in the anterior chamber and 
extended as low down as c. Farther below, 
between the cornea and the iris, is seen the 
hypopyon, the upperborder of whichis convex 
(A,d). Owing to the glaucoma, the iris has, 
\ Q : rather peculiarly, become adherent by its 
SS periphery to the cornea. e, posterior abscess 

in the cornea. 


Fia. 98. 


which, as already mentioned, are destitute of corneal corpuscles and are undergoing 
dissolution; and their necrosis in conjunction with the abscess gives rise to the per- 
foration of the cornea. 

The pus of the posterior abscess, which lies within the cornea itself, is in direct 
communication with the purulent masses that are applied to the posterior surface of 
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the cornea. These latter form coherent lumps (c, Fig. 98 C), which sink to the bottom 
of the anterior chamber until they unite with the hypopyon (d, Fig. 98 C) present there. 

The hypopyon has usually a border that in front view appears convex upward 
(Fig. 98 A, d). It is, moreover, agglutinated to the posterior surface of the cornea 
(Fig. 98 C, d), so that when we look into the anterior chamber from above we can see 
down between the hypopyon and the iris. 

The older authors were well acquainted with these appearances, but gave them a 
different interpretation. They regarded the thread of pus extending down into the 
anterior chamber as a hypopyon situated in the cornea itself, assuming that the pus 
settled down between the corneal lamelle. They explained the flattened shape of the 
hypopyon and the convex curve of its upper border as being due to the contracted 
space occupied by the pus inclosed between the corneal laniwlle. On account of the 
convexity of its upper border they compared the hypopyon to the lunule of the finger 
nail, and hence called it wnguis or onyx (nail). These expressions would therefore 
denote a settling of pus down between the lamella of the cornea—a phenomenon, how- 
ever, that does not actually occur. 

In the clinical examination of an ulcus serpens it is only by careful investigation 
with the loupe or with a corneal microscope, and not always even then, that we can 
discriminate between that part of the gray or yellow disk which lies in the cornea itself 
and that which lies on the posterior wall of the cornea, that is, in the anterior chamber. 
If the infiltrations of the anterior layers of the cornea, which constitutes the ulcus proper, 
and the posterior abscess—in case one is present, which is not always the case—and 
the masses of pus on the posterior surface of the cornea, le right behind each other, 
they in large part conceal one another. But often they are displaced laterally with 
regard to each other; the yellow pus on the posterior wall of the cornea projects on one 
side or even all around beyond the limits of the ulcer and makes the latter appear more 
extensive than it is. In cases in- which a large part of the anterior chamber is filled 
with pus it is absolutely impossible to determine the limits of the ulcer with certainty, 
since the ulcer does not contrast with the yellow background; it is only after the pus 
has been withdrawn from the anterior chamber by splitting the cornea that the limits 
of, the ulcer become evident. The faint gray circular line which not infrequently sur- 
rounds a small ulcus serpens at a certain distance from it is generally not located in the 
cornea itself but is the margin of a disk-shaped clot on the posterior wall of the cornea. 


217. Etiology.—An ulcus serpens originates in infection of the cornea 
by organisms (the pneumococcus) which set up in it a purulent inflamma- 
tion. Such infection presupposes two conditions: first, a lesion of the cor- 
neal epithelium, which in the normal state protects the cornea against the 
entrance of micro-organisms; and, second, the presence of pyogenic organ- 
isms which find their way to the spot where the epithelium is wanting. 
Both of these conditions occur in many cases of injury of the cornea. The 
body which inflicts the injury may itself be the carrier of infection and inoc- 
ulate the cornea with germs. Much more frequently the injury, by produc- 
ing a loss of substance in the epithelial covering, simply affords the oppor- 
tunity for the entrance of infection, the infecting germs being furnished by 
the secretion contained in the conjunctival sac. The injuries which in this 
manner lead tothe formation of the ulcus are, as a rule, very slight, consisting 
in a simple scaling off of the epithelium, such as is caused by a rough cloth, 
a leaf, or a branch grazing the cornea, small foreign bodies flying into the 
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eye, and scratches produced by contact with slivers of wood in those 
engaged in wood-chopping or fragments of stone in those engaged in break- 
ing stone. Even in those cases in which a typical ulcus serpens has appeared 
to originate spontaneously, it is probable that there has been an antecedent 
injury, since such slight injuries of the cornea as these are readily overlooked 
by the patients. In exceptional cases severe perforating injuries, and like- 
wise operation wounds, may also give rise to an ulcus serpens. Associated 
with the injury, and constituting the second factor in the production of 
ulcus serpens, is the presence of a chronic lesion of the conjunctiva (catarrh 
or trachoma), or an infection of the lachrymal sac (present in about one 
third of the cases of serpent ulcer), by which the infecting secretion is fur- 
nished. 

Typical ulcus serpens attack adults exclusively, and especially those 
belonging to the working class. These are more frequently exposed to 
injuries of all kinds, and, besides, more often suffer from neglected affections 
of the conjunctiva and lachrymal sac than do members of the well-to-do 
classes. Great heat favors the formation of ulcus serpens, which is hence 
much more frequent in the hot season than in winter. For this reason 
reapers are not infrequently affected with the disease, since in cutting the 
grain they scratch their eyes with its awns, and, besides, do their work dur- 
ing the hottest days of the year. Stone masons [and coal miners] also are 
particularly apt to be attacked by ulcus serpens. 

Ulcus serpens also occurs in acute infectious diseases, such as smallpox, 
scarlet fever, measles, typhus, ete. The form that results from variola is 
most frequently observed. In this case it makes its appearance not at the 
height of the disease but in the stage of desiccation, and, in fact, sometimes 
even in patients who have already left their beds. These variolous ulcers 
are found in children as well as in adults, and not infrequently affect both 
eyes so that total blindness may be produced by them. 

Since the ulcus serpens in variola develops such a length of time after 
the stage of eruption, it obviously cannot be regarded as a smallpox pus- 
tule that has been localized upon the cornea. Such pustules do occur, but 
only in the conjunctiva. It is true they may then, if they lie near the mar- 
gin of the cornea, give rise to a suppurative infiltration of the adjoining por- 
tions of the latter, but not to the typical picture of the centrally situated 
ulcus serpens. When the latter develops in the stage of desiccation of var- 
idla, it must be attributed, like a traumatic ulcus serpens, to an infection 
of the cornea from without. There is no lack of opportunity for such infec- 
tion to take place, since the free border of the lids is a favorite seat for var- 
iolous pustules, which thus can come into direct contact with the cornea. 

In typical ulcus serpens the pneumococcus is found so extremely often (Uhthoff 


and Axenfeld) that ulcus serpens has been called by the name of pneumococcus ulcer of 
the cornea. Exceptionally, it is true, other bacteria, above all the diplobacillus (that 
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of Morax-Axenfeld and a variety of it described by Petit), produce the clinical picture 
of ulcus serpens. That these germs found in ulcus serpens are really pathogenic for the 
cornea can be readily proved by making inoculations with them in the cornea of an 
animal, Traumatism alone, without infection, does not give rise to suppuration. We 
may cut, scrape, crush, or, inshort, mechanically injure, or even cauterize the cornea of 
an animal without getting any purulent inflammation of it; in every case simply a gray 
cloudiness develops, which generally disappears again quickly. But when, by repeatedly 
brushing the conjunctiva with nitrate-of-silver solution, we have artificially produced a 
conjunctival catarrh, and in this way have given the opportunity for the production of 
infection, we then see purulent infiltration follow upon these same lesions of the cornea. 
What is true of the cornea of animals is also true of that of man. Provided we avoid 
infection by cleanliness and antiseptic measures, we can with impunity subject the 
cornea to operations both light and severe; even crushing of the cornea, such as, for 

.example, is often enough produced in the expression of a cataract, does not always by 
any means lead to suppuration. But if we undertake the same operation in the presence 
of a conjunctival catarrh or a suppuration of the lach- 
rymal sac, we risk the loss of the eye from a purulent 
infection of the wound. 

In what way does infection of the cornea by pus 
germs lead to the development of a suppurative keratitis? 
We owe our knowledge in regard to these processes and 
the true explanation of them chiefly to the investiga- 
tions of Leber, who made inoculations of various kinds 
of germs upon the cornee of animals. The morbid 
processes that he observed to result from these inocula- 
tions he refers to the toxic effect which the products of 


the tissue metamorphosis of the germs induce. He 
assumes that the chemical substances produced by the 
germs exert upon the cell protoplasm an irritant action, 


Fie. 99.—InocuLaTion KeERATITIAS. 
(After Leber.) Magnified 3 x 1. 
Surface section through a rabbit's 

cornea into the center of which a di- 

lute suspension of staphylococcus 


aureus had been injected three days 
before. Inthe middle of the cornea is 
seen the mass of proliferating cocci, 
surrounded by a necrotic zone. This 
latter is bordered by a broad migra- 
tion ring, adjoining which below there 
is a second one, narrower and not 
complete. 


when but slightly concentrated, and, when more con- 
centrated, a paralyzing and ultimately fatal effect. 
When pus cocci are introduced into the cornea by in- 
oculation they first increase in number within the 
corneal tissue. Then the cornea for a certain distance 
about the colony of cocci dies, because the toxic substances excreted by the cocci are 
present within this area in a state of strong concentration. Accordingly, the colony of 
cocci now lies in the center of the necrotic area (Fig. 99). In the meantime violent 
inflammatory symptoms have made their appearance in the eye. The toxic substances 
by diffusion have reached the margin of the cornea, and there cause dilatation of the 
vessels and increased permeability of the vessel walls, entailing as a necessary conse- 
quence increased diapedesis of the blood-plasma. In addition to this diapedesis of 
serum an emigration of white blood-corpuscles also takes place from the vessels. This 
is effected by active movements of the leucocytes, which, irritated by the toxic sub- 
stances, emigrate toward the focus of inflammation (chemotaxis). This migration of the 
leucocytes may be explained in the following manner: The degree of concentration 
of the toxic substances diminishes gradually from the spot where the irritation origi- 
nates to the periphery. Hence, that side of the body of a leucocyte that is turned 
toward the starting point of the irritation is in contact with a more irritating fluid than 
is the side which is turned in the opposite direction. Hence the protoplasmic processes 
push out more on the former side than on the latter, and the whole cell consequently 
moves toward the source of irritation. The leucocytes, however, do not make their 
way into the necrotic district itself, the pus cells that are found there being such as have 
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emigrated from the conjunctival sac. In fact, the leucocytes derived from the margin 
of the cornea are paralyzed at the border of the necrotic area owing to the great degree 
of concentration of the toxic substances at this spot. Thus it happens that a constantly 
increasing number of cells are arrested at the margin of the necrotic spot and die there. 
In this way is produced the infiltration (or migration) ring, which is apparent to the 
naked eye. Now leucocytes have the property of dissolving by a kind of digestive 
action tissues in which they are present in large quantities. They effect by this means 
the exfoliation of the necrotic area, and give rise to a delimiting suppuration. The 
inflammatory phenomena in the cornea, consequently, appear under the guise of a proc- 
ess having a definite purpose to subserve, the principal end and object of which are 
to eliminate the necrotic area, and with it the morbific agents that it contains. But 
besides this the pus corpuscles, as experiment has shown, have the additional property 
of directly inhibiting the growth of germs, so that they oppose the diffusion of those 
organisms that may have chanced to grow out beyond the necrotic mass. 

Since the cornea is an organ which extends mainly in one plane, the migration 
zone does not form a spherical shell, but a ring. Yet, according to Leber, migration 
is not wanting on the posterior surface of the cornea also. The way in which this occurs 
is, that first the endothelium of Descemet’s membrane over the necrotic area becomes 
detached and a clot of fibrin is precipitated from the aqueous upon this portion of the 
posterior wall of the cornea. Then leucocytes migrate into the clot, so that soon a 
plug of pus can be seen on the posterior surface of the cornea at the site of the inocula- 
tion. This pus by sinking to the bottom of the anterior chamber forms the hypopyon. 

Leber’s experiments were all made upon animals, in which it is not possible to pro- 
duce a morbid picture perfectly similar to the ulcus serpens in man (see page 268). 

It is a striking fact that typical ulcus serpens is observed only on adults. In chil- 
dren neglected disease of the conjunctiva and lachrymal sac, which affords the material 
for infection of the cornea, is rare, and probably, too, the cornea in childhood is less pre- 
disposed to infection with pneumococci. However, it is not quite immune to it. Rare 
cases of pneumococcus ulcers do occur in children. These ulcers accordingly correspond 
to the ulcus serpens of the adult, and like it take a malignant course. They do not, 
however, have the typical appearance of ulcus serpens, perhaps on account of the tend- 
ency to marked swelling that the cornea shows in childhood, for they form large infil- 
trates which often are so greatly distended as to project above the surface of the cornea. 

_ They are uniformly gray or are yellow like pus throughout, and rapidly break down. 


218. Treatment.—In consideration of the rapid progress which an 
ulcus serpens-usually makes, and which threatens the entire cornea with 
destruction, a particularly prompt and energetic interference is required. 
The treatment is partly medicinal, partly operative. 

The medicinal treatment is the same as in pus-infiltrated ulcers of the 
cornea—namely, the application of a bandage, atropine, iodoform, moist 
and warm compresses,and subeonjunctival injections of mercury [oxycyanide]. 
A specific remedy is optochin (ethyl-hydrocupreine hydrochloride), which 
has a specially destructive action on pneumococci and which is applied 
either by instilling a few drops of a 1-per-cent solution every hour or by 
painting the ulcer with a 2-per-cent solution. Painting the ulcer with a 
20-per-cent zine solution has also been advised. At the same time, any lesion 
of the conjunctiva or lachrymal sac that may happen to be present is to be 
suitably treated. This treatment is only adapted to the case of small recent 
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ulcers without an excessively large hypopyon. It should be undertaken 
only under the condition that the disease is closely watched, so that in case 
the latter progresses in spite of it, we may immediately proceed to opera- 
tive treatment. 

Operative treatment must be initiated without delay in all severe cases 
of ulcus serpens, but is also required in the milder cases when they resist the 
mild treatment. It consists either in the cauterization of the ulcer by means 
of the actual cautery or in its incision. Cauterization is performed in the 
same way as in the case of progressive ulcers of the cornea; special atten- 
tion must be paid to the destruction of the progressive portion of the mar- 
gin. Cauterization has the advantage over incision of not causing a perfora- 
tion of the cornea, and hence of not giving rise to inclusion of the iris. It 
is suitable, however, only for those ulcers that have not yet undergone per- 
foration, and in which the hypopyon is not excessively large, for the latter 
is not removed from the eye by this method; it can disappear from the 
anterior chamber only by resorption. Incision of ulcus serpens (§ 847), 
beside dividing freely the corneal lamellz, which are saturated with pus, 
also effects the discharge of the hypopyon; it entails the disadvan- 
tage of a frequently extensive incarceration of the iris, which, however, 
would not have failed to occur without the operation, in those cases in which 
incision is indicated at all. Incision is suitable for very extensive ulcers, 
for those in which perforation is imminent, and for those which are associ- 
ated with a deep hypopyon. We should not let the matter rest with a 
single performance of the incision, but must every day separate anew with 
a blunt instrument the edges of the wound, which speedily reunite, and we 
must keep this up until the ulcer begins to grow clean. At the same time 
that this operative procedure is being performed, the medicinal treatment 
above mentioned must be continued. Perforation and prolapse of the iris, 
when once they have occurred, must be treated according to the plan that 
has been laid down for perforating ulcers (page 264). 

In ulcus serpens we may also curette the surface with a small sharp spoon. The 
loss of substance thus produced may be brushed over with antiseptic substances or 
with tincture of iodine. [Other methods that have been successful are iontophoresis 
with a 1-per-cent solution of zinc sulphate applied with a current of 2 M. A., and the 
injection of an autogenous serum derived from a blister raised on the patient’s body 
(Rémer).—D.] 

Prophylaxis against the formation of an ulcus serpens is possible in the sense of 
our being able to remove in season the source of infection, as, for instance, the secretion 
from a diseased lachrymal sac. If, in such a case, a small erosion of the cornea exists, 
this is to be treated with special care by the application of disinfectant remedies. 

In cases of variolous ulcers of the cornea, too, prophylaxis undertaken in season 
would often prevent the infliction of great injury. During an eruption of smallpox 
the lids are much swollen, and hence are not opened by the patient, and even the 
physician generally neglects to look at the eye from time to time. In that case, when 
the swelling of the lids goes down during the stage of desiccation and the patient opens. 
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his eyes again, the morbid process in the cornea is often already in progress, and we are 
just so much behindhand in undertaking the treatment. Horner, therefore, is right in 
demanding that a physician treating a smallpox patient should prevent the agglutina- 
tion of the lids by applying a pledget smeared with ointment, should examine the eyes 
every day, and should cleanse the conjunctival sac with antiseptic solutions. Careful 
watching will enable us to recognize the very commencement of the corneal disease, 
which in these early stages presents the most favorable conditions for treatment. At 
the time when smallpox was very widespread it formed one of the most frequent causes 
of blindness, so that about one third of all cases of blindness were produced by it. Since 
smallpox, owing to the introduction of vaccination, has become less prevalent, the 
blindness due to it has correspondingly diminished. Thus, in France, before the intro- 
duction of vaccination, 35 per cent—and after its introduction 7 per cent—of all the 
blind lost their eyesight by reason of smallpox (Carron du Villards). In Prussia, before 
the introduction of compulsory vaccination, 35 per cent—after its introduction 2 per 
cent—of all the blind people in the country were rendered so by smallpox. 

219. Keratomycosis Aspergillina——This variety of keratitis produced by mold 
fungi (Fig. 100) presents even upon external examination a clinical picture differing 
from that of the ordinary ulcus serpens. There forms in 
the central portion of the cornea an infiltrate which later 
undergoes superficial disintegration, and is distinguished by 


Fie. 100.—KeEratromycosis 
ASPERGILLINA. Natural size. 


The prickly fruit of a horse 
chestnut had fallen into the 
eye of the patient, a woman 
thirty-five years of age, four- 
teen days before. The fungus 
mass is surrounded by a ring 
of demarcation but is. still 
solidly connected with the un- 
derlying parts. Three small 
colonies of fungi have grown 


its peculiar, dry, crumbly surface. About this area a gray 
or yellow annular line of demarcation forms, which gradually 
deepens into a gutter and ultimately leads to the exfoliation 
of the inclosed portion of cornea, which in the meantime 
has become necrotic. The latter being thus detached en 
masse from the cornea, cicatrization of the resultant loss of 
substance ensues. Hypopyon is present, but the irritative 
symptoms are slight, and the whole course is very chronic. 
Examination of the sequestrum shows it to be permeated by 


almost up to the ring of 


1 the mycelium of the aspergillus fumigatus. It is probable 
demarcation. 


that, as a general thing, this fungus is carried into the cornea 
by the foreign body that caused the original injury. [Occasionally other mold fungi 
are present besides the aspergillus. The inflammation produced by the latter is not 
always chronic and may be slight.—D.] 

Keratitis Disciformis.—This is a keratitis that is allied to uleus serpens and con- 
sists in the development in the middle layers of the cornea of a gray, disk-shaped opacity. 
In the center of the disk a small, more deeply clouded speck is commonly observed 
(Fig. 101). The periphery of the disk is sharply delimited by a border of deeper gray, 
which in many cases is made up of concentric lines (Fig. 102). This disk-shaped infiltrate 
never becomes yellow nor leads to disintegration of the cornea; only exceptionally a 
small loss of substance develops over a circumscribed area. The irritative symptoms 
are mostly not pronounced, and hypopyon is absent or scanty. The course is protracted, 
as it takes one or more months for the eye to become free from congestion and for the 
infiltrate to be transformed into a corneal opacity which is permanent. In the course 
of the disease scattered, superficial or deep-seated blood-vessels often develop and 
extend into the infiltrate. The cause of the disease, just as in uleus serpens, is an infee- 
tion of the cornea from without, the central grayer speck representing the point of 
entry of the bacteria. The epithelial lesion that precedes the infection may often be 
attributed to a slight injury and in some cases to an antecedent herpes cornez febrilis; 
but in very many cases the cause remains unknown. 

Schirmer has observed a typical keratitis disciformis when the cornea had been 
infected by vaccine virus (keratitis post-vaccinolosa). This occurs most frequently in 
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persons who in nursing children that have been recently vaccinated have acquired a 
vaccine blepharitis (§ 591), from which the cornea has become infected. These cases 
represent, we may say, a milder form of the ulcus serpens of variola and are instructive 
in two regards. They show that without doubt the ulcus serpens of variola does not 
originate, as was formerly supposed, in a metastatie way, but by infection from with- 
out, probably from the lid margin. They further prove that keratitis disciformis is 
closely related to ulcus serpens; is, we may say, a milder form of the latter, in which 
the inflammation does not go on to suppuration—a fact which probably depends on 
the slighter virulence of the micro-organisms that have entered the cornea. 

Older authors, properly recognizing the relationship of keratitis disciformis to ulcus 
serpens (which they called abscessus cornew), gave the former the name of abscessus 
siccus, to denote an abscess in which suppuration does not develop. 

Keratitis disciformis has a certain resemblance to keratitis profunda (§ 242), in 
which also a deep-seated gray, non-ulcerating cloudiness develops in the center of the 
cornea. But this is composed of gray strize 
and specks and merges gradually into the 
transparent cornea. In keratitis disci- 
formis, on the contrary, the opacity ap- 
pears uniformly gray and only on strong 
magnification is resolved into very minute 
clear-cut, white, closely packed dots; more- 
over, it is very sharply demarcated from Fie. 101. Fie. 102. 
the healthy cornea by the gray circular line ,;Fi¢. 101,~ Keratitis Discirormis. Due to an 
along its border.  Keratitis disciformis Mio, 1027 Kesanmms, Diesrommis, Due fe 
should not be confounded with keratitis inner lower margin of the cornea are on the site of 
centralis annularis (see § 235). Wetiticapicde hye 

Annular Abscess of the Cornea.—This usually occurs after perforating injuries of 
the latter, and also after operations (especially cataract operations). No matter where 
the corneal wound that gives rise to it is situated, it develops in the central portions of 
the cornea as a yellow ring which is concentric with the limbus and is separated from 
it by a slightly cloudy marginal zone, 1 to 2 mm. broad. The ring itself has about the 
same width; the central portions of the cornea inclosed by it are again less cloudy and 
simply gray, not yellow. In the next few days, however, the yellow coloration spreads 
over the entire cornea; the latter disintegrates completely, and generally panophthalmitis 
ensues. Here accordingly we have to deal with an affection of the cornea of a peculiarly 
fulminating course, so that it is best to enucleate at once such an eye affected thus with 
annular abscess. Annular abscess may be caused by various bacteria; most often perhaps 
by the proteus fluorescens (Hanke) and the bacillus pyocyaneus. 


3. Keratitis e Lagophthalmo 


220. Keratitis e lagophthalmo originates in a defective covering of the 
cornea by the lids. The conjunctiva of the eyeball, wherever it lies con- 
stantly exposed to the air in the open palpebral fissure, appears reddened, 
and generally somewhat swollen as well. It secretes a small amount of dis- 
charge, drying upon the conjunctiva in crusts, which not infrequently also 
cover the exposed portion of the cornea. The latter is found to be dry on 
the surface, dull, slightly depressed, and at the same time clouded and gray. 
In the subsequent course of the disease the cloudiness becomes more and 
more intense, until finally disintegration of the superficial layers of the cor- 
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nea takes place, with the consequent formation of an ulcer (Fig. 103). At 
the same time there is iritis with hypopyon. The ulcer may heal without 
perforation, but leave an opacity behind it, or it may perforate the cornea, 
and thus lead to prolapse of the iris, or even to panophthalmitis. 


¥ic. 103.—KepRaTITIS E LAGOPHTHALMO. 


As a result of a healed caries of the upper and lower margins of the orbit, lagophthalmus had de- 
veloped with ectropion of the lower lid. The skin of the upper lid, below the middle portion of the 
eyebrow, is drawn up toward the upper margin of the orbit and is attached to the latter by a scar 
one cm. long. As a result of this the free border of the lid is drawn up at its central portion, but, what 
is of most importance, the lid is prevented from going down when the attempt is made to close the 
eyes. There is a second scar at the outer end of the lower margin of the orbit. This, indeed, is con- 
cealed by the margin of the lid, but by palpation through the lid it can be made out that there is 
an irregular notching of the otherwise sharp and smooth orbital margin. At the same spot, the border 
of the lid is attached to the bone and in such a way that the entire lid is drawn outward and down- 
ward and everted, particularly in its outer half, so that here the conjunctiva of the tarsus, being ex- 
posed to the air, is particularly swollen and reddened, and consequently appears dark in the drawing. 
The lower lid, being fastened down, cannot be raised when the attempt is made to close the eyes. Hence, 
even in sleep the lower part of the cornea between the two lids remains uncovered. This part of the 
cornea presents an oblong ulcer with yellowish-white border and an excavated and hence somewhat 
darker center. Above and below, an areolate gray opacity adjoins the yellow margin of the ulcer, 


upper 


! 
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Fia. 104.—Keratitis & LAGOPHTHALMO. 

Vertical section through the lower part of the cornea. The epithelium, e, has been retained only 
in the neighborhood of the limbus, but over the dried portion of the cornea, a, it has been exfoliated. 
This portion of the cornea is necrotic, and no longer displays any stained cell-nuclei. Under it there 
is an infiltration of the cornea with pus corpuscles. This infiltration increases rapidly toward the 
lower margin of the cornea, here, at 6, has already caused by liquefaction of the tissue a small loss of 
substance, and would later lead to elimination of the entire mass, a. Bellow b, a less marked infiltra- 
tion extends to the lower margin of the cornea. This corresponds to the gray areola which adjoins 
the yellow border (Fig. 103). There is furthermore an infiltration of the cornea with pus cells on the 
posterior surface, hh. This at present is inconsiderable, but in the subsequent course would increase 
Just like the infiltration on the anterior surface, and by growing out to meet this, would co-operate 
with it in producing disintegration of the cornea. 


The cause of keratitis e lagophthalmo is the desiccation of the cornea 
in consequence of the defective closure of the lids (lagophthalmus). Owing 
to this desiccation the corneal epithelium becomes fissured and desquamates 
in spots. Then germs migrate into the corneal lamellae thus exposed, and 
produce suppuration (Tig. 104). 
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The defective closure of the lids arises either from mechanical obsta- 
cles, such as contraction of the lids, marked protrusion of the eyeball, ete., 
or from paralysis of the pioulan palpebrarum. In high degrees of ee 
ophthalmus the cornea is uncovered all the time; in lighter cases, on the con- 
trary, in which the closure of the lids is not impossible but only impeded, 
the danger of desiccation taking place is particularly present during sleep. 
In daytime, owing to the feeling of dryness of the cornea, the act of winking 


is pretty frequently excited through reflex action, and thus the cornea is 


repeatedly moistened. But in sleep the reflex winking of the lids is absent, 
and hence the cornea is unmoistened by this means and becomes dry when- 
ever it lies exposed in the open palpebral fissure. The desiccation in this 
case always affects the lowermost part of the cornea, because in sleep the 
eyeball is turned upward, and hence the lower part of the cornea lies in the 
palpebral fissure. Here then an ulcer is produced which extends below as 
far as the margin of the cornea, while above it reaches a greater or less dis- 
tance, according to the extent to which the cornea is uncovered, and ends 
in a horizontal border. 

The same desiccation of the lowermost portion of the cornea occurs 
when the lids remain incompletely closed because the consciousness is 
clouded, as is the case in persons who, in severe diseases, lie unconscious 
for a long time. If such patients escape with their lives, they may have 
opacities of the cornea in both eyes in consequence of keratitis e lagoph- 
thalmo, or they may even lose their eyes altogether. 

The treatment consists in taking care that the cornea shall be covered 
by the lids. In this way the development of a keratitis is prevented by pro- 
phylaxis, or, if a keratitis already exists, the chief condition is afforded for 
its cure. We must accordingly initiate the proper treatment for the cure of 
the lagophthalmus (see § 614), and in the meantime, until a cure has been 
accomplished, take pains to effect a perfect closure of the lids by means of 
a properly applied bandage. In slight cases of lagophthalmus it is sufficient 
to keep the eye bandaged through the night only. But if the lagophthalmus 
is considerable, or if keratitis has already set in, the eye must be kept band- 
aged all the time. If the treatment is initiated early, the prognosis is good, 
inasmuch as the process comes to a standstill as soon as the desiccation of 
the cornea is arrested. 

4. Keratomalacia. 

221. Symptoms and Course.—Keratomalacia" occurs only in child- 
hood. The disease begins with night blindness (hemeralopia). This con- 
sists in the patient’s visual power being perfectly good in bright daylight, 
but so very greatly reduced when the illumination is diminished (e.g., in 
twilight) that he is often no longer in a state to go about alone. In very 
small children who do not go about alone yet, this symptom naturally can- 
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not be made out. In such children, the first thing that strikes us is the 
dryness of the conjunctiva, which next develops, and which appears under 
the form of triangular xerotic spots on bothsidesof thecornea (see page 219). 
The conjunctiva in these spots is covered with a fine white substance like 
foam, and, as the lachrymal fluid cannot moisten it, looks as if smeared 
with grease. The dryness extends rapidly over the rest of the conjunctiva 
and also over the cornea. The latter becomes dull, insensitive, and uni- 
formly cloudy. Soon the cloudiness in the center of the cornea increases, 
a gray infiltrate forming there. This spreads rapidly, takes on the yellow 
color of pus, and terminates in the disintegration of the cornea—a disinte- 
gration which, in bad cases, may take place within a few hours. In the 
beginning the affected eye is not discolored; afterward, when the cornea is 
already greatly involved, there appears about the latter a dusky venous 
injection. The lachrymal secretion is not increased, but rather diminished; 
moreover, other symptoms of irritation, like photophobia and blepharo- 
spasm, are slight or are wanting altogether. The striking contrast between 
the severity of the corneal affection and the insignificance of the accom- 
panying symptoms of irritation, together with the dryness of the eye, 
stamps the disease with quite a peculiar character. This affection usually 
attacks both eyes. 

Children suffering from keratomalacia show a disturbance of the gen- 
eral condition, which is generally pronounced even before the outbreak of 
the eye trouble, and which afterward grows still greater. The children 
become strikingly apathetic, have diarrhcea alternating with constipation, 
become rapidly emaciated, and often ultimately die either from exhaustion 
or from a complicating bronchitis or pneumonia. 

The prognosis in very small children is bad, as in some cases they lose 
not only their eyes, but their lives as well. In somewhat older children the 
disease runs a less severe course, so that they escape with their lives and 
get off with smaller or larger cicatrices of the cornea. 

222. Etiology.—Keratomalacia is the result of insufficient nutrition of 
the cornea. From this there results a necrosis either of the epithelium alone 
or of the corneal lamellze themselves, and following this in turn is an 
entrance of bacteria from without and hence suppuration. The reduction 
in the nutrition of the cornea is only one of the symptoms of a serious dis- 
turbance of general nutrition which also shows itself in the associated hem- 
eralopia. [The condition, in fact, is analogous to the much less serious idio- 
pathic hemeralopia occurring in adults and due likewise to general distur- 
bances of nutrition which diminish the sensitiveness of the retina to light 
(§ 569).—D.] Hence, keratomalacia develops, as a rule, in consequence of 
enfeebling influences affecting the children, and acting detrimentally upon 
their nutrition. Among these influences belong insufficient or unsuitable 
nourishment (rearing of children by hand), severe diseases like scarlet fever, 
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measles, typhus, etc., and particularly hereditary syphilis. The disease 
occurs in Russia much more frequently than with us, as there it attacks 
infants during and after the time of the great fast, because during this per- 
iod the mothers lose their milk in consequence of fasting. For a similar 
reason it is frequently observed in Brazil among the badly nourished chil- 
dren of the negro slaves. In exceptional cases, children previously healthy 
are from some unknown cause attacked by keratomalacia, to which ensues 
a rapid decline of strength with a fatal issue. True keratomalacia does not 
occur in adults, although the kind of hemeralopia that occurs with xerosis 
of the conjunctiva and also the marantic ulcer of the cornea (see page 261), 
which likewise occurs chiefly in poorly nourished persons, may be a milder 
form of the same disease. 

The chief task that treatment has to accomplish is to support the child’s 
strength by means of fitting nourishment. In addition we must try to stim- 
ulate the vitality of the tissue of the cornea, a thing best performed by 
means of moist warm compresses placed upon the eyes. If the apa- 
thetic little patients do not close their lids properly, the corneze must be 
protected from desiccation by bandaging the eye. 


Rats fed on a chemically pure nutritive mixture and distilled water die, the cornea 
in the meantime becoming first xerotic and then undergoing suppuration. The illness 
of the animals is probably caused by the absence from their food of certain substances 
(vitamines) essentia! for life. Perhaps the keratomalacia of children depends on a 
similar dietetic error. 

5. Keratitis Neuroparalytica 


223. Symptoms.—lIn this affection, which occurs in consequence of 
paralysis of the trigeminus, the cornea becomes dull and slightly cloudy. 
Then, beginning in the center of the cornea, a depression shows itself in the 
epithelium as if the latter in that spot had been exfoliated. This depression 
spreads more and more peripherally until finally the only portion of epi- 
thelium that is left of normal thickness, is a strip 2 to 3 mm. broad’at the 
margin of the cornea. This gives the cornea quite a peculiar appearance, 
such as is found in no other disease of it. In the meantime the cloudiness 
of the cornea also has increased. This is most marked in the center and 
there is uniformly gray; toward the margin it gradually decreases and may 
be resolved by the magnifying glass into separate macule. Subsequently 
the hue of the cloudiness becomes yellowish, hypopyon sets in, and ulti- 
mately the cornea in its center breaks down into pus. Thus a large ulcer 
forms, which cicatrizes with inclusion of the iris, and generally with flatten- 
ing of the entire cornea. Not all cases, however, run so severe a course; the 
keratitis may get well without the occurrence of any purulent disintegra- 
tion of the cornea, although there always remains an opacity of considerable 
dimensions, and often, besides, a flattening of the cornea. 

The course of the disease is slow, and is characterized by the slightness 
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of the associated symptoms of irritation. There is, indeed, marked ciliary 
injection but no lachrymation, since the secretion of the lachrymal gland, 
due to reflex action, is diminished or abrogated. Owing to the coincident 
paralysis of the trigeminus, pain obviously is altogether absent. 

The prognosis is unfavorable, treatment having very little influence on 
the course of the disease, which, whether the formation of ulcers does or 
does not take place, leads, almost without exception, to the production of 
a dense opacity over the entire cornea, and hence to an almost complete 
annihilation of the visual power. 

Keratitis neuroparalytica has its cause in a paralysis of the trigeminal 
nerve, which induces trophic disturbances in the cornea. The paralysis of 
the trigeminus also causes the simultaneous arrest of secretion of the lach- 
rymal gland as well as the absence of pain. The keratitis may set in no 
matter whether the lesion which causes the paralysis of the trigeminus 
affects the trunk of the nerve or its nucleus of origin in the brain. 

The treatment consists in the application of a bandage, warm com- 
presses, and atropine. Besides, we may try electricity, or, following Nieden’s 
recommendation, strychnine (3 to 5 mg. by hypodermic injection beneath 
the skin of the temple). 


224. Explanation of Neuroparalytic Keratitis and Allied Conditions.—The 
three affections of the cornea just described—keratitis e lagophthalmo, keratitis neuro- 
paralytica, and keratomalacia—have been’ frequently confounded with each other. 
Thus the keratitis e lagophthalmo, which makes its appearance in patients during the 
death agony, has been regarded as a keratitis neuroparalytica, i. e., as caused by the 
reduction of the nervous energy. Conversely, some have explained keratitis neuro- 
paralytica and keratomalacia as produced by desiccation of the cornea, and in this way 
have placed them in the same category with keratitis e lagophthalmo. 

The theory of keratitis neuroparalytica was founded by Magendie, who found that 
after section of the trigeminus in animals a keratitis made its appearance. He referred 
this to trophic disturbances. Snellen and Senftleben explained it as being due to injuries 
of the cornea, and Feuer as being due to desiccation of the latter; the lesion in either 
case being the result of the insensitiveness of the cornea. Feuer’s views have been 
shared by many authors, because in animals the movements of the lid are abolished 
and the cornea becomes dry on the side on which the trigeminus is divided. In oppo- 
sition to this it is to be remarked that in this case animal experimentation is not con- 
clusive in the case of man because:—(1) In man the reflex movements of the lids are 
always bilateral and hence take place as often on the side on which the trigeminus has 
been divided as on the other. (2) Neuroparalytie keratitis is observed even in cases 
in which either the eye has been protected by a bandage from the start (e. g., after 
extirpation of the Gasserian ganglion) or in which it has been kept permanently covered 
by reason of their being an associated ptosis. (8) The clinical picture of a genuine 
keratitis neuroparalytica is entirely different from that of keratitis e lagophthalmo. 

The disturbance of nutrition in the cornea produced by a trigeminal paralysis 
makes itself first apparent in the corneal epithelium. If in a ease of trigeminal paralysis 
in which the eye is still healthy, we hold the lids apart for one or two minutes with the 
fingers and thus prevent moistening of the cornea, small depressions, which soon enlarge 
and become confluent, appear in the epithelium. This takes place rapidly even when 
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the eye has been under a bandage up to the time the experiment is made, while a healthy 
eye does not show these pits at all or does so only after a long time. These pits prove 
a diminished resistance of the corneal epithelium to desiccation and consequently a 
disturbance of its nutrition which was present before the desiccation began. Dimin- 
ished moistening is, therefore, certainly more injurious for such eyes than for normal 
ones, and in fact we often actually see a genuine keratitis e lagophthalmo in cases of 
trigeminal paralysis when the eye has been exposed more than ordinarily to desiccation. 
For the same reason, too, bandaging of the eye is indicated and often has a good effect 
even in neuroparalytic keratitis at the outset. But, as above stated, neuroparalytic 
keratitis may develop even when the cornea is kept permanently covered. Desiccation, 
therefore, is to be regarded only as a favoring factor, not as the final cause of keratitis 
neuroparalytica. Such a cause is found in a disturbance of nutrition of the cornea 
(and particularly of its epithelium) produced by the loss of innervation. As a result 
of this disturbance of nutrition the resisting power of the cornea is so reduced that the 
latter is thrown into a diseased condition by external influences which are so slight 
that a normal eye would not have been injured by them. (Similarly in hemiplegia a 
bedsore sometimes develops with extraordinary rapidity on the side which is paralyzed, 
and is absent on that which is not, although it is exposed to the same pressure as the 
other.) That keratitis does not develop in all cases of trigeminal paralysis is no proof 
of the contrary of what is here stated. 

The confounding of the three forms of keratitis—keratitis e lage onenalng, keratitis 
neuroparalytica, and keratomalacia—with each other has been favored by the fact that 
they display various features in common. Among these are the dryness which the eyes 
exhibit, and also the insignificance of the irritative symptoms in comparison with the 
severity of the keratitis, an insignificance shown in the absence of increased lachrymal 
secretion, of blepharospasm, and often also of pain. And yet the dryness of the eyes in 
these three forms of keratitis is to be referred to very different causes. 

(a) In keratitis e lagophthalmo an actual desiccation of the cornea from evapora- 
tion exists. It affects only the exposed portion of the cornea, and may be relieved by 
closure of the lids. The desiccation in this case is the one cause of all the subsequent 
changes. 

(b) In keratomalacia the cornea is not actually dry, but only looks so, because 
the lachrymal fluid does not adhere to its surface. This dry appearance is present 
even when the eye is swimming in tears or when it is kept constantly closed; evidently, 
bandaging is of no effect against this sort of dryness. It is caused by the fatty character 
of the epithelial surface, which consequently is not wetted by the lachrymal fluid. 

(c) In keratitis neuroparalytica there is neither real desiccation of the cornea, as 
in keratitis e lagophthalmo, nor a peculiar fatty condition of its surface, as in kerato- 
malacia; on the contrary, the eye looks dry simply because, in spite of the marked 
inflammation of the cornea, the lachrymation, which we usually see under these cir- 
cumstances in other cases, is absent. The secretion of the lachrymal gland is in fact 
diminished or altogether abrogated; nevertheless, the moistening of the eye is quite 
sufficient, as indeed it is after extirpation of the lachrymal gland. 

The absence of marked symptoms of irritation, which characterizes these three 
varieties of keratitis, is accounted for in the keratitis e lagophthalmo of very sick people 
and in keratomalacia by the general depression of the vital forces, and in keratitis 
neuroparalytica by the insensitiveness of the eye. The irritative symptoms, which in 
other cases are put in action through reflex impulses originating in the sensory nerves, 
are absent in the case of paralysis of the trigeminus. 

The three forms of keratitis are hence, in spite of their external similarity, entirely 
different from each other, and can be readily differentiated by the clinical picture 
which they present. Keratitis e lagophthalmo occupies, as a rule, the lowermost part 
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of the cornea. Keratomalacia begins in the center of the cornea, and is found only in 
children who are the subjects of a rapid decline of nutrition. Finally, keratitis neuro- 
paralytica is characterized above all by the rapid exfoliation of epithelium over the 
whole extent of the cornea, and does not occur except in conjunction with a trigeminal 
paralysis which can be diagnosticated at once. 

The confusion between the three varieties of keratitis just described is further- 
more favored by their nomenclature. The designation keratitis xerotica, chosen by 
Feuer for the keratitis of desiccation (keratitis e lagophthalmo), would be quite a good 
one if it did not lead to confusion with simple local xerosis of the cornea on the one hand 
and on the other with keratomalacia, in which xerosis of the conjunctiva and cornea 
likewise exists. And, as a matter of fact, some authors designate keratomalacia under 
the name of keratitis xerotica. In order to avoid this confusion, I have dropped the 
expression keratitis xerotica altogether; and as I do not wish to increase the number 
of epithets still further by the invention of a new name, I use the old expression keratitis 
e lagophthalmo for the keratitis of desiccation. 


B. NON-SUPPURATIVE KERATITIS 
(a) SUPERFICIAL ForMS 
1. Pannus 


225. Pannus consists in the new formation of a tissue resembling gran- 
ulations beneath the epithelium of the cornea. Pannus is to be looked upon 
as an affection of the conjunctival layer of the cornea (conjunctiva cornes, 
see page 136), and in every instance is simply one of the symptoms of a 
conjunctival disease—that is, either of conjunctivitis trachomatosa or con- 
junctivitis eezematosa. We hence make a distinction between pannus tra- 
chomatosus and pannus eczematosus. For further particulars, see under 
these two diseases of the conjunctiva. 


2. Keratitis with the Formation of Vesicles 


226. Vesicles on the cornea are generally small, and are filled with a 
limpid liquid. The anterior wall is very frail, for it is formed simply by 
the epithelium of the cornea, which is lifted up from Bowman’s membrane 
by serum. More rarely larger-sized blebs (bullx) occur, the anterior wall 
of which then generally consists of new-formed connective tissue (Fig. 105) 
in addition to the epithelium, and is hence more resistant. The small vesi- 
cles are ordinarily present in some numbers, while the large blebs generally 
occur singly. Violent symptoms of irritation, such as ciliary injection, 
lachrymation, photophobia, and more especially great pain, are usually 
present during the development of the vesicle. These, doubtless, are caused 
by the pulling upon the corneal nerves which pass into the epithelium, and 
which, imthe process of formation of vesicles, are first stretched and finally 
torn in two. The irritative symptoms ordinarily disappear with the rupture 
of the vesicles. This occurs so quickly in the case of small vesicles that we 
generally do not get a sight of these themselves at all, but only of the sub- 
sequent small epithelial defects, to the margins of which the detached epi- 
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thelium still adheres in loose shreds. The large blebs, on account of the 
greater firmness of the anterior walls, are of longer duration. They are 
not tightly distended, but form a lax, tremulous, somewhat dependent sac. 
After their rupture the lax anterior wall still lies upon the cornea, and can 
be readily made out by the way in which it can be displaced by movements 
of the lids. The sensitiveness of the cornea to touch is ordinarily diminished 
or entirely abrogated in the cases with vesiculation. 

There are the following varieties of keratitis with vesiculation: 

227. (a) Herpes Febrilis Cornee (Horner).—In febrile diseases, espe- 
cially of the respiratory organs (most frequently in epidemic influenza, next 
oftenest in bronchitis, pneumonia, ordinary influenza, etc.), less frequently 
in other febrile diseases, like typhoid fever, intermittent fever, etc., small 
vesicles often make their appearance on the lips, the alee of the nose, the 
eyelids, the ears, etc.’ At the same time an eruption of small transparent 
vesicles, which are associated with violent symptoms of irritation, may 
occur upon the cornea. These are scarcely the size of a pin’s head, and are 
often disposed in rows or in groups. The vesicles very speedily rupture, 
leaving small abrasions, the floor of which shows a faint opacity. Generally 
these abrasions soon heal, so that after two or three weeks the disease is 
over, without leaving any lasting opacity of the cornea. In severe, and espe- 
cially in neglected cases, however, large corneal ulcers, which not infre- 
quently have a branching form (keratitis dendritica, see page 260), may 
develop from the small abrasions. 

There is no doubt that the vesicles upon the cornea are entirely anal- 
ogous to those that develop upon the skin. Just as the latter are generally 
present only upon one side of the face, so also the affection of the eyes is 
usually unilateral in its development, and is, moreover, confined to the 
same side as the vesicles upon the face. With careful treatment the prog- 
nosis is good, as in that case the disease generally gets well without leaving 
any opacity. The treatment is purely symptomatic, being that which is 
indicated for corneal ulcers generally—that is, in the main, the employment 
of a protective bandage and of atropine. [In accordance with the probable 
neuropathic origin of many of these cases, arsenic is often indicated (Ver- 
hoeff). 

_ Jontophoresis (page 58) with zine sulphate (14-per-cent solution) has been 
successful in some cases (Zahn).—D.] 

228. (b) Herpes Zoster Cornee.—This is one of the symptoms of herpes 
zoster ophthalmicus—that is, zoster which is localized in the region of dis- 
tribution of the trigeminus (see § 588). The cornea participates in the mor- 
bid process by forming small vesicles, which generally are arranged in 
groups and rupture speedily, as in the case of herpes febrilis. From the 


12 From ep7euy, to oar 
13 Hebra’s herpes facialis. r F 
4 or een, from éwotnp, girdle. We also speak of it as zona ophthalmica. 
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letter, however, herpes zoster is distinguished by running a considerably — 
severer course, since the irritative symptoms persist after the rupture of the 
vesicles, the parenchyma of the cornea becomes deeply clouded at the spots 
where the vesicles were situated, and iritis is added to the other symptoms. 
Sometimes a regular keratitis profunda develops (page 299). It takes a 
longer time for the opacities to disappear, nor is it always the case that they 
disappear completely. Theinsensitivenessof the cornea to touch is especially 
pronounced in herpes zoster. Reduction of the intra-ocular tension not 
infrequently exists so long as the inflammation is still recent; in other cases 
increase of tension sets in. The prognosis of this variety of herpes, from 
what has just been said, is less favorable than that of herpes febrilis; the 
treatment is the same. 

{lontophoresis with quinine is serviceable, particularly in reducing the pain 
(McNab).—D.] 

229. (c) Keratitis Vesiculosa (et Bullosa)—This variety occurs in eyes 
the cornea of which is more or less clouded and insensitive; in eyes with a 
large corneal cicatrix, or eyes which have been rendered blind by irido-cye- 
litis or by increase of tension. In such, with the accompaniment of violent 


Fie. 105.—Kerratitis Buttosa. Magnified 92 X 1. 


The small vesicles of herpes corner are produced by detachment of the epithelium alone from 
Bowman’s membrane, and since the corneal epithelium is quite delicate, are very evanescent. On the 
other hand, the larger bullw in keratitis bullosa form in cornesw which have been already diseased and 
in which there has been a new growth of fibrous connective tissue between the epithelium and Bow- 
man’s membrane. This connective tissue is detached together with the epithelium by fluid and gives 
greater stability to the anterior wall of the bulla. The above figure is taken from an eye rendered 
blind by irido-cyclitis. Bowman’s membrane, b, covering the stroma of the cornea, S, is stained dark 
because it is filled with lime granules corresponding to the zonular opacity of the cornea which is present 
(page 310). The epithelium, £, is detached over the area of half a millimetre. At the highest point 
of the bulla it is thin, and on its posterior surface lies the new formed connective tissue, n. 


inflammatory symptoms, either vesicles which are small and of short dura- 
tion form upon the cornea (keratitis vesiculosa), or large tremulous bullae 
may develop, which last for several days before they rupture (keratitis bul- 
losa; Fig. 105). In all cases the vesicles show a great tendency to take on 
frequent recurrences, in each of which the irritative symptoms set in anew. 

The cause of the formation of vesicles appears to lie in the abnormal 
conditions of lymph circulation that are without doubt present in such 
eyes. By stasis of ‘the lymph aodema of the cornea is produced; the 
cedematous fluid penetrates forward until it gets beneath the epithelium, 
and then lifts the latter up in spots from Bowman’s membrane. 

The prognosis is so far unfavorable in that the disease frequently 
recurs, on which account the affected eye, besides being useless for purposes 
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of vision, is the source of constant discomfort to the patient. Treatment 
should aim at relieving the condition of irritation produced by the eruption 
of vesicles, and at preventing the recurrences. The former object is attained 
by opening the vesicles, the smaller ones being pricked, and in the case of the 
larger ones the anterior wall being removed. When the vesicles recur fre- 
quently at the same spot we must try to modify the character of the base 
from which they develop. We remove the epithelium and also any deposit 
that may chance to be present in Bowman’s membrane by shaving off the 
most superficial layers of the cornea, which we then paint with tincture of 
iodine. If nevertheless recurrences set in we may, in order to obtain a 
deeper effect, cauterize the surface of the cornea lightly with the galvano- 
cautery loop. Sometimes we can check the recurrences only by an iridec- 
tomy; and we may actually have to enucleate the eye in order to give the 
patient ease. 


230. Other Forms of Vesicular Keratitis.—Apart from the forms above described, 
the formation of vesicles upon the cornea is further, in rare cases, observed under 
special conditions—e. g., as a result of the action of various, and particularly of corrosive, 
substances upon the cornea, after burns, after a cataract operation beneath the bandage, 
etc. For the vesicles that usher in fresh recurrences of former erosions of the cornea 
see page 305. Cases also occurin which, without known cause, there develop upon a 
perfectly sound cornea vesicles or bulle the formation of which we are inclined to 
attribute to nervous influences, as we do also in herpes febrilis and herpes zoster. 
Cases of this sort are usually characterized by periodical recurrence. One old lady for 
twelve years suffered from occasional attacks of inflammation in her eyes, which other- 
wise were sound. The inflammation occurred once or twice a year, and affected some- 
times one eye, sometimes the other. It was associated with violent pain, great photo- 
phobia, and profuse lachrymation. In the first days of the attack the only things found 
were cedema of the lids, great ciliary injection, and a cornea covered with minute eleva- 
tions, as if it had been strewn with sand. Then a large transparent bulla developed 
upon the cornea, after the rupture of which the inflammatory symptoms rapidly abated 
and the epithelial defect healed without leaving a trace behind. [An allied condition is 
superficial linear keratitis (page 260), which also tends to recur and is undoubtedly 
neuropathic.—D.] 

231. Keratitis Punctata Superficialis—This is a form of superficial keratitis 
related to herpes febrilis corner, but not associated with the formation of vesicles. It 
begins with the symptoms of an acute conjunctivitis. 
Either at the same time or not till some days or weeks 
afterward there are observed extremely minute dots which 
can be seen only with a magnifying glass and which within 
a few days grow to form faint gray round spots (Fig. 106). 
These are sometimes only ten to twenty in number, 
sometimes very abundant—upward of a hundred. As in 
the case of herpes febrilis these are often arranged NM py¢ 106—KprRatiTIs PUNCTATA 
groups or in short rows. In every case, however, the mar- SUPERFICIALIS. 
ginal portions of the cornea are the part least covered by the spots. The spots lie in the 
most superficial layers of the cornea, which latter looks dull because the epithelium over 
the spots bulges out in the form of a nodule. The irritative symptoms soon vanish, 
but the spots, as well as the punctate look of the corneal surface, generally remain for 
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months almost unchanged, and then very gradually disappear. If the spots are not 
numerous, the sight remains undisturbed; if, however, many spots are present, particu- 
larly in the center, the acuity of vision is considerably reduced. Keratitis: punctata 
superficialis is found most frequently in young people, and affects sometimes one, 
sometimes both eyes. It often begins at the same time with a catarrh of the air passages, 
just as herpes febrilis corner does, but is distinguished from the latter mainly by the 
absence of the formation of true vesicles. Hence, too, in keratitis punctata superficialis 
the superficial losses of substance which develop from the vesicles in herpes are wanting, 
and for the same reason the formation of ulcers in this variety of keratitis is observed 
only as a rare exception. 

232. Filamentary Keratitis.—In various slight, superficial affections of the cornea, 
in which its epithelium is affected, we observe that fine filaments are formed, which 
adhere by one end pretty firmly to the surface of the cornea, while the other end, which 
is often swollen in a club shape, hangs down free (Leber, Uhthoff, Fischer). The fila- 
ments are produced by a process of outgrowth from the epithelial cells of the cornea 
(Hess, Nuel). 


(b) DrEp Forms oF NON-SUPPURATIVE KERATITIS 


233. These forms have as a common characteristic the development of 
an infiltrate in the middle and deep layers of the cornea, an infiltrate, how- 
ever, which shows no tendency toward purulent disintegration, but—gen- 
erally not till after existing quite a while—disappears again by resorption. 
When this takes place, the cornea in favorable cases clears up again com- 
pletely, while in other cases opacities of a varying degree of intensity are 
left, and are sometimes even accompanied by flattening of the cornea. In 
keeping with the deep position of the infiltrate in the cornea, the uveal 
tract and especially the iris and ciliary body are almost always implicated. 


3. Parenchymatous Keratitis. 


234. Invasion.—This affection may run its course in two ways, accord- 
ing as it begins in the center or at the margin of the cornea. If the disease 
invades the center of the cornea first, we see small, dim, gray maculze making 
their appearance in this situation, and lying in the middle and deep layers 
of the cornea; the surface of the latter is lusterless and dull. The number 
of macule gradually increases, so that they keep extending farther and far- 
ther toward the margin; but they are always massed most thickly in the 
center, where they frequently become confluent. Since even between the 
maculze the cornea is not clear, but shows a fine diffuse cloudiness, the 
entire cornea may in severe cases get to look uniformly gray, like ground 
glass. As soon as the opacity of the cornea has advanced somewhat farther, 
vascularization begins by the penetration of vessels into the cornea from 
different spots upon the corneal circumference. We see the vascular trunks 
coming out from beneath the limbus, because—as opposed to the vessels in 
pannus—they arise from the deeply situated vessels of the adjacent sclera 
(Figs. 85 and 86). They branch in tufts, like a brush, in the deep layers of 


1 Synonyms: keratitis interstitialis, keratitis profunda, keratitis diffusa, uveitis anterior. 
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the cornea, and often appear quite indistinct and of a dirty-red or grayish- 
red color, because they are covered by the clouded superficial layers of the 
cornea. 

In those cases in which the disease begins at the margin of the cornea, 
the first thing that strikes us is that the latter has grown lusterless and 
clouded at some spot upon its margin. The cloudiness is deeply situated, 
and when regarded with the naked eye looks uniformly gray, but with the 
magnifying glass can generally be resolved into separate macule or dim 
parallel streaks. Soon similar areas of cloudiness appear at other spots of 
the corneal margin, and then push their way forward concentrically from 
all sides toward the center of the cornea. Simultaneously with the appear- 
ance of the marginal opacities the corresponding portions of the limbus 
become injected and the vessels of the corneal margin begin to grow out. 
The formation of vessels, as far as it originates in the network of marginal 
loops in the limbus, soon comes to an end, so that the limbus advances only 
a little way out upon the cornea, where it looks red and swollen (‘‘epaulet- 
like” swelling of the limbus). While this swelling soon goes down again, 
the deep vessels, which come out from beneath the limbus, grow farther and 
farther into the cornea, and follow closely upon the opacity which advances 
in front of them; it looks as if they were pushing the opacity before them. 
These vessels have, as in the case of those of the first form, the characters 
of deeply situated vessels, shown by their broom-like branching and by their 
dull, dead, grayish-red hue. 

When parenchymatous keratitis has attained its acme, the cornea is 
often so opaque that we scarcely recognize the iris through it. At the same 
time it loses its luster completely, so that it looks as though smeared with 
grease (with the magnifying glass we recognize numerous minute elevations 
of the epithelium, which make the surface of the cornea rough, as if made of 
fine shagreen). Sight is so reduced that the patient can only count fingers 
held very close to him, or, still worse, can only recognize the movement of 
the hand before his eye. Now gradually the process of recovery begins, 
starting from the margin, where the cornea first becomes transparent again, 
while at the same time the vessels grow constantly fewer and fewer. The 
center of the cornea remains opaque the longest, but finally clears up, too, 
until only a fine diffuse cloudiness remains, which causes but little impair- 
ment of sight. This cloudiness, together with a few very minute blood-ves- 
sels which are visible only with the magnifying glass, can still be made out 
years afterward, and are certain signs of the previous existence of a paren- 
chymatous keratitis. 

235. Among the more frequently occurring variations in the clinical 
picture of parenchymatous keratitis the following may be mentioned: 

In that form which begins with macule in the central portions of the cornea it 
not infrequently happens that the macule at a certain distance from the center are 
particularly dense, and thus form a very opaque ring, which in the subsequent course 
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contracts more and more toward the center of the cornea (keratitis centralis annularis 
of Vossius). Allied to these cases are those in which the central part of the cornea 


becomes particularly opaque through the confluence of the macule, which form a white 


disk pretty sharply separated from the less opaque, marginal portions of the cornea. I 
have seen several cases in which this central opacity remained permanently after the 
marginal portions had cleared up, and formed a dense, white, sharply circumscribed 
spot in the center of each cornea, just as if there had been a deeply penetrating central 
ulcer. 

Sometimes the distribution of the infiltration in the cornea is such that the densest 
opacity occupies the lowest part of the cornea, as if the products of inflammation had 
arranged themselves there in obedience to the law of gravitation. In that case the 
opacity! is bounded above by a convex line, or it forms a triangle, the base of which 


Fic. 107.—ParencuymatTous Kerartitis. Magnified 7 X 1. 

The patient, a girl of nineteen, had already passed through one attack of parenchymatous kerati- 
tis six years before. This recurred, the cornea became ectatic, increase of tension set in, and as the 
result of this the eye became entirely blind. Since the eye was inflamed and painful all the time, it 
was enucleated at the patient’s own wish. At the time of enucleation, the cornea was densely per- 


meated with little white spots which were situated in the middle layers of the cornea, and the latter 
was consequently so opaque that the iris could not be seen through it. In the preparation, contrary 
to the usual relations, the cornea is seen to be somewhat thicker in the center than at the edge. To 
these clinically demonstrable white spots correspond small foci, consisting of uninucleated round cells. 
These foci are largest and most numerous in the middle layers of the cornea. At the margin of the 
cornea are to be seen, even in the anterior layers, files of cells accompanied by new formed vessels. At 
the upper margin of the cornea, 0, there is situated a small episcleral inflamms itory focus. Near the 
lower margin of the cornea at x, there is a mass of exudate (prec ipitate) on the posterior surface of the 
cornea. The iris, as is the rule when there is an increase of tension, is adherent to the cornea by its 
periphery, and henee is driven bodily forward, so that it no longer is in contact with the lens. The 
marginal portion of the iris which is adherent to the cornea is very much thinned by atrophy and at 
the lower side, wu, is pushed somewhat into the also attenuated sclera (beginning of an intercals ary 
staphyloma). The free portion of the iris is rather less atrophic, and both in its upper and lower part 
contains an inflammatory nodule, which like the nodules in the cornea, consists simply of uninuclear 
cells. The ciliary processes are well preserved. They are at a greater distance than normal from the 
margin of the lens, because, owing to the increase of tension, the eye as a whole has become somewhat 
enlarged but the lens has not shared in the enlargement. 


corresponds to the lower margin of the cornea, while its apex looks upward. The per- 
manent opacity that results from this has the greatest similarity to those triangular 
opacities in the lower part of the cornea which are left by an irido-cyclitis, when an 
exudate at the bottom of the anterior chamber has remained deposited for a pretty 
long time upon the posterior surface of the cornea. 

In irido-cyclitis resulting from acquired syphilis it not infrequently happens that 
isolated gray specks appear in the middle and deep layers of the cornea. These have 
been described by Mauthner, Hock, Purtscher, and others as keratitis punctata syphilitica. 
This is distinguished from keratitis punctata superficialis (page 287) not only by the 
etiology, but also by the situation of the specks in the deep layers of the cornea, and 
might therefore be appropriately characterized as keratitis punctata profunda. 
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236. Morbid Anatomy.—Anatomical examination of an eye affected with paren- — 
chymatous keratitis shows small foci of inflammation which correspond to the gray 
specks seen on clinical inspection and which are formed by an accumulation of uninuclear 
leucocytes in the middle and deep layers of the cornea. Similar nodules may also be 
found in the anterior portions of the uvea (iris, ciliary body most anterior part of the 
chorioid—see Fig. 107). The nodules sometimes contain giant cells, but yet are not 
typical tuberculous nodules. It may chance that disintegration of the corneal substance 
itself occurs at the site of the nodule, but there is not the caseation that is characteristic 
of tuberculosis. In the case represented in Fig. 108, instead of discrete nodules there 
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4 Fic. 108.—Cross SecTIoN THROUGH A CORNEA WITH PARENCHYMATOUS KuratiTis. Magnified 100 X 1. 
(After a preparation of Dr. Nordenson’s.) 


| The stroma, S, of the cornea shows an infiltration, which begins in the middle layers, and keeps 
on increasing more and more posteriorly, so that the deepest layers, a have assumed the aspect of a © 

; granulating tissue. On account of the inequality in the degree of thickening of these layers, Desce- 
- met’s membrane, D, is undulated; upon its endothelium there are deposited in places small accumu- 
lations of round cells, r. In the middle and deep layers of the cornea we see the transverse and longi- 
tudinal sections of newly formed blood-vessels, g, g, while the most anterior layers, and also Bowman’s 
membrane, B, and the epithelium, #, are normal. 

was a uniform dense infiltration of the most posterior layers of the cornea, so that 
the latter looked as if transformed into granulating tissue; furthermore, numerous 
new-formed blood-vessels (g) were seen in the most posterior and the middle layers. In 


deep-seated infiltration destruction of Descemet’s membrane sometimes occurs in spots. 
237. Course.—Parenchymatous keratitis always runs a chronic course. 

The inflammatory symptoms keep on increasing for one or two months, 
until the disease has reached its acme. Then the irritative symptoms very 

. soon abate, and the process of clearing up of the cornea makes at first rapid 
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progress. Afterward, however, it goes on more slowly again, and the center 
of the cornea in particular remains for a long time opaque, so that sight 
is not restored until late in the disease. It takes from half a year to a 
year, or even more, for the cornea to acquire the full degree of trans- 
parency which it is possible for it to assume with an inflammation of the 
given intensity. 

All the cases do not run their course in the way described. There are, 
for example, many lighter cases in which the changes do not go far, and 
which hence, too, are completed in a shorter time. Thus the process may 
go no further than the formation of a few macule, which gradually disap- 
pear again without the associated inflammatory symptoms being at any 
time marked. If the opacity begins at the margin of the cornea, it often 
remains confined to that section of it from which it originally started. In 
that case, if it pushes its way farther from the margin toward the center, 
only a sector, and not the entire cornea, is rendered opaque. Conversely, 
there are also very severe cases in which dense opacities remain as a perma- 
nency. Again, owing to the inflammatory infiltration, softening of the cor- 
nea may be produced, so that the latter gives way before the intra-ocular 
pressure, and keratectasia develops; in this case also the cornea remains per- 
manently opaque, and to quite a marked degree. The worst cases are those 
in which, by subsequent shrinking of the exudate, the cornea becomes flat- 
tened, densely opaque, and of a tendinous appearance, in which case the 
sight is nearly or quite lost. 

Just as great variations exist in regard to the density and extent of the 
infiltration, so they do also in regard to the vascularization. In many cases 
the cornea is so abundantly vascularized that it looks like a red cloth; in 
others, on the contrary, it is almost devoid of vessels, and is like white 
ground glass. Lying between these extremes are numerous cases in which 
vessels develop from only single spots upon the corneal margin, so that sim- 
ply a sector of the cornea looks red, or so that only single tufts of vessels 
are discoverable. Hence we may distinguish between a vascular and a non- 
vascular form, according to the relations of the vessels. It must be 
remarked, however, that even in the non-vascular form one or two vessels 
can generally be made out with the aid of the magnifying glass. 

When we consider how the cases vary both in respect to the opacity 
and to vascularization, we comprehend why parenchymatous keratitis 
should present a very varying clinical picture, and hence often offer diffi- 
culties in the way of diagnosis for the beginner. But we shall generally be 
able to make the diagnosis with certainty if we hold fast to those symptoms 
which are common to all the cases—namely, the deep situation of the opac- 
ity and of the vessels, the typical increase in the infiltration up to a certain, 


usually considerable, degree, and finally the absence of purulent disintegra- 


tion, so that the formation of ulcers [practically] never takes place. 
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he vessels in parenchymatous keratitis generally lie in the deep layers. Yet 
it often enough happens that we find, especially with the aid of the magnifying glass, 
a few vessels also which evidently arise from the network of marginal loops or from 
larger conjunctival blood-vessels, and which therefore lie superficially in the cornea. 
All vessels tend toward the center of the cornea, but do not generally reach it, so that 
here a roundish spot of the size of a millet seed or more remains unvascularized. The 
vascular portions of the cornea look red, and if the vessels are abundant, rise above 
the level of the non-yascular center; the latter, accordingly—which, in consequence 
of the marked infiltration, is gray or even yellowish gray—is depressed. We must 
not on this account allow ourselves to be misled and consider the depressed gray spot 
as an ulcer, for parenchymatous keratitis does not, as a general thing, lead to ulcera- 
tion. Exceptions to this rule, though rare, do, however, occur. I have seen, in fact, 
two cases in which perforation had taken place in the center of the cornea, 


238. Symptoms, and Complications.—Parenchymatous keratitis is 
accompanied by irritative symptoms of inflammation, such as pain, photo- 
phobia, and lachrymation. These are sometimes very slight, sometimes 
violent; in general we may say that they are more pronounced, the greater 
the amount of vascularization with which the keratitis is associated. Fur- 
thermore, parenchymatous keratitis is almost always complicated with 
inflammation of the uveal tract. In the lightest cases there is merely hyper- 
zemia of the iris, which makes itself apparent by the failure, complete or 
nearly so, of the pupil to dilate under atropine. In severe cases there is 
irido-cyclitis, which may lead to the formation of posterior synechiz, the 
formation of deposits upon the posterior surface of the cornea, and seclu- 
sion and occlusion of the pupil. In particularly bad cases a plastic irido- 
cyclitis develops, which terminates in flattening of the cornea, or even in 
atrophy of the eyeball. 

Parenchymatous keratitis generally attacks both eyes, and more fre- 
quently both in succession than both at once. Sometimes there is even an 
interval of several years between the involvement of the two eyes. Recur- 
rences of the disease take place, but are not common. 


The uvea is practically always implicated in parenchymatous keratitis. Tobe sure, 
the participation of the uvea in the inflammation is not by any means equally pronounced 
in all cases. Minute deposits, which are discovered in making a careful examination 
of the cornea with the magnifying glass at the time when the opacity is resolving, are 
scarcely ever wanting. Besides these, the most frequently occurring complications are 
posterior synechiz and also chorioiditie foci; hypopyon, on the other hand, is extremely 
rare. In many cases the part that the uvea takes is so slight as not to be clinically 
demonstrable; in other cases, on the contrary, it is so very prominent, as compared 
with the process in the cornea, that what we have before us is really an irido-cyclitis— 
the implication of the cornea being evidenced only by the presence of a few spots of 
opacity in its deep layers. Thus there is a continuous series of intermediate forms 
between typical parenchymatous keratitis and irido-cyclitis e lue hereditaria. [When 
both uvea and cornea are markedly involved the condition is often called wvettis anterior. 
This disease has the characters of a chronic iritis (see § 374) combined with ‘a marked 
keratitis and sometimes with a deep scleritis as well. It is extremely chronic, and is 
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undoubtedly of constitutional origin, probably often being due to tuberculosis, although 
in many cases the cause is obscure.—D.] 

The anterior chamber in parenchymatous keratitis is often found to be deeper 
than usual, a circumstance which should not, however, be referred without further 
consideration to an ectasis of the cornea, a thing which occurs quite rarely. On the 
contrary, the cause of it ordinarily is a recession of the iris due to the increased accu- 
mulation of the aqueous—an accumulation to which both the irritated state of the 
uvea and the altered conditions of filtration may contribute. 

Often it is impossible to obtain an adequate dilatation of the pupil with atropine, 
even though no evident signs of iritis are present. It seems that in these cases the 
atropine does not diffuse through the inflamed cornea to the same extent as it does 
through a sound one, so that it does not in fact get into the aqueous in sufficient quantity 
to dilate the pupil. 

The intra-ocular pressure not infrequently shows an alteration in parenchymatous 
keratitis. Generally, it is diminished so that the eye appears softer, although we need 
not therefore imagine that an atrophy of the eyeball is beginning. An increase of 
tension is but rarely observed, occurring for the most part only when the keratitis has 
induced ectasis of the cornea. In that case sometimes it does not occur until years 
after the inflammation has run its course. I have seen this even in those cases in which 
no ectasis of the cornea has been left. 

Many cases of parenchymatous keratitis are accompanied by chorioiditis. This 
is localized in the most anterior segment of the chorioid (chorioiditis anterior), which 
is covered with numerous—in most cases black—spots. This variety of chorioiditis 
would probably be set down among the most frequent symptoms accompanying paren- 
chymatous keratitis if the examination with the ophthalmoscope, and hence the deter- 
mination of the presence of chorioiditis, were not rendered impossible while the in- 
flammation lasted by the cloudiness of the cornea. The making of this examination 
and diagnosis can be done only when the cornea has cleared up once more after the 
inflammation has run its course. It is also often possible to make out the existence of 
peripheral chorioiditis in the other, as yet uninflamed eye. 

Another and rarer complication of parenchymatous keratitis is a diffuse scleritis 
in the region surrounding the cornea. This may subsequently give rise to ectasize of 
the sclera. 


239. The prognosis of the disease, from what has been said, is unfavor- 
able as regards its duration, inasmuch as it drags on for months and years, 
especially if the two eyes are successively attacked. On the other hand, the 
prognosis in regard to the ultimate outcome must be put down as good, 
because in by far the greater number of the cases a good, or at least service- 
able, degree of sight comes back. By holding up this prospect of recovery 
the physician must keep up the courage of his patient, who, because of the 
slow progress of the disease, is very apt to lose all hope of a restoration of 
his sight. 

240. Etiology.—Parenchymatous keratitis is a disease of youth, 
appearing, as a rule, between the sixth and the twentieth year of life. It is 
only the exception that persons before or after this age (sometimes even 
after the thirtieth year) are attacked. The female sex suffers from it more 
frequently than the male. The ordinary cause of the disease is syphilis, and 
especially hereditary syphilis. To prove the existence of hereditary syphilis 
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from the history of the case directly—i.e., by getting the father or mother 
to confess to syphilis—is often a difficult thing to do. Besides, in most cases 
it is not at all necessary, since hereditary syphilis can generally be recog- 
nized with sufficient certainty from a series of symptoms. In that case, we 
abstain from questioning the parents in regard to this matter, the more so 


since it would be a severe reproach to them to have to recognize in their own 


persons the cause of their children’s illness. On the other hand, it is a good 
thing to determine by questioning whether many children have died in the 
family (the mortality of the children of syphilitic parents amounts, on an 
average, to 50 per cent), whether premature labors, snd especially those in 
which the foetus was dead or putrefied, have not occurred, ete. 

The symptoms of hereditary syphilis which patients with parenchyma- 
tous keratitis frequently exhibit are as follows: 

1. A peculiar formation of the face and cranium. The upper jaws are 
markedly flat, and the bridge of the nose low or actually sunken in. Not 
infrequently there is ozena or disease of the lachrymal sac, the latter in con- 
sequence of the changes in the nose. The frontal eminences are very promi- 
nent. The cornea, which is ordinarily a horizontal ellipse, has often the 


Fic. 109.—Tre Upper Inctsor TeetH IN Herepitary Sypuiuis. (After Hutchinson.) 


A. The interspace between the middle incisor teeth is abnormally broad. The teeth themselves 
have a semilunar notch on their cutting edge. The two lateral incisor teeth have somewhat convex 


lateral borders which converge downwards. ; a 
The incisor teeth are all stunted, and hence the interspaces are enlarged. The middle incisor 


teeth are most undeveloped and show the notching of the cutting edge. The lateral incisor teeth have 
convex sides which converge downwards. 


shape of a vertical ellipse. The intelligence of these patients is often abnor- 
mal, they being either precocious, or, on the other hand, backward in 
mental development. 

2. The incisor teeth are abnormally shaped (Hutchinson), so that, 
instead of a straight edge, they show a semilunar notch (Fig. 109). This 
change is present only in the teeth of the second dentition, and in them most 
frequently in the upper central incisor teeth. Often the incisor teeth are all 
stunted, so that they are either too small or some are altogether wanting. 

3. At the angles of the mouth we may find fine cicatrices, the relies of 
former rhagades; so also cicatrices in the buccal and pharyngeal cavities 
(especially on the hard and soft palate) point to the existence of antecedent 
syphilitic ulcerations. 

4. Numerous enlarged lymphatic glands can be made out, especially 
upon the neck. These are small, hard, painless, and with no tendency 
toward ulceration, by which characters they are distinguished from the 
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lymph glands of scrofulous subjects, which are large and soft, and readily 
undergo caseation. 

5. Swellings of the periosteum (tophi), which are hard and are but 
little or not at all painful, occur on the long bones. They are most fre- 
quently and most easily found upon the anterior border of the tibia. 

6. Often there is inflammation of the knee-joint, either occurring 
simultaneously-with the keratitis or, more often, antedating it by some years. - 
The inflammation is ordinarily bilateral, pretty torpid, and of several 
months’ duration, but benign, in that it gets well without leaving lasting 
sequel. 

7. We frequently find hardness of hearing, which, with the outbreak 
of the keratitis, sometimes increases to absolute deafness. 

It is important to look for all of these symptoms, for any one of them 
by itself is not to be looked upon as conclusive evidence of the existence of 
hereditary syphilis; and, on the other hand, we ought not to expect to find 
all the changes above given distinctly marked in the same individual at 
once. If, nevertheless, a case remains doubtful, we make a Wassermann 
lor luetin] test, which in cases of hereditary syphilis usually turns out posi- 
tive. The more carefully we make our investigation, the more do we arrive 
at the conviction that by far the greatest number of cases of parenchyma- 
tous keratitis are to be referred to hereditary syphilis. In a few cases this 
form of keratitis is also observed in acquired syphilis, and we must not for- 
get that the latter may be acquired even in childhood (e.g., through a nurse). 
A few cases depend upon tuberculosis, while,in some, no cause at all that we 
can be sure of is discoverable to account for the eye disease. 


The typical course of parenchymatous keratitis, and the participation of both 
eyes in it, early suggested the idea of its being due to a constitutional cause. Thus 
Mackenzie gave an excellent description of this disease under the name of corneitis 
scrophulosa, and at the same time gave a number of the accompanying symptoms 
which he looked upon as signs of scrofula. Hutchinson has the eredit of having com- 
pleted this series of symptoms, and of having at the same time furnished the proof 
that they belong not to scrofula, but to hereditary syphilis. This novel view was slow 
in making its way. Many at first would only allow that it was true for a limited num- 
ber of cases, and hence divided parenchymatous keratitis into two forms, which they 
called keratitis secrofulosa and keratitis syphilitica. But the more precise our knowl- 
edge becomes in regard to the symptoms of hereditary syphilis, the more surely we 
arrive at the conviction that this disease lies at the root of parenchymatous keratitis, 
whatever form the latter may exhibit. Some have succeeded in producing in monkeys 
and rabbits by inoculating them with syphilitic material an inflammation of the cornea 
which resembles the parenchymatous keratitis of man and in which, too, spirochaete 
could be demonstrated in the tissue of the cornea (Scherber, Greeff). 

[Positive evidence of syphilis is afforded in nearly all cases of parenchymatous 
keratitis by the Wassermann or luetin tests (in 56 out of 63 cases in Glasgow, in 37 out 
of 38 examined by Lesser and Carsten. According to the last-named, in nearly 80 per 
cent of the cases syphilis can be demonstrated in at least one of the parents, and in 
70 per cent it can be demonstrated in both).—D.] 
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[It has been suggested that parenchymatous keratitis may be an anaphylactic 
phenomenon, the cornea being sensitized at some early period of life (perhaps even in 
intra-uterine life) by the syphilitic virus, so that later it is readily attacked even by the 
attenuated virus (Derby and W alker), this second attack occurring at some time when 
the resistance of the system is reduced in some way. Some think that this reduced 
general resistance is itself the essential factor, and that because of it the cornea and uvea 
succumb to an attack that they would otherwise withstand. It is on this principle 
that Dunn explains the genesis of uveitis in keratitis parenchymatosa. He says that 
a vicious circle is established, by (a) the development of an autotoxemia, originating 
probably in the intestinal tract; (b) excessive action of the thyroid gland to combat 
the toxemia; (c) failure of the thyroid resulting in hypothyroidism and pervading 
uncontrolled toxemia. According to this view, which resemb!es that held by Elschnig, 
the uveitis accompanying keratitis parenchymatosa is often due not so much to the 
syphilis as to metabolic toxemia and general malnutrition due to hypothyroidism. 
The theory seems to find some corroboration in the occasionally successful results of 
treatment with the thyroid extract (see page 299).—D.] 

Some believe that at times in an heredito-sy philitic individual trauma may occasion 
the outbreak of a parenchymatous keratitis. 

Parenchymatous keratitis is one of the latest of the forms under which heredi- 
tary syphilis shows itself and is therefore rightly regarded as one of the most important 
and most frequent symptoms of lues hereditaria tarda. Many believe that there is 
no lues hereditaria tarda if we use the term in the sense that the symptoms of lues 
which appear in later life are really the first symptoms of the disease; they think that, 
on the contrary, luetic symptoms must have been present in every such case either 
at the time of birth or soon after, but that either these symptoms were overlooked or 
else the physician had failed to encounter any signs of them because he had taken 
charge of the case after the symptoms had gone. Thus it is supposed that parenchyma- 
tous keratitis is never really the first symptom of hereditary syphilis. But positive 
observations like the following contradict this view: A physician brought to me his 
six-year-old boy who a short time before had become affected with a typical parenchy- 
matous keratitis. In other respects the child was healthy, well developed, and had a 
good appearance. The father had acquired syphilis twelve years before, that is, six 
years before the birth of this child. Some years afterwards he married. The first- 
child his wife brought into the world was still-born, the second was the little patient 
brought to me. This one, the father, conscious of his lues, had watched anxiously 
and carefully from birth, but had never been able to discover in him the slightest signs 
of syphilis, until the patenhynnene keratitis showed itself. The latter, therefore, in 
this case must be regarded as being the first demonstrable sign of the inherited syphilis. 

The following history may serve to show how from different symptoms we get 
at the diagnosis of hereditary syphilis. A twelve-year-old girl with parenchymatous 
keratitis of both eyes was brought into the clinic by her mother. The latter declared 
that she had no knowledge of syphilis as affecting either herself or her deceased husband. 
She only admitted that the latter had led an irregular life. The woman went on to 
say that she had been pregnant by this man ten times in all. From the first four preg- 
nancies came four children (the eldest at present about twenty-two years old), who are 
all healthy. The fifth child died at the end of one year, the sixth pregnancy ended in 
an abortion, the seventh child is the little patient who is brought into the clinic, the 
eighth child died at the age of nineteen months, the ninth child is living but is always 
sickly, and the tenth died at the age of six weeks. Then the husband died in consequence 
of an accident; the woman married a second time, and has had by her second husband 
two perfectly healthy children. The woman’s daughter who was brought into the clinic 
was deaf; she presented, in addition to the parenchymatous keratitis of both eyes, the 
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characteristic formation of the cranium belonging to syphilitic children. The teeth 
showed the form described by Hutchinson; numerous small, hard lymphatic glands 
wete found upon the neck. I made the younger sister (the woman’s ninth child) come 
too. She, who was a feeble girl, was not, to be sure, absolutely deaf, but heard very 
badly, and had the characteristic formation of the face and swollen lymphatic glands upon 
the neck; and the teeth—they were the milk teeth—were markedly small and separated 
by wide interspaces. Externally the eyes looked healthy, but in both the periphery 
of the fundus was found by the ophthalmoscope to be covered with spots, black as ink, 
lying in the chorioid. The correct interpretation of this history, without doubt, is 
that the woman’s first husband had acquired syphilis after the fourth pregnancy. 
While, therefore, the woman’s first four children enjoy very good health, only two of 
the children of the six following births are living and both are sickly, both marked with 
evident symptoms of hereditary syphilis. When the woman had become pregnant by 
her second healthy husband, she had healthy children once more. 

From the history just submitted, it can be deduced that the examination of the 
little patient’s brothers and sisters may often contribute to the clearing up of the case, 
inasmuch as we may find in them, too, symptoms of hereditary syphilis, and thus 
may still further confirm the diagnosis. Moreover, it is not at all rare for two or even 
three of a set of brothers and sisters to be affected with parenchymatous keratitis. 
Furthermore, from this history we may deduce the important fact that a woman may 
bear syphilitic children begotten by her diseased husband, without at the same time 
acquiring syphilis herself; to the syphilis of her own children she is immune. 


241. Treatment.—Local treatment during the period of progression 
consists in combating the inflammation by protecting the eyes from light 
and by instilling atropine, which latter counteracts the complications aris- 
ing from the iris. Moist hot compresses often ameliorate the symptoms of 
irritation and accelerate somewhat the progress of the disease. Dionin acts 
favorably on the photophobia and the pain. [Many think subconjunctival 
injections (page 65) very effective.—D.] 

In the regressive period, the thing to do is to secure as thoroughgoing 
a clearing up of the cornea as possible. For this purpose dionin again and 
the well-known irritant remedies—like calomel, tincture of opium, yellow- 
precipitate ointment, steam, hot air, ete.—are indicated (see page 266). 
These, however, should be brought into use only when, on making 
cautious tests, the eye is found to bear them well—i.e., does not through 
their use fall into a state of renewed irritation. It is advisable to keep on 
with these remedies, interchanging them frequently, for a very long time— 
for months or years. If ectasis of the cornea threatens, it is to be combated 
by a pressure bandage, which, if necessary, can be combined with repeated 
paracentesis of the cornea. 

General treatment in those cases in which syphilis is the cause must be 
directed against the latter. Salvarsan has not proved effective. [Yet, 
according to many, it is helpful in shortening the process, especially if it is 
given repeatedly. It should be combined with mercurial treatment.—D.] 
The latter alone is ordinarily not very efficient [though it is more so in cases 
due to acquired syphilis]. In adults we use mercury by inunction or bet- 
ter still by intramuscular injection. [We give at periodical intervals a series 
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of injections, using the bichloride (up to gm. 0.01) in solution every other 
day, or the salicylate (up to gm. 0.06), or calomel suspended in albolene or 
oil every ten days.—D.] In children the internal administration of corros- 
ive sublimate is preferable. We give pills of 1 mg., beginning with one a 
day, increasing the dose to from six to ten pills a day, according to the age, 
and being mindful to pay careful attention to the condition of the mouth, 

- in order to avoid salivation. [In general, the best results are obtained if 
eareful and persistent hygienic measures (fresh air and exercise, good diet, 
ete.) are combined with the specific treatment (Derby and Walker).—D.] 
In the lighter cases of parenchymatous keratitis, indeed, we may confineour- 
selves to a simple tonic treatment with the simultaneous employment of 
remedies containing iodine (cod-liver oil with iodine, iodide of iron, and min- 
eral waters containing iodine, the latter especially as a form of after treat- 
ment). [Thyroid extract, gm. 0.20 to 0.30, according to age, may be used 
with advantage in some cases (Radcliffe, Dunn).—D.] Unfortunately, we 
must say that, In many cases, parenchymatous keratitis, even under the 
most careful treatment, runs a course that is not essentially different from 
what would have been the case without any treatment at all. Not infre- 
quently we see the disease while under treatment break out in the other 
eye, without our being able to prevent the opacity from spreading gradu- 
ally over the entire cornea in this eye also. [Yet, though we may not be 
able to arrest the process, we can in many cases shorten it, and we can 
render important service by combating the complications arising from the 
uvea, and also in securing a more rapid and more perfect clearing up of the 
corneal opacities during the period of regression.—D.] 


4. Keratitis Profunda 

242. In this a gray opacity develops very gradually in the cornea— 
ordinarily in its center—an opacity which is situated in the middle and deep 
layers of the cornea, and over which the corneal surface is gray and punc- 
tate, but not depressed. Seen with the naked eye, the opacity looks uni- 
formly gray, while with the magnifying glass it may be resolved into dots 
and macule, or into gray interlacing striae. After the opacity has remained 
for some time (several weeks) at its acme it begins slowly to abate, without 
ulceration having taken place. The development of new vessels is either 
entirely absent or is very inconsiderable. The accompanying symptoms of 
inflammatory irritation are sometimes slight, sometimes pretty violent. The 
participation of the iris is mostly limited to hyperemia. 

The disease attacks adults only. It lasts from four to eight weeks or 
more. In the lighter cases it terminates in a complete restoration of the 
transparency of the cornea, while in other cases diffuse opacities remain 
permanently in the center of the cornea. 


1sSynonyms: central parenchymatous infiltration of the cornea, keratitis parenchymatosa 
Sy yms: 


circumscripta. 
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The causes of keratitis profunda are in the great majority of cases 
unknown. For individual cases the following causes have been given: 
1. The effect of cold. Arlt has characterized such cases as keratitis rheumat- 
ica. These ordinarily run their course with marked inflammatory symp- 
toms, especially with violent pain and photophobia. 2. Herpes zoster oph- 
thalmicus (§588). 3. Intermittent fever in its chronic form of malarial 
cachexia (Arlt). In this sometimes a keratitis profunda develops which is 
characterized by the absence of marked symptoms of irritation, and also by 
an unusually chronic course (Arlt). 4. After injuries, especially contusions, 
a keratitis profunda not infrequently develops, the peculiarity of which is 
its comparatively rapid course and the speedy restoration of the transpar- 
ency of the cornea. 

Treatment consists, locally, in the application of a bandage or of pro- 
tective glasses, and the use of atropine. Moist warm compresses, dionin, 
and subconjunctival injections of salt [or mercury] solutions may accelerate 
the progress of the case provided these are well borne. After the inflamma- 
tory symptoms have run their course, irritant remedies for clearing up the 
opacity are indicated. The general treatment depends upon the cause that 
we are able to discover for the keratitis. 


5. Sclerosing Keratitis 


243. This has retained its name given it by Von Graefe, because at the 
spot where the infiltration is present in the cornea, dense and white opaci- 
ties are left which often look like sclera. Sclerosing keratitis occurs either 
alone or more frequently as an accompanying symptom of scleritis (page 
337). If ascleritic nodule is situated near the margin of the cornea, there 
develops in the adjacent portion of the latter an opacity which is situated 
in its deeper layers (Fig. 128). It has approximately the shape of a triangle, 
the base of which is situated at the corneal margin, while the rounded apex 
looks toward the center of the cornea and gradually merges into the 
transparent cornea. The opacity thus occupies a sector of the cornea, the 
base of which corresponds to the scleritie nodule. In many cases other 
dense opacities of rounded or irregular shape also develop at a distance from 
the corneal border, and even in the center of the cornea. The opacities are 
gray or grayish-yellow, and gradually increase in density until the cornea 
at the affected spot has become completely opaque. The surface of the cor- 
nea over the opacity is stippled but not depressed; vascularization is either 
altogether absent or is very slight, and, when it is present, is in the deep 
layers of the cornea. After the opacity has reached its maximum density, 
a gradual retrogressive process sets in, without ulceration having taken 
place at any time. The process of clearing affects the thin edge of the opac- 
ity and its apex, which looks toward the center of the cornea; the greater 
portion of the opacity remains permanently and becomes ultimately bluish- 
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white like the adjacent sclera, into which it passes without any sharp line 
of demarcation. At the spot where the opacity is found, therefore, it looks 
as if the sclera had pushed its way into the space occupied by the cornea. 

Like scleritis itself, this keratitis that accompanies it shows repeated 
recurrences, and it may happen that in severe cases the entire cornea is 
sclerosed with the exception of a small area in the center. 

The disease usually attacks young persons, especially females, and 
often occurs in both eyes. It sometimes runs a torpid course, but more 
often is associated with marked irritation which accompanies each recur- 
ring attack. The inflammatory symptoms are in part also caused by the 
complicating scleritis, and iritis. The etiology is ordinarily the same as that 
of scleritis, namely anemia, chlorosis, scrofulosis, tuberculosis, hereditary 
syphilis, and in older patients gout and rheumatism. Often no certain cause 
can be found for the disease. 

Locally the same remedies are indicated that have been suggested for 
keratitis profunda. The general treatment is directed to the cause of the 
disease, in case such a cause can be ascertained. 


6. Keratitis Springing from the Posterior Surface of the Cornea 


244. When the posterior surface of the cornea is not washed by the 
aqueous humor, as it is in the normal eye, but an exudate or tissue is brought 
into apposition with it, the substance of the cornea becomes cloudy. To 
produce this effect, however, it is necessary that the apposition should be 
kept up for a pretty long time. Hence this sort of opacity is not generally 
found in ordinary hypopyon, because the latter disappears too quickly, but 
is found in those more solid gray exudates which appear in the anterior 
chamber, particularly in scrofulous and syphilitic irido-cyclitis. Large 
deposits also on the posterior surface of the cornea, if they remain for a long 
time, usually leave behind them gray spots in the cornea. Another thing 
besides exudates that gives rise to this form of keratitis is the apposition of 
tissue to the back of the cornea, as occurs with protrusion of the iris, with 
cysts or other tumors of the iris that reach to the cornea, and with lenses 
that have prolapsed into the anterior chamber. The opacity of the cornea 
develops at a point corresponding to that spot at. which apposition takes 
place, occurring, therefore, in the case of exudates, most frequently below. 
The surface of the cornea at this spot is dull, sometimes slightly uneven, and 
apparently gelatinous. The opacity is gray, and, after lasting a long time, 
becomes pretty dense, and is permeated by vessels which lie in the deep 
layers of the cornea. It never completely disappears, even after the causal 
lesion has been remedied. 

The mode of origin of this form of keratitis is probably to be conceived 
of thus: Contact of the cornea with foreign tissue alters the endothelium 
of Descemet’s membrane. This alone, according to Leber’s researches, 
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protects the cornea from the aqueous humor. Now, if the endothelium 
becomes deficient, aqueous humor can penetrate into the tissue of the cor- 
nea, which consequently becomes cloudy. [See page 7.] 

245. Other Forms of Non-Suppurative Keratitis——The clinical pic- 
tures under which non-suppurative keratitis makes it appearance are 
exceedingly manifold. Only a certain number of them can be marshaled 
under fixed types, as has been done in the foregoing pages. Some, occasion- 
ally very peculiar, forms come under observation too rarely for us to be able 
to build up from them a typical disease picture; they cannot at present be 
utilized except for purposes of record as individual cases. A few rather 
more frequently occurring forms may be enumerated here as an appendix to 
those before described. 


7. Keratitis Pustuliformis Profunda.—This is a rare condition occurring mainly 
in old people and chiefly in men. It is marked by the presence of yellow, puriform 
deposits, placed very deeply in the cornea. Sometimes a single, large, usually central, 
deposit occurs; more often there are several, the size of a pin’s head and variously 
disposed. The deposits are generally surrounded by a grayish, hazy, often punctate 
opacity. The condition is associated with a severe iritis, which, indeed, probably 
constitutes its real starting point. It is also accompanied by hypopyon, deposits on 
Descemet’s membrane and, at times, vitreous opacity. There is great pain. The deposits 
never break down to form ulcers. Occasionally they undergo resolution, but generally 
they are transformed into permanent opacities, and in bad eases flattening of the cornea 
may ensue. Usually but one eye is affected. The disease runs a chronic course, and 
treatment has very little effect. In some cases syphilis seems to be the cause; in other 
cases the origin is unknown; but in any event the immediate cause must be a toxin, 
derived from the inflamed iris and acting on the cornea from behind. This is inferred 
mainly from the pathological changes in the cornea, which decrease in intensity from 
behind forward and which in the lightest cases consist in destruction of the posterior 
endothelium and proliferative inflammation of the hindmost layers of the cornea. In 
the severer cases, Descemet’s membrane and the deeper layers of the cornea are also 
destroyed. The condition seems frequently to result from acquired syphilis. 

8. Deep Scrofulous Infiltrates occur in conjunctivitis eezematosa under the 
form of extensive gray, subsequently yellow, opacities in the middle and deep layers 
of the cornea. They may either proceedto suppurate, 
or they may go on to resorption, in which case the 
cornea clears up—sometimes in a surprising manner. 
For a more detailed account, see page 195. 

9. Keratitis Marginalis Profunda.—This rare dis- 
ease generally affects old people, and oecurs for the 
most part in one eye only, rarely in both. There 
Ate dk Cee ee a eee forms upon the margin of the cornea, with moderate 

PROFUNDA, symptoms of irritation, a gray, later grayish-yellow, 
The finely striate marginal zone or even purulent-yellow opacity, which directly adjoins 


represents the limbus, adjoining 

which above and on the outer and the sclera and hence extends under the limbus, while 

inner sides is the are-shaped infil- | I s . ‘ 

ivane drow sh. darker ahadine, on the other hand it reaches for a distance of 1 or 2 
mm. into the transparent cornea (Fig. 110). This mar- 

ginal zone of opacity generally embraces from one-third to one-half of the circumference 

of the cornea (most frequently the upper part), or in rare instances surrounds the entire 


cornea, The surface of the cornea over the opacity is somewhat dull, but shows no loss 
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of substance, and never any exfoliation of epithelium. The limbus soon pushes forward 
so far as to cover the opacity with its vessels. The irritative symptoms disappear in 
from one to two weeks, while the marginal infiltrate is transformed into a permanent 
gray opacity. This opacity bears a great resemblance to the arcus senilis, from which 
it is chiefly distinguished by its not being separated by a transparent zone from the 
scleral margin, but passing into the latter without any clear line of demarcation. Iritis 
does not occur with this affection of the cornea, nor does ulceration of the cornea, as a 
rule; only twice have I seen small superficial ulcers develop upon the cornea. On account 
of the marginal situation of the residual opacity, this form of keratitis is without danger - 
to the sight. 

: 10, Striate Opacity of the Cornea.—When we examine carefully an inflamed 
cornea with a magnifying glass, we often discover gray striz iz it. These may be short 
and irregular and run in the most diverse directions. This is commonly the case in 
keratitis profunda. At other times we see a system of parallel strix—e. g., in the dense 
opacities that occur in parenchymatous keratitis jutting out from the margin of the 
cornea and extending toward its center. Again, strise may occur that take a radiating 
direction, all emanating from a single point—e. g., from a corneal ulcer. The anatom- 
ical changes that give origin to the striw are not always the same. It may be that 
cells, or fluid, thrust the fibers of the cornea apart and so pass on between them, taking 
a linear course. Such a thing can be effected artificially by injecting liquid through a 
puncture made in the cornea. In doing this we fill a system of parallel chinks (Bowman’s 
tubes) which cross the successive corneal lamelle at right angles. 

Isolated, long, very delicate gray lines appear to be produced by turbid fluid 
filling one of the channels that lie in the substance of the cornea and lodge the nerves 
passing from the margin of the cornea to its center. 

Very frequently, however, strie# are produced not by exudation, but by wrinkling. 
This is pre-eminently the case with traumatic striate opacity. This is observed after 
incised wounds of the cornea, and most beautifully after the cataract operation. Within 
the first twenty-four hours after the operation gray striae make their appearance in the 
cornea, which, starting from the wound, extend sometimes as far as the opposite margin 
of the cornea, and are always disposed perpendicularly 
to the length of the wound (Fig. 111). These strie are 
particularly observable in those cases in which the lips 
of the wound have been somewhat contused, as, for 
example, those in which the delivery of the lens has 
been difficult. They generally pass off within the first 
eight days, and it is only when specially pronounced 
that they take several weeks to disappear. Such an Sea Fen se Aaa 
opacity causes no symptoms of irritation, and does not rue Cornpa arrer a Cataract 
cause the least disturbance of the healing of the wound, Spees Lee eee at 
This proves that here we are not dealing with a real tion, lies at the upper margin of the 
inflammation. Anatomical investigation has, in fact, C™°* 
shown that in these cases cellular infiltration is altogether wanting, and that there is 
simply a dilatation of the lymph spaces of the cornea, which are distended with fluid 
(Becker, Laqueur, Recklinghausen). The striate opacities themselves are referable to 
wrinkling of Descemet’s membrane, which as a result of the incision near the corneal 
margin has its tension relaxed in one direction but not in others (cf. Fig. 134). 

A wrinkling of this sort may be the cause of some of the striate opacities that 
are observed in a true keratitis—e. g., the radiating streaks which are often seen in 
ulcus serpens extending out into the transparent cornea (Hess, Schirmer). 

A similar striate opacity of the cornea is sometimes observed in cases of detach- 
ment of the retina which has been treated with the pressure bandage. The eye becomes 
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suddenly very soft and the anterior chamber remarkably deep, and in the cornea fine 
gray striae show themselves, which cross in different directions, so that the opacity 
looks like creased tissue paper. Here also, without doubt, folds in the cornea take part 


in producing this effect (Deutschmann, Nuel). 
Il. InsuRIES OF THE CORNEA 


246. Foreign Bodies in the Cornea.—The penetration of foreign bodies 
into the superficial layers of the cornea is among the most common of acci- 
dents. Obviously the interpalpebral area of the cornea is the part that 
suffers most from injuries due to foreign bodies as from injuries in general. 
What is most frequently observed are small particles of iron in the cornea, 
particularly among mechanics of a certain sort, like locksmiths, black- 
smiths, iron founders, etc. These particles do not look like metallic iron, 
but vary from dark brown to black; for the particles of iron, which, for 
example, fly off when iron is being hammered, are heated by the force of 
the blow so that they are thrown out as sparks. Thus they become oxidized 
into ferroso-ferric oxide (so-called iron scale), and under this form are found 
in the cornea. If the fragment of iron remains sticking in the cornea, it 
becomes surrounded very soon by a brown ring, because it impregnates the 
portions of the cornea in its immediate vicinity with iron (ferric hydrate) 
and so turns them brown. Fragments of coal are also frequently found in 
the cornea—for instance, in firemen or in people after a railroad journey— 
and fragments of stone in stonecutters, stonebreakers, etc. 

Much more infrequent, but also much more serious, are those cases in 
which a small foreign body has penetrated into the deep layers of the cornea. 

Foreign bodies penetrating into the cornea should be removed as soon 
as possible (see § 846). If the foreign body is not removed in season, its 
expulsion by suppuration follows. An inflammatory infiltration forms 
about it, surrounding it in the form of a gray ring. Then the tissue of the 
cornea in this place breaks down, so that the foreign body becomes loose 
and ultimately falls out. The resulting ulcer generally becomes rapidly 
cleansed and-heals, leaving asmall opacity after it. This process of elimina- 
tion takes place with marked symptoms of irritation, and especially with 
hyperemia of the iris, or even with iritis, whichlatter makes itself evident 
by the formation of a hypopyon and of synechiw. [These symptoms may 
persist for several days after the, foreign body has been eliminated or 
removed. Both the symptoms and the resulting damage to the cornea are 
obviously greater if the foreign body has penetrated into the deeper layers, 
and in this case, too, there is more danger of purulent infection being car- 
ried to the deeper parts.—D.] Foreign bodies which are chemically indiffer- 
ent, like powder grains or particles of stone, are often tolerated by the cor- 
nea without producing inflammation and may become permanently incor- 
porated in it. 

[For the irritation remaining after the removal or elimination of a for- 
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eign body, we use hot or cold applications, dionin ete., and if photophobia 
or iritis is present, atropine. Holocaine or acoine in oily solution or in oint- 
ment may be required to relieve pain, especially at night. Sometimes 
plain vaselin answers the same purpose. In many cases the patient is more 
comfortable if the eye is bandaged. For the treatment in cases of perfora- 
tion or of deep infection, see § 291.—D.] 

(Oyster-shuckers’ keratitis is a rather rare condition caused by the impact of fine 
bits of oyster shell upon the eye. It is marked by its acute onset, a small, circumscribed, 
very white ulcer developing in the cornea (usually in its center) within twenty-four hours. 
This is associated with considerable photophobia and irritation. The ulcer usually 
shows no tendency to spread, and, when small, heals without bad result. Ifa large area 
is involved or the cornea is perforated, the eye is usually lost by infection (Randolph). 
2D] 

247. Solution of Continuity of the Cornea.—Superficia! excoriations 
of the cornea, which simply produce a loss of substance in the epithelial 
covering, are known as erosions. These are among the most frequent of 
injuries, such as one gives himself by scratching the eye with the finger nail, 
with a rough cloth, a stiff leaf or twig, etc. Such an injury is commonly 
accompanied by pretty marked symptoms of irritation, such as photopho- 
bia, lachrymation, and especially by violent pain, Examination of the eye 
shows, besides the ciliary injection, a defect in the epithelium, forming an 
ulcer, the floor of which is perfectly transparent, so that it is only by taking 
the corneal reflex [or using fluorescein] that the loss of substance can be dis- 
covered. Healing generally takes place within a few days by a complete 
regeneration of the epithelium, starting from the edges of the epithelial 
defect; a permanent opacity does not remain. Quite a good deal of signif- 
icance attaches to these traumatic erosions, from the fact that not infre- 
quently they are the starting-point of an ordinary ulcer of the cornea or an 
ulcus serpens, especially if an opportunity is given for the production of 
infection. This latter is particularly apt to occur if there is present either 
a conjunctival trouble associated with abnormal conjunctival secretion, or 


a disease of the lachrymal sac. 


It is worth remarking that sometimes recurrences of corneal erosion take place 
without any new injury having preceded them (Arlt). After the lesion has been to all 
appearances fully healed, marked symptoms of irritation set in suddenly several weeks 
or months afterward without known cause; and a loss of substance is again found upon 
the cornea in the epithelium at the site of the former injury. Such relapses may occur 
repeatedly. They have their cause probably in the fact that the regenerated epithelium 
is no longer firmly adherent to its bed (Szili), so that under the action of any insignificant 
cause it is again separated and cast off. This separation of the epithelium generally 
takes place in the form of a vesicle, which, however, ruptures sO quickly that we do 
not get a sight of it, but only of the consequent loss of substance in the epithelium. 

In this category also are to be reckoned those cases in which for months or even 
years after an erosion of the cornea, pain occurs when the eye is suddenly opened either 
in the night or on awakening in the morning. The pain passes off in a few minutes. 


20 
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Then if we see the patient during the day, there is either nothing at all to be discovered 
in the cornea objectively or at most there is found an extremely faint cloudiness which 
is situated in the corneal epithelium on the spot that was injured. Yet in this case 
also there are probably constantly recurring, very insignificant lesions of the corneal 
epithelium, which are produced, at the site of the former injury, by sudden opening 
of the lids. 

Erosions are best treated by applying a simple protective bandage which should 
be continued until the epithelium is completely regenerated. If there are marked 
accompanying symptoms of inflammation, which are not relieved by the bandage alone, 
we may instill atropine [or homatropine—the latter in 2-per-cent solution]. The 
recurrences require the same treatment, as long as a defect in the epithelium can be 
made out to exist. [In obstinate recurrent cases the bandage may have to be applied 
to both eyes and kept on, day and night, for from one to two weeks.—D.] After com- 
plete restoration of the epithelial covering, it is advisable, in order to prevent further 
recurrences, to have the cornea massaged for some time with the yellow-precipitate 
ointment. For pain which recurs at night we direct the patient to introduce fatty 
substance (e. g., boric-acid ointment) into the conjunctival sac before retiring, and, 
besides, advise him in case he wakes during the night to open the eyes very cautiously— 
possibly not until he has first wet the margin of the lids. If, in spite of this, relapses 
recur we obtain solid union of the epithelium to the cornea and hence also a cure, if 
we scrape off the epithelium wherever it is but loosely adherent to the cornea, and then 
paint this area with tincture of iodine. 


248. The deeper wounds of the cornea are usually either incised or lac- 
erated wounds. Their margins soon after the infliction of the injury become 
cloudy and swollen through imbibition of fluid (tears or aqueous). In irreg- 
ular, lacerated wounds, this may occur over a very great area. As the 
wounds heal this cloudiness in large part disappears, although a dense opac- 
ity always remains along the line corresponding to the solution of contin- 
uity, and this opacity is very frequently associated with an irregular bulging 
of the whole cornea (giving rise to irregular astigmatism). Corneal wounds 
are particularly dangerous under two cireumstances—i.e., when they are 
infected and when they perforate the cornea. In the former case a purulent 
keratitis develops which may give rise to extensive destruction of the eor- 
nea. In the latter case prolapse of the iris occurs, provided the wound is 
large enough. Moreover, the iris or the lens may be injured at the same 
time, and lastly there exists, as in all perforating lesions of the eyeball, the 
danger of an inflammation of the deep parts of the eye, produced by infee- 
tion and very frequently ending in the destruction of the organ. 

The treatment of recent wounds of the cornea demands as its prime 
requisite that after dropping in atropine to combat any iritis that may exist, 
we apply a protective bandage. If we are dealing with a perforating wound 
of the cornea, the greatest possible quiet on the part of the patient. (rest in 
bed) is requisite in order to bring about a speedy and solid closure of the 
wound. If the iris is prolapsed, it should be so excised, after caref ully sepa- 
rating it from the lips of the wound, that no iris remains any longer incar- 
cerated in the wound; according to just the same principle that holds good 
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for prolapses of the iris of spontaneous origin. (For more precise particulars 
in regard to perforating wounds of the cornea, see § 291.) 


The healing of incised wounds of the cornea takes place quickly when, as is pre- 
eminently the case in operation wounds, the edges are smooth and are closely applied 
to each other. The edges of the wound then soon become agglutinated by a mass which 
consists of fibrin and round cells, and which later organize into a delicate cicatrix binding 
the corneal lamellze together. Bowman’s and Descemet’s membranes do not reunite. 
During the first few days the epithelium of the anterior surface of the cornea grows 
rapidly over the lips of the wound and down between them, this involution of the epi-- 
thelium sometimes extending as far as the posterior layers of the cornea (Fig. 112). 
By reason of the permanent adhesion of the lips of the wound that takes place later, 
the intruding epithelium is gradually squeezed back from below up toward the surface, 
and the epithelial involution disappears. Sometimes, however, it is persistent. In 


Fie. 112.—Scar or THE Cornea TurrteeN Days ArTeR CaTarRact Operation. Magnified 22 x 1. 

The section passed obliquely through the cornea and the margin of the limbus L. From both 
edges of the wound, peripheral (limbus) and central (cornea), the epithelium has grown down into the 
depth of the wound, which, therefore, in the living eye appeared under the form of a smooth chink, 
running along the margin of the cornea. It is only in the deepest layers of the cornea that the lamelle 
of the latter are united by recently formed scar tissue, which also pushes its way in between the cut 
edges of Descemet’s membrane, m, which are curled forward. Since the operation was made with an 
iridectomy, there remains of the iris nothing but a stump, whose cut surface shows no trace of reaction 
that case the wound externally looks as though it had healed smoothly, while really 
only the posterior layers of the cornea are united by a firm ecicatrix. Such scars may 
be ruptured by moderate pressure upon them; and this explains why it is that the 
scar left by a cataract operation sometimes—it may be years afterward—splits asunder 
on very slight provocation. 

[To facilitate the healing of corneal wounds, Ramsay recommends that they be 
covered with a wafer of gelatin containing 10 per cent of collargol.] Perforating wounds, 
if fairly large, sometimes gape a good deal. This is especially true of flap wounds, 
since the flap soaks up the aqueous and hence becomes greatly swollen, so that it pro- 
jects above the rest of the cornea, and may even be bent double. In such cases we may 
try to unite the edges of the wound in the cornes with fine sutures [painting the sutured 
lips with 5-per-cent tincture of iodine or with Whitehead’s varnish (a solution of 1 part 
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of iodoform and 6 parts of compound tincture of benzoin in ether) (De Schweinitz)—D.]. 
Unfortunately it sometimes happens that a purulent infiltration of the cornea or, in 
ease the sutures have extended into the anterior chamber, an irido-cyclitis is started 
by the sutures. More favorable are those cases in which the gaping wound in the 
cornea is so placed that we can pass a suture through adjacent parts of the limbus and 
by drawing them tightly together can approximate the lips of the wound. We may 
also cover in wounds of the cornea with conjunctival flaps (see § 823). 

When the cornea is much lacerated the practical value of all these attempts is 
very questionable, even supposing that the lips of the wound heal well.. The cornea 
remains permanently flattened and so opaque that only an inconsiderable residue of 
sight is left. At the same time the eye is for a long time prone to inflammation, and, 
besides, the danger of sympathetic ophthalmia is not altogether excluded, so that in 
these cases we should have done our patient a better service by enucleating at once. 


249. Contustons of the cornea, produced by force applied to the latter 
either directly or through the lids, often result in an extensive opacity which 
oecupies the central portions of the cornea, and under the magnifying glass 
ean be resolved into delicate gray strie interlacing in different directions. 
As this opacity is situated in the intermediate and the deep layers of the 
cornea, it has been considered under the head of keratitis profunda (page 
300). 

The stris may in part be referable to wrinkling of Descemet’s membrane, and be 
dependent upon the reduction in the intra-ocular pressure that often occurs after con- 
tusions of the cornea. 

Severe contusions of the cornea may cause its rupture (ruptura cornee). Such 
ruptures are much less commonly observed than are those of the sclera. Moreover, 
while ruptures of the sclera are generally pretty much alike in respect to position and 
direction, ruptures of the cornea follow no rule with regard to the way they run. This 
is due to the fact that ruptures of the sclera are ordinarily indirect, those of the cornea 
are direct (for explanation of these terms see page 342). In most cases the wounds 
are nearly rectilinear, but sometimes they look jagged, and are fiap-shaped. 

In new-born children there is sometimes found a uniformly dense, bluish-white 
opacity of the cornea which is produced by contusion of the cornea during birth (usually 
by the forceps). The opacity usually disappears altogether in the course of a few weeks. 


250. Injuries of the Cornea by Caustic Agents and by Burns.—These 
occur simultaneously with the analogous injuries of the conjunctiva, and 
are produced by the same causes that these are (see page 211). In fact, in 
the case of such injuries of the eyeball, it is precisely the part which the cor- 
nea takes in the process that is a criterion for the prognosis—for the most 
harmful consequences of these injuries are the opacities which are left in 
the cornea. The corroded or burned cornea looks dull and opaque. The 
extent of the opacity depends upon the extent of the burn, but the intensity 
of the opacity depends upon the depth to which the corneal tissue has been 
destroyed. In light cases the color of the opaque cornea is gray, but in 
severe cases whitish. In the worst eases the cornea is all as white as porce- 
lain, dry upon its surface, and quite insensitive; such a cornea is completely 
necrotic. In general it is not always easy to estimate from the character of 
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the injury alone how deeply the destructive process has penetrated into the 
cornea, and hence caution is advisable in giving the prognosis. 

The injury is generally followed by sharp pain. [In some cases a tem- 
porary rise of tension may occur (see page 212).] It heals by the extrusion 
of the dead tissue. In the lightest cases, in which the injury has affected the 
epithelium only, the processes of extrusion and of healing occur very rapidly 
(as in the frequent cases of burns of the cornea produced by a curling iron). 
If the destructive process has made its way into the parenchyma of the cor- 
nea, a delimiting suppuration sets in, which leads to the separation of the 
eschar; the loss of substance thus produced heals, leay ing a permanent opac- 
ity. If the destructive process has at any point gone through the entire 
thickness of the cornea, perforation of the latter develops after the separa- 
tion of the eschar. The iris then prolapses, and the resulting cicatrization 
unites the iris to the cornea (cicatrix of the cornea with anterior synechia). 
In a similar way adhesions often develop between the cornea and the con- 
junctiva of the lids (symblepharon), provided that a loss of substance is 
present in the latter also. The treatment of injuries produced by burns and 
caustics has already received mention under the head of the analogous 
injuries of the conjunctiva. 

Corrosion of the cornea is most frequently produced by lime, which usually gets 
into the eye under the form of mortar. Corrosion with lime gives a bad prognosis 
inasmuch as the corneal opacity produced by it has no tendency to clear up. This 
behavior is explained by the microscopical findings in a corneal opacity of this sort, 
the latter being caused not, like ordinary opacities, by scar tissue, but by the deposi- 
tion of small opaque particles which consist of calctum carbonate. For this reason 
this form of opacity has been called a calcareous incrustation. To clear the cornea by 
dissolving the calcium carbonate, Zur Nedden advises bathing the eye, after cocainiza- 
tion, several times a day for half an hour at a time in a 10-per-cent solution of neutral 
The more recent the case, the better the outlook for a good 


ammonium tartrate. 
Zur Nedden advises the same treatment for clearing up lead incrus- 


result is said to be. 


tations (page 147). 
[Corrosion of the cornea may also be produced by bituminous dust, which causes 


corneal ulcers with iritis; dimethyl sulphate fumes, which cause cloudiness of the cornea; 
and substances (e. g., bits of indelible pencils) containing the basic aniline dyes, which 
eause ulceration of the cornea, cataract and even panophthalmitis (Stephenson). The 
baneful effects of the aniline preparations can be averted, if a 5- or 10-per-cent solution 


of tannin is at once instilled (Vogt).—D.] 
III. DysTRoPHIES OF THE CORNEA 

251. The dystrophies are chronic disturbances of nutrition in the cor- 
nea which find their expression in the fact that very gradually an opacity 
develops in the cornea, which opacity steadily increases in the course of 
years. From inflammations in the cornea the dystrophies are distinguished 
—(1) by the absence of external evidences of inflammation, such as injec- 
tion, pain, etc.; (2) by the continuously progressive course while an inflam- 
mation after reaching its acme recedes; (3) by the anatomical finding which 
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does not show an invasion of leucocytes into the cornea, but degenerative 
processes such as fatty degeneration (arcus senilis), the deposition of calear- 
eous matter (zonular opacity of the cornea), hyaline degeneration (nodular 
opacity of the cornea), ete. From opacities in the narrower sense of the 
word (page 313), i.e., opaque spots which remain after inflammations or 
injuries and which are stationary, the dystrophies are distinguished by 
their progressive course; in many cases, also, the epithelium over the 
opaque spot is dull, proving that a progressive process is present. 

In the case of dystrophies we have to do with degenerative processes, 
whose cause is either old age (arcus senilis), or disordered nutrition of the 
eye (zonular opacity of the cornea, alteration in old scars—page 317), or an 
hereditary tendency (nodular opacity of the cornea). In many cases the 
cause of the degeneration remains unknown. 


252. Arcus Senilis.—The physiological type of dystrophies is the arcus senilis, in 
which fatty and hyaline degeneration is found in the cornea (page 231). 

In rare cases the arcus senilis grows so broad, especially above, that it extends 
into the pupillary area and thus can actually cause an impairment of sight. Another 
pathological change which occurs very rarely in the arcus senilis is: 

Senile Marginal Atrophy.!’—This is a veryindolent processoccurring inold persons. 
The arcus senilis becomes steadily broader, while the cornea in the area of the arcus 
gets thinner, so as to form a gutter-shaped depression, which ultimately, yielding to 
the intra-ocular pressure, becomes ectatic. The peripheral margin of the furrow is 
sloping, the central margin forms a steep wall. Along this wall some of the corneal 
lamellz are cut off short, others become fibrillated and are continuous with the lax 
connective tissue which covers the floor of the furrow. The lamelle of both the floor 
and wall of the furrow contain droplets of fat. Bowman’s membrane ceases at some 
distance from the central wall. Thickenings and fissures are found in Descemet’s 
membrane, but not till after the furrowed cornea has begun to bulge. 

A similar, perhaps not identical condition, associated with 
slight inflammatory symptoms, occurs at times in younger people. 

Opacities resembling the arcus senilis are found in conjunc- 
tion with affections of the imbus—e. g., with the growths of spring 
eatarrh, with small neoplasms, and sometimes with a large 
pinguecula, 

253. Zonular Opacity'’—This is the most frequent of the 

pathological type of dystrophies. It forms a gray stripe from 

ss 113 .—-Bonohén 3 to 5mm. broad, which passes straight across the cornes littl 
Opie On ins ; passes straight acrc e cornea, a little 
Cornea. below its center. It develops with extreme slowness, occupying 
years in its progress, the first parts to appear being the two terminal points of the opaque 
stripe—that is, the portions of the opacity lying nearest the outer and inner margins 
of the cornea. These points are always separated from the margin of the cornea by 
a narrow, transparent zone. Starting from them the opacity gradually pushes its way 
toward the middle line, where the two parts of it unite, and thus close in the opaque 
zone which covers the lower half of the cornea. This zone is, accordingly, broadest 
and most opaque at its two extremities, these being its oldest parts (Fig. 113). On 
examining it pretty closely, especially with a magnifying glass, we ascertain that the 
opacity, which has a sharply defined outline on all sides, is composed of minute white 


a ee ee ee ee 
Vv Synonyms: Peripheral furrowing keratitis (Schmidt-Rimpler), dystrophie marginale symétrique. 
18 Synonym: Ribbon-shaped opacity of the cornea, calcareous band of the cornea. 
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or gray dots which lie quite superficially in the epithelium or directly beneath it; hence 
we usually find the surface of the cornea over the opacity roughened like shagreen or 
covered with minute prominences. Often in the midst of the opacity we see rounded 
or irregular areas which are quite clear (as shown in Fig. 113), or the opacity is traversed 
by fissures and chinks; and portions of the opacity may actually drop off altogether. 

Zonular opacity of the cornea generally develops in eyes which have nearly or 
quite lost their sight in consequence of some intra-ocular affection (irido-eyclitis, glau- 
coma), and in this case it is practically of little significance. It is only very rarely (and 
then only in elderly people) that we encounter it in eyes which are otherwise perfectly 
sound, so that here the corneal opacity itself is the sole cause of the disturbance of 
vision (senile zonular opacity). ; 

The anatomical changes which underlie zonular opacity of the cornea consist in 
the deposition of lime in the form of very minute granules in Bowman’s membrane 
(Fig. 105, 6, Fig. 114), which thus becomes opaque, white, rigid, and brittle. In the 
spots where the calcification is far advanced we ordinarily find new-formed connective 
tissue (Fig. 114) on Bowman’s membrane, between the latter and the epithelium. 
Owing to the presence of this tissue the surface of the epithelium, e, becomes uregular, 


Fie. 114.—Zonvuiar Opacity oF THE CORNEA IN AN ATROPHIC EYEBALL. Magnified 68x 1. 

2 brane, b, stands out because of its dark coloration which it owes to minute gran- 
ules 1 pala alone in it. At the left end of the drawing the deposit is slight, but increases to the 
right to such an extent that the individual granules can no longer be distinguished. At the same time 
the membrane becomes thinner and on its posterior surface uneven. Where the calcification of the 
membrane is the greatest, a layer of compact connective tissue, g, 18 found lying upon the latter. At the 

oint where this connective tissue is most pronounced it pushes Bowman’s membrane backward against 
The arenchyma of the cornea, H, and has caused a rupture of the brittle membrane. Through the 
aot of rupture, connective tissue goes down into the deeper parts. The epithelium, e, is normal only 
ae the spot where the calcification of Bowman’s membrane is as yet slight; further along it is raised 
by the connective tissue and is of unequal thickness. Cf. Fig. 105. 
a thing which explains the granular character of the corneal surface over the opacity. 
Acting in the opposite direction the connective tissue pushes Bowman’s membrane 
backward, causing breaks in it and displacement of the broken portions. In advanced 
, = . . 
cases minute granules of lime also make their appearance in the lamelle of the cornea 
lying beneath Bowman’s membrane. Ky 
Zonular opacity of the cornea depends upon a disturbance of nutrition, caused 
by a lessened ability on the part of the cornea to withstand external injurious influ- 
ences The position and extent of the opacity correspond to the palpebral zone of the 
cornea—i. e., that part of it which lies exposed in the palpebral fissure even when the 
% j j T 'g ap j . € 
latter is but slightly opened. Since this form of opacity affects cornee which have 
generally been made insensitive already and often opaque, too, by some antecedent 
disease, it must be assumed that it occurs because these cornex are unable any longer 
, “ . . . . . 4 * f. * : 5 
to withstand properly the external injurious influences to which they are subjected 
in the region of the palpebral fissure. If such influences exert their effect for a very 
long time, even healthy cornew may react to them by the production of a zonular 
: ; 7 ; } © ro’ ~ | 1 ~ ‘a 
opacity. Thus Topalanski has seen this opacity in three hat makers, into whose eyes 
; i are ski st red. 
particles of hair were constantly flying from the hare skins that they were engag 
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in cutting. I myself found zonular opacities of both eyes in a physician who had blown 
calomel into them every day for twelve years. According to Leber, one of the injurious 
influences that affect the palpebral region of the cornea is evaporation: the nutrient 
fluid of the cornea being supposed to be richer in lime salts in cases of zonular opacity, 
and these salts being precipitated under the influences of evaporation. 

The zonular opacity being superficially placed can readily be removed by scraping 
off the epithelium and the cloudy corneal layers immediately subjacent (abrasio corne=)- 
There is, of course, no object in doing this except in the cases where, as in the senile 
form, we have to do with an eye that but for the opacity would be serviceable for vision. 

254. Other forms of dystrophies have been described, mostly under the ttle of 
chronic keratitis. But, taking it all in all, the cases are so rare that hitherto only a few 
typical pictures of diseases of this sort have been constructed. One such is: 

Nodular Opacity of the Cornea (Groenouw). In the cornea are gray spots of 
rounded or irregular shape. The largest occupy the area of the pupil and sometimes 
coalesce to form quite large irregular figures (Figs. 115 and 116). The smaller spots lie 
in the periphery of the cornea and are sometimes arranged in the form of an irregular 
circle. The spots are quite superficial, and the cornea shows elevations corresponding 
to them. The unevenness of the corneal surface thus produced contributes not a little 
to the impairment of the sight. Between the spots the cornea shows a faint uniform 
cloudiness. The spots are produced by the deposition of substances insoluble in the 
body fluids (an acidophile, often laminated substance beneath the epithelium and a 
basophile granular substance in the cornea itself). The latter is the more characteristic 
and constant phenomenon. 


Fie. 115. NopviarR Opaciry oF THE CoRNEA. Fre. 116. 


In the allied Lattice-shaped Opacity of the cornea there is present together with 
the spots a network of minute lines in the cornea (Haab, Dimmer). Both forms of 
keratitis usually begin in youth and last for life, slight inflammatory symptoms making 
their appearance now and then, while the spots themselves very gradually increase. 
They frequently occur in several members of the same family. Their etiology is 
unknown. - 

Another form is the Dystrophia Epithelialis Cornee. There is found in the cornea 
a diffuse opacity which is most intense in the pupillary area, and which without any 
sharp line of demarcation fades off into the transparent margin of the cornea. The 
most pronounced change affects the epithelium, which is coarsely roughened and looks 
swollen, and in advanced eases also regularly shows vesicular elevations. These last. 
because they are transparent, appear when seen against the pupil as black spots, stand- 
ing out upon the opacity. This proves that the opacity is situated for the most part 
in the epithelium; but if we scrape the latter away, we find in the uppermost layers of 
the corneal parenchyma a faint gray opacity which can be resolved by meansof a strong 
glass into extremely minute gray dots. The diffuse appearance of the opacity, the 
marked alteration of the epithelium, and lastly, the simultaneously present insensi- 
tiveness of the cornea, correspond to the picture of a marked glaucomatous opacity 
of the cornea. . i ; 
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However, all other evidences of glaucoma are wanting, except in those not infre- 
quent cases in which a secondary increase of tension is superadded to the change in 
the cornea. The disease attacks elderly people, and sometimes only one, sometimes 
both eyes. It begins with slight symptoms of irritation, or without any irritation at 
all, so that in the latter case the disturbance of vision is the only thing that calls the 
patient’s attention to his trouble. The opacity steadily increases in the course of years, 
so that ultimately even counting the fingers is scarcely possible. The cause of the 
disease and also an effective treatment of it are unknown. [In one case of the translator’s, 
arsenic seemed to help.] 

Degenerations in Corneal Opacities.—Analogous to the dystrophies are the degen- 
erative processes occurring in corneal opacities. Such are the amyloid, hyaline, and 
caleareous concretions which are deposited in old opacities and which often lead to 
softening, disintegration, and even perforation of the cornea (see page 316). 

255. Dystrophies of the cornea which can undergo retrogression are produced 
by the action of chemical sources of injury; occurring, for example, in workmen who 
are engaged in the manufacture of aniline dyes and of naphthaline, or in dyeing with 
aniline colors, and who are exposed for years to the emanations from these substances. 
In this case there develops gradually a pretty deep, smoky-gray or brownish opacity 
which occupies chiefly that portion of the cornea which lies in the palpebral fissure; 
the surface of the cornea over the opaque parts is coarsely roughened. Inflammatory 
symptoms are absent. The opacity is situated in the epithelium and the most superficial 
layers of the cornea itself and, provided work in the manufactory is given up, disappear 
after rather a long time—sometimes after over a year—has elapsed. 

[For other conditions of abnormal pigmentation of the cornea, either congenital 


or acquired (blood-staining, etc.), see page 316.] 


IV. OPACITIES OF THE CORNEA 


256. Opacity of the cornea is a constant accompaniment of every 
inflammation of the latter. This recent inflammatory opacity is of a 
changeable nature, increasing or diminishing according to the course of the 
inflammation. From this variety we must distinguish those opacities which 
are permanent, and represent either the residua of an inflammation that has 
run its course, or the results of an injury. These permanent opacities, of 
which alone we shall treat here, we call opacities of the cornea in the nar- 
rower sense of the word. They are by far the most frequent cause of poor 
sight, and hence have a particular claim upon the interest of the physician. 

Permanent opacities of the cornea are in most cases the consequence 
of a keratitis, either suppurative or non-suppurative. In the first case the 
tissue of the ecrnea, which has been destroyed by suppuration, is replaced 
by cicatricial tissue, and the opacities thereby produced are corneal cica- 
trices in the proper sense of the word. In this category also are to be 
counted most opacities which remain after injuries. The cornea may also 
have opacities remaining after a non-suppurative keratitis, either because 
its tissue has been so altered by the deposition of a former exudate that it 
does not regain its physiological transparency even after the exudate has 
vanished, or because the exudate itself in part becomes organized and thus 
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remains as new tissue in the cornea (an example is a pannus which has been 
transformed into connective tissue). Opacities that are situated in the epi- 
thelium only are comparatively rare, occurring, for instance, in those cases 
in which the epithelium as a result of constant mechanical irritation—in 
trichiasis—becomes thickened and hence opaque. [For non-inflammatory 
opacities, see page 315.] 

257. The appearance of opacities of the cornea varies according to their 
degree of intensity and their age. Faint opacities appear as translucent 
bluish-white spots with outlines altogether hazy—macule or nubecule cor- 
nee. [Some opacities are so faint as to be quite invisible, even by oblique 
illumination, and yet, on account of their diffuseness, may cause consider- 
able reduction in sight. These can be seen with the ophthalmoscope, if we 
examine them by the directmethod, using a + 20 Dlens. The cornea then 
looks like ground glass, permeated with strize, which represent the remains 
of former vascularization (Butler). Cf. page 316.—D.] Dense opacities are 
grayish-white or pure white, and are usually pretty sharply outlined; more- 
over, in the beginning they are apt to be traversed by vessels which after- 
ward become fewer or disappear altogether. The surface of the opacity 
generally lies on a level with the adjacent healthy cornea, especially, if the 
opacities are small, although elevation or depression of the surface of the 
cornea at the site of the scar is also observed. Elevation of the surface is 
commonly the result of an ectasis of the scar. More rarely it is caused by 
excessive development of cicatricial tissue, or by thickening of the epithel- 
ium upon the surface of the sear. Depression of the surface of the cornea 
at the site of the scar occurs most frequently in the case of small scars from 
the incomplete filling up of the ulcer with cicatricial tissue (facet of the cor- 
nea). In the case of larger scars that have developed in consequence of 
extensive perforation of the cornea, or more rarely as a result of a severe 
non-purulent keratitis, a flattening of the entire cornea may follow from the 
retraction of the cicatricial tissue (applanatio cornee). This is especially apt 
to occur if a plastic irido-cyclitis had been present simultaneously with the 
inflammation of the cornea; for, on account of this irido-cyclitis, extensive 
membranous exudates are deposited in the interior of the eye, which by 
their contraction diminish the intra-ocular pressure, and so favor flattening 
of the cornea. 


258. Varieties of Inflammatory Opacities.—From the form and position of corneal 
opacities we may often gather an impression as to the variety of keratitis to which they 
owe their origin. Thus: 

(a) Macule of the cornea originate from small corneal ulcers. They most fre- 
quently develop in childhood as a consequence of conjunctivitis eezematosa, and in 
that case are often distinguished by being situated on the margin of the cornea. Quite 
characteristic opacities are the elongated ones that are left by a vascular fasciculus, 


These after they have lasted a long time clear up in the portion that adjoins the margin 
of the cornea. 
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(b) Opacities which are faint and diffused, but which are nevertheless spread 
over the greater part of the cornea, are mostly the result of pannus or of parenchyma- 
tous keratitis. Opacities resulting from pannus are situated superficially, while those 
due to parenchymatous keratitis are situated in the depth of the cornea, and when 
examined with the magnifying glass disclose, even years after the inflammation has 
ceased, the presence of deep-seated vessels (Hirschberg). 

(c) Extensive, tendinous-looking opacities, without incarceration of the iris, In 
which chalky-white dots are often visible, are observed after particularly severe cases 
of parenchymatous keratitis. Similar white dots also occur sometimes in the opacities 
due to pannus (see page 171); also in those resulting from corrosion by lime, in this 
ease depending upon imbedded calcareous particles. Finally, scars with inerustation 
of lead are also distinguished by a sharply circumscribed, extremely white opacity 
(page 147). 

(d) Marginal, ecrescentie or arcuate opacities are the consequence of catarrhal 
ulcers or of keratitis marginalis profunda; they should not be confounded with an 
arcus senilis. 

(e) Marginal sears with incarceration of the iris form after perforating ulcers in 
conjunctivitis eczematosa. They are round, often consisting of a thinner, dark center 
(the incarcerated iris) surrounded by a white cicatricial ring (Fig. 118). They lie so 
far peripherally as often to extend into the limbus, and on account of this peripheral 
situation are associated with a particularly marked displacement of the pupil (Fig. 92). 

(f) Large, dense scars with inclusion of the iris, which often occupy the whole 
cornea except a narrow rim about the margin, are most frequently produced by an ulcus 
serpens or by gonorrhceal conjunctivitis. The same sort of extensive cicatrices also 
occur after keratomalacia, diphtheria, and burns; in the last two cases scars upon the 
conjunctiva are never wanting, and conduce to the correct diagnosis. 

(g) Sharply defined punctate or striate scars are the result of traumatism, whether 
effected by accident or by design (operation). 

(h) Dense, white scars, which occupy the lowermost part of the cornea and ter- 
minate above in an almost horizontal border, are caused by keratitis e lagophthalmo. 
Sometimes we see men in whom such scars are present in both eyes. In this case the 
scars are usually the consequence of some severe disease, in which a condition of som- 
nolence and a resulting imperfect closure of the lids were present and lasted for some time. 

(i) Opacities in the lowermost part of the cornea having the shape of a triangle 
with its apex directed upward are the result of a parenchymatous keratitis which, con- 
trary to rule, has become localized in the lower half of the cornea, ur they are due to 
the deposition of an exudate upon the posterior corneal surface. 

(j) Small, bluish-white opacities which are situated at the margin of the cornea 
and project into the transparent part of it under the form of obtuse-angled triangles, 
are the residua of a sclerosing keratitis. 

Sclerosis of the Cornea.—By this is denoted a dense opacification and milk-white 
coloration of the cornea, developing without any precedent ulceration and therefore 
not consisting of scar tissue. It may be produced by a peculiar transformation of a 
pannus (see page 170) or follow deep inflammation of the cornea such as parenchymatous 
or sclerosing keratitis. Sclerosis, however, also occurs as a sclerotic degeneration of 
the cornea and then most frequently as a result of glaucoma. It is then caused either 
by the deposition of new-formed tissue on the surface of the cornea or by a considerable 
swelling and disintegration of the corneal lamella themselves. Sclerosis of the cornea 
is incurable. ' 

259. Non-Inflammatory Opacities.—Pressure opacity of the cornea is the form of 
opacity which develops in connection with an elevation of the intra-ocular tension. 
It is a diffuse, smoky opacity, which is most marked in the center of the cornea and 
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gradually diminishes toward its margin. That it is not of inflammatory nature is proved 
by the fact that, after the disappearance of the rise in tension, it very soon—often in 
less than an hour—vanishes completely, which would not be possible if it depended 
upon an inflammatory infiltration of the cornea. In fact, the pressure opacity is simply 
an cedema of the cornea, which is situated mainly in the epithelium, and which is 
capable of rapid subsidence (see Fig. 217). 

Likewise of non-iniammatory origin is the traumatie striate opacity of the cornea 
(page 303). 

Congenital Opacities of the cornea, although rare, do occur, some being of inflam- 
matory, some of non-inflammatory, origin. The former are caused by a fetal keratitis 
or by crushing of the cornea during birth. The latter are relatively more frequent, 
and are found along with other congenital eye anomalies. Embryontoxon is the name of 
a congenital opacity which in shape and appearance is like a gerontoxon. [Melanosis 
cornez (see below) is another form of congenital opacity-! 

Pigmentation of the Cornea.—A congenital form of corneal pigmentation is 
melanosis cornee. This occupies the central portion of the cornea, and lies in its deepest 
layers. It is usually present in both eyes and symmetrically in the two (Krukenberg, 
Stock, and others). Differing from this is the acquired pigmentation of the most 
posterior layers of the cornea, which oceasionally develops when the anterior chamber 
has been obliterated for some time and meanwhile pigment has got into the cornea 
from the apposed iris. Again, by a way analogousto thatin which pigmented precipitates 
are formed, iris pigment may be cast on the posterior surface of the cornea in irido- 
eyelitis and when operations are performed in the anterior chamber. Pigmentation 
of the cornea is also produced by aniline dyes, ete. (see page 313). 

A peculiar sort of opacity and coloration (blood-staining) develops when the an- 
terior chamber remains for some time filled with blood. Then the cornea, because it 
takes up the coloring matter of the blood, assumes an intense reddish, brownish, or 
brownish-green color, and at the same time becomes so opaque that the parts beneath 
ean no longer be distinguished through it. It gradually clears again, beginning at the 
edge, but only in rare cases becomes once more perfectly transparent, and then only 
after months or years have elapsed. In that stage in which the central brown portion 
is surrounded by a narrow marginal zone which has regained its transparency, it looks 
as if a brown-colored crystalline lens had prolapsed into the anterior chamber and was 
lying behind the cornea (Vossius, Treacher Collins, ete.). 

260. Metamorphoses of Corneal Opacities.—It often happens that faint scars 
dating from childhood no longer appear in adult life under the guise of a continuous 
opacity, but are traversed by clear strix, interlacing in all direc- 
tions and thus dividing the opacity into small separate areas; in 
other cases the transparent strixe follow the branching of vessels 
which had been present in the sear when it was still recent (Fig. 
117). This peculiar aspect of an opacity always indicates that 
the latter has lasted a very long time. The explanation of it prob- 
ably is that in the interstitial growth of the cornea new-formed 
transparent fibers develop between the old opaque ones. It may 


Fic. 117.—Scar or tae so happen that scars, originally fiat, later become ectatic. 
aes cea Striate Markedly ectatic scars, the most prominent point of which is 
but incompletely covered by the lids, not infrequently display 

at this point a xerotic condition of the epithelium, which looks dry and epider- 
moid. In old, dense sears, yellow spots sometimes develop, caused by the deposition 
of concretions of a hyaline or amyloid substance. Small, chalky-white specks imbedded 
in the scars are to be referred to a deposition of lime. In fact, small caleareous plates 
are frequently thus formed, which, when they become loose, can be picked off with a 
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forceps. In these cases we have to do with different varieties of retrograde metamor- 
phosis, which are referable to an insufficiency of nutrition of the dense cicatricial tissue 
(dystrophies, see page 309). Such processes may give rise to the softening and ulcerative 
disintegration of old sears—so-called atheromatous ulcers, which not infrequently induce 
perforation (page 261). 


261. With many scars incarceration of the iris occurs. This is a proof 
that there has been an antecedent perforation of the cornea; hence such 
scars are always very opaque. It is important to determine in any special 
case whether a scar of the cornea is or is not connected with the iris, since 
an incarceration of the iris may entail serious consequences. We recognize 
the presence of such an anterior synechia by the displacement of the pupil 
toward the site of the incarceration, and furthermore by the unequal depth 
of the anterior chamber, which is always shallower near the place where 
the iris is adherent. In many cases, also, the dark color of the cicatrix gives 
evidence of the incarcerated iris, the pigment of which shows through the 
cicatricial tissue (Fig. 118). 


Fie. 118. Fig. 119. 


Fie. 118.—Scar or THE CoRNEA WITH ANTERIOR SyNecHrIA. Produced by an ulcer in the 
course of a conjunctivitis eezematosa. The dark central portion of the scar is surrounded by a white 
ring. The pupil is displaced toward the scar. = 

Fie. 119.—Section THrovuGH a Scar WITH INCARCERATION OF THE IRIs. The iris runs from 
the ciliary body to the sear, and in this part of its course is greatly thinned and is adherent to the pos- 
terior surface of the cornea, so that the sinus of the chamber is obliterated, a condition which may sub- 
sequently lead to increase of tension. In the scar itself the iris is thick and puckered. On the posterior 
surface it is covered with the retinal pigment layer, on its anterior merely with epithelium, so that if 
the latter were removed, the tissue of the iris would be directly exposed. Scar tissue, m mi, is found 
only between the iris and the edge of what was formerly the perforation opening. It fills up the space 
between the two which is triangular in cross section. It is this scar tissue that corresponds to the , 
white ring which in Fig. 118 surrounds the dark incarcerated iris. 


The union between iris and cicatrix is often confined to quite a small 
spot, so small, sometimes, that only a very fine filament rises from the iris 
and passes over to the scar in the cornea. At other times, on the contrary, 
broad adhesions exist, and there may even be an incarceration of the entire 
pupillary margin of the iris in the cicatrix (Figs. 122 and 123). 


Opacities that are produced by the deposition of an exudate sometimes exhibit 
an adhesion of the iris to the cornea, and hence belong to those rare cases in which an 
anterior synechia exists without a preliminary perforation of the cornea. The iris is 
drawn up to the posterior surface of the cornea by the exudate, while the latter is con- 
tracting and undergoing organization, and becomes fixed there. In a similar way 
anterior synechia without preliminary perforation of the cornea is observed in those cases 
in which the iris has been pushed forward as far as the posterior surface of the cornea 
and kept there for some time. The iris in such cases becomes agglutinated to the cornea 
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in spots, and if it afterward, either spontaneously or as the result of an iridectomy, 
returns to its normal position, these agglutinated parts of it remain attached to the 
cornea. We then either find the iris extensively adherent to the cornea, or one or two 
tags arise from it, whose apices are inserted into the posterior corneal surface. The 
same thing may take place if the anterior chamber has been effaced for some length 
of time, so that iris and cornea have been directly in contact with each other. 


262. The question whether a scar of the cornea is or is not connected 
with the iris is of the greatest significance for the future of the eye. For 
incarceration of the iris entails two dangers—increase of tension and puru- 
lent inflammation of the interior of the eye. 

With regard to increase of tension we may stand by the rules set forth 
in the following plan: 


Scars without { Flat: no increase of tension. 
incarceration of the iris | Ectatic (keratectasia): increase of tension frequent. 
Pupillary margin partly free: no increase of tension. 
Flat } Pupillary margin totally incarcerated: increase of 
tension always occurs. 
Ectatic staphyloma: increase of tension always occurs. 


Sears with 
incarceration of the iris 


In the two cases last given, increase of tension is absent if there is a 
counteracting influence afforded by other changes which act to diminish the 
tension (e.g., fistula of the cornea, shrinking exudates in the vitreous). 
Unless aid is soon given by means of operation an eye affected with increase 
of tension is lost.' 

Purulent inflammation often sets in quite suddenly and unexpectedly in 
old scars with incarceration of the iris. If an irido-cyclitis with hypopyon 
is present an actual panophthalmitis may develop. This inflammation is 
referable to a slight lesion of the epithelium which covers the sear. Any 
defect in epithelium makes it possible for bacteria to enter a tissue. If the 
epithelial defect is found in a normal cornea or in a sear of the cornea which 
is not connected with the iris, an ulcer in the cornea or in the scar is pro- 
duced by the infection. If, however, in the case of an incarceration of the 
iris the imbedded iris lies beneath the epithelium (Fig. 119) the bacteria as 
they enter get into the iris directly, and pass back in this to the ciliary body 
and set up a purulent irido-cyclitis. \ [According to some, however, it is 
not necessary to have incarceration of the iris in order to produce this result. 
If the scar is associated with a defect of Descemet’s membrane even a super- 
ficial purulent infiltration in the tissue over this defect may give rise to a 
peculiarly rapid destructive inflammation of the eye-—D.] The danger of 
this “late infection”’ of old scars is the greater in proportion as the layer of 
scar tissue which covers the incarcerated iris is thinner, a thing which can 
be recognized from the way in which the dark color of the pigmented iris 
shows through. The danger is greater in ectatic than in flat sears, because 


™ An understanding of the different ways in which the tension of the eye behaves is obtained from 
ihe seoanines on the subject of seclusio pupilla (2348) and the anatomical causes of glaucoma (22 453 
an ¥ % 
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the former are generally thinner and because owing to their prominence the 
epithelium on their summit is more exposed to the effect of slight injuries. 

263. Disturbance of Vision Produced by Opacities of the Cornea.— 
Every opacity which falls wholly or in part within the pupillary region of 
the cornea results in disturbance of vision; for the sum of the incident rays 
at the site of the opacity, instead of being all permitted to pass through the 
cornea, is divided into two parts; one part is absorbed by the scar or is 
reflected off from it; the other part penetrates through it into the eye. The 
relation between these two parts depends upon the density of the opacity; 
the denser it is, the more numerous are the reflected, the less numerous the 
transmitted, rays. Hence the cicatrix does harm by cutting off light. To be 
sure, this factor becomesa matter of serious consideration only in very dense 
opacities since we are able to see with very much less light than we usually 
get. Thus we see through astenopzicslitscarcely less clearly—and if affected 
with an error of refraction even more clearly (§ 757)—than with the naked 
eye, although the slit allows but little light to pass. So, also, people with 
abnormally contracted pupils are still able to see with perfect distinctness. 
The real cause of the disturbance of vision produced by corneal opacities is 
not, therefore, the cutting off of light, but rather the scattering (diffusion) of 
light (see page 21). For, rays passing through a turbid medium, such as a 
cloudy cornea, are not regularly refracted, but are scattered in all direc- 
tions, just as if they emanated from the turbid stratum itself. Thus, when 
a physicist requires a uniform illumination, he makes the light from a 
luminous body pass through a ground glass plate or through oiled paper, 
substances which may then be considered toactas self-luminous bodies them- 
selves. The diffusion of the rays is themore complete the denser the opacity. 

With respect to the density and the extent of the opacity, the following 
cases are possible: 1. A dense opacity occupies the whole pupillary region 
of the cornea. Then all the light that issues through the scar is diffused; no 
image at all of external objects is formed upon the retina, and therefore 
there cannot be qualitative but only quantitative vision. 2. A faint opac- 
ity covers the whole pupillary area. In this case the diffusion of light is not 
complete. A part of the rays is refracted, although not quite regularly; 
another part is diffused. Hence there are retinal images formed, which are, 
however, indistinct; and, besides, there is much diffused light. 3. Only a 
part of the pupillary region is taken up by the opacity, while the remaining 
part is normally transparent. Then distinct retinal images are produced by 
means of the latter clear portion, but at the same time much diffused light 
is thrown into the interior of the eye by means of the clouded portion. 
Hence in this case, also, vision is disturbed, and that by the dazzling which 
the diffused light causes. 

To the disturbance of vision produced by diffusion there is often added 
that caused by the irregular curvature oi the corneal surface, which is so 
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frequently present at the site of opacity. There is thus produced that 
refractive condition which is designated by the name of irregular astigma- 
tism (see § 790). If the opacity of the cornea corresponds to a flattening of 
the surface, as in facets of the cornea, this spot refracts less strongly and is 
hypermetropic; if the cornea is bulged forward at the site of the opacity, 
as in the case of ectasix, excessive refraction, and hence myopia, are pro- 
duced. In ectatiec cicatrices of the cornea the abnormality of curvature is 
not confined to the scar, but extends to the neighboring trensparent portion 
of the cornea also, so that, as a rule, no portion of the cornea retains its nor- 
mal curvature. In consequence of the irregular astigmatism, objects appear 
indistinct, distorted, and often also double or multiple. 

The disturbance of vision produced by an opacity of the cornea often 
entails still other indirect results. Among these are strabismus, nystagmus, 
and myopia. The last named is in many cases only apparent. The patient 
with corneal opacities brings minute objects unusually close to his eye, in 
order to make their retinal images as large as possible, and so in a measure 
compensate for their indistinctness. Nevertheless, elongation of the axis of 
the eye—.e., true myopia—may ultimately develop in consequence of the 
great accommodation and convergence necessitated through such an exces- 
sive approximation of objects. [In regard to this see § 773.] 

264. Treatment.—The chief task that this has to attend to is to 
improve the sight. The means employed for this purpose are as follows: 

(a) Clearing up of the Opacity.—In the case of every opacity of recent 
date we must first try to clear it up as much as possible by the application 
of irritants (see page 266). [As Pyle has pointed out, it is particularly 
important to do this in the case of young children—first, because we are 
much more likely to succeed in clearing up opacities in them than in adults 
(see page 256); second, because the indirect results of the opacities, such as 
myopia (see above), are particularly apt to develop and advance in child- 
hood; and, third, because if such indirect results have already begun, it-is 
much easier to check them at the outset than later.—D.] 

In older opacities, which cannot be cleared up any further by medic- 
inal means, the next step apparently would be to render the cornea trans- 
parent once more by excising the opaque layers with a knife. Such 
attempts, however, have resulted unsuccessfully, for the loss of substance 
resulting from the excision of the opacity heals again with the formation of 
cicatricial tissue—that is, with the formation of an opacity, just as before. 
Removal of opacities by operation is indicated only when they are situated 
in the epithelium, since losses of epithelium are made good by normal trans- 
parent epithelium. Cases in which removal of the epithelium—abrasio cor- 
nee—is indicated, are those in which the epithelium has been thickened by 
mechanical irritation, as in trichiasis; also in those in which lead, lime, or 
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grains of powder are imbedded in the epithelium, and finally in some cases 
of zonular opacity of the cornea. 

(6) The optical aids that may be employed for improving the sight are 
glasses and the stenopxic aperture. The object of the latter is to bring 
nothing but the transparent part of the cornea into use for vision, and to 
exclude the portion bearing the opacity, by which means the dazzling due 
to diffusion is prevented. Glasses may sometimes be of advantage when 
the opacity is complicated with changes in the curvature of the cornea. 

(c) Displacement of the pupil by means of iridectomy (after the method 
of Beer) is generally the only means of restoring sight in the case of dense 
opacities which entirely conceal the pupil. Iridectomy is also indicated 
when it is not a question of producing an optical improvement, but of check- 
ing the injurious consequences that many scars cause, such as increase of 
tension and late infection. (For the indications and the method of perform 
ing this operation, see §§ 853-857.) : 

In large and very white scars of the cornea it is often desirable to do 
away with the disfigurement that they produce. For accomplishing this 
purpose, tattooing of the cornea is of service (see § 852 for method of perform- 
ing and indications). 

In some eases, especially for removing protruding or fistulous scars, transplanta- 
tion of the cornea (§ 851) may be tried. 

For clearing up old opacities, especially those produced by parenchymatous kera- 
titis, electricity has done me good service in some cases. The positive pole of a constant- 
current battery is placed on the temple or the neck, while the negative pole is applied 
to the previously cocainized cornea. The negative pole consists of a solid cylinder of 
silver, 7 mm. in diameter. This is surrounded by an insulating envelope of caoutchouc, 
the only portion exposed being the surface at its end, which is concave so as to fit the 
surface of the cornea. Contact between the electrode and the cornea is effected by a 
drop of mercury, which readily adheres to the concave surface of the silver. The current 
intensity employed is 0.2 to 0.5 milliampéres (Alleman). 


V. EcTas_® OF THE CORNEA 


265. Just as in the case of opacities, so also in the case of ectasiz of the 
cornea, we must first of all distinguish whether they have been produced by 
inflammation or not. On the basis of this distinction we make the following 
subdivision of ectasiz of the cornea: 

Staphyloma, 
Keratectasia. 


Ectasiz of inflammatory ori in | Reratoconus, 
-inflammz 2 
Sree, iia} Pires | Keratoglobus. 


Ectasize of inflammatory origin... . | 


By many authors the expression staphyloma cornew is employed in a broader 
sense, and all ectasie of the cornea are designated under this name. In that case a 
further division of the term is made by distinguishing the transparent ectasie of the 
cornea, keratoconus and keratoglobus, under the name of staphyloma pellucidum, from 
cicatricial staphylomata and from keratectasie. 

21 
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1. Staphyloma of the Cornea 


266. Symptoms.—A staphyloma is a protuberant scar originating in a 
prolapse of the iris, and wholly or in part replacing the cornea. We distin- 
guish accordingly between total and partial staphylomata. In total staphy- 
loma there is found in place of the cornea an opaque, protuberant cicatrix, 
the base of which is encircled by the margin of the sclera or by the very out- 
ermost rim of the cornea, which 
may still be preserved. In one 
series of cases the protuberant 
cornea has the form of a cone 
(staphyloma totale conicum). 
In conical staphyloma the pro- 
tuberancestarting from the mar- 
gin of the sclera slopes gradually 
up to its apex (Fig. 124). In 
other cases, however, the pro- 
tuberance is hemispherical (sta- 
phyloma totale sphericum), and 
its walls, rising abruptly from 
the sclera or even overhanging 
it, are sharply demarcated from 
the latter (Fig. 121). Thespheri- 
Fie. 121,—Torar Spwerican StaPHyLoma oF THE Cor- Cal is more frequent than the 

OuGhGiNa Eaou tau Tovan Paotaren’ or. oma: COnIGaL TOKGY, $m) total et pam 
Iris REPRESENTED IN Fra. 120. loma. Many spherical staphy- 


Out of the iris, 7 (Fig. 120), which has been thinned 


out in consequence of its protrusion, a thick cicatrix, eg Tas q 
N, has grown, in which a thin spot, a, corresponds to lomata, above all those of recent 


what was once the pupil (p, Fig. 120), while on the pos- dat ave auch 9 sv, r . a 
terior surface of the cicatrix the retinal pigment of the date, have such a y ery thin wall 


iris remains as a black coating, 7. The staphyloma is that, a lay ; = Bae 
apparently directly continuous with the sclera, S, from that the lay er of black pigment 


which it is separated only by Schlemm’s canal, s. For, on io 1919 its a 1; e 
account of the elevation of tension, the pe riphe ry of the (Fig. 121, v) on its posterior sur 


iris has been pressed against the cornea so that the ante- f¢ jaa . Sane 
rior chamber (v, Fig. 120) has disappeared, and the iris face 1s seen through It, shining 


and the marginal portions of the cornea are fused into » with a bluish luster. Such sta- 


single mass which has been incorporated in the staphy- 


loma, As a comparison of the two figures shows, the phylomata accordingly form a 


corneo-scleral margin has become distended, Because of 


this, and also because of the shrinking of the lens, L, olate-e . igh. > 
the zonula has become tightly stretched, and has drawn slate colore d or bluish black 


the atrophic ciliary processes, c, inward. The lens is is > thiech j 
cataractous, shrunken, and has at its anterior in a hemisphe ah ikl hich mn form and 
‘ pyramidal cataract, p. color has a certain resemblance 
to a blue grape, whence the name staphyloma (sra9v47, a bunch of grapes). 
Afterward thickening of the wall of the staphyloma occurs. If this takes 
place first under the form of separate, stout bands, by which the surface of 
the staphyloma is constricted in spots somewhat after the fashion of a black- 
berry, what is called staphyloma racemosum is produced. Old staphylo- 
mata have for the most part a thick white wall, in which usually one or two 


dark spots raay be observed, resulting either from a deposition of pigment 
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or from localized thinning (Fig. 121, a). Staphylomata are generally tra- 
versed by one or two pretty large vessels originating from the conjunctiva. 
On account of the opaqueness of the staphyloma, nothing is to be seen of the 
deeper parts of the eye. The iris is all taken up into the staphyloma—that 
is, all of it except its extreme periphery, which is so closely applied to the 
posterior surface of what remains of the marginal portion of the cornea that. 
there is no longer any anterior chamber. 


A partial staphyloma occupies only a portion of the cornea. It rises as: 
a white prominence, usually in the form of a cone (staphyloma partialevon- 
icum) ; a spherical protuberance (staphyloma partiale sphericum) is pretty 
rare in the case of partial staphylomata. The relation here, therefore, is the 
reverse of what it is in the case of total staphyloma. A partial staphyloma. 
usually extends in one direction as far as the margin of the cornea, while in 
the other direction there is a portion of the cornea of varying extent which 
is still left, and which, moreover, is generally transparent, so that the iris 
can be recognized behind it. The iris is drawn forward to the staphyloma, 
so that the pupil is displaced toward the latter and often partly concealed 
by it. Indeed, the pupil may be closed up altogether if the whole pupillary 
margin of the iris is incorporated in the staphyloma (as is the rule in the case 
of total staphyloma). 


267. Anatomy of Staphyloma of the Cornea.—The wall of a staphyloma consists 
of a dense, tough cicatricial tissue, which is traversed by a few vessels, and often con- 
tains pigment imbedded in it. The thickness of the wall differs greatly; it varies from 
the thickness of a sheet of paper to a thickness three times as great as that of the normal 
cornea, and more. Very thick staphylomata are often as hard as cartilage, and when 
ablation is performed can scarcely be cut through. Thick and thin spots frequently 
occur in the wall of the same staphyloma (Figs. 121 and 124). The anterior surface 
of the staphyloma is covered by a thick, irregular layer of epithelium, sometimes con- 
taining epithelial pearls. The posterior surface is frequently uneven, on account of 
the inequality in thickness of the wall. It is covered by a coating of black pigment (Fig- 
121, i, and Fig. 124), which is nothing but the retinal pigment layer of the iris. As, 
however, this has to be distributed over such a large surface, it is rarefied, so that the 
epithelial coating shows numerous gaps, and in the center of the staphyloma, corre- 
sponding to what was once the pupil, it is often entirely wanting. Through staphylo- 
mata with thin walls light can be passed by means of focal illumination, and in this. 
way the pigment layer may be demonstrated in the living eye. Why Bowman’s mem- 
brane should be wanting on the anterior surface of the staphyloma, and Descemet’s 
membrane on its posterior surface, is self-evident since the staphyloma is not cicatrized 
cornea, but is iris, and represents a spot at which the cornea has been destroyed. It 
is only on the sloping sides and the edges of the staphyloma, which are formed of the 
remains of the cornea, that both these membranes can still be demonstrated. This is 
more the case in a conical than in a spherical staphyloma. A spherical staphyloma, in 
fact, is produced in cases where the sides of the perforation shelve off abruptly, so that 
the cornea even in the immediate vicinity of the opening has its normal thickness. In 
this case, when the prolapsed iris is driven out into the opening, the adjoining corneal 
tissue takes little or no part in it. The sides of the prolapse rise at right angles to the 
adjoining corneal surface, and thus a spherical staphyloma is formed. A staphyloma 
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of the sort readily develops when, as in Fig. 120, only a narrow marginal rim of cornea 
is left. This rim then is afterward carried forward under the influence of the intra- 
ocular pressure, while the sclera being firm offers resistance, so that now there is a 
furrow formed at the corneo-scleral junction (Fig. 121). The latter is particularly apt 
to develop such a furrow, since even under normal conditions it forms a re-entrant angle. 
A conical staphyloma, on the other hand, is the result of a less extensive perforation 
(Fig. 122), in which the portions of cornea forming the walls of the aperture taper down 
toward the latter, and on account of their thinness are driven forward at the same time 
with the prolapsed iris. The fully developed ectasis, therefore, consists only in its 


Erg. 1 


bo 
bw 


Fie. 123. Fie. 124. 


Fias, 122-124.—DrvELoPpMENT OF A ToTaL ConicaL StapHytoma. Magnified 3 X 1. 


Fria. 122.—A large ulcer has destroyed the central portions of the cornea. Into the aperture left 
by the perforation projects the iris; on the right side, r, presenting only by its pupillary border, while on 
the left side, J, it forms a real prolapse. A gray mass, e, composed of coagulated fibrin, pus corpuscles, 
and detritus, fills the perforation and covets the exposed iris. The anterior chamber, v, is very shallow, 
and nevertheless the posterior chamber has become shallower as well, because the lens is pushed for- 
ward. Moreover, the latter, owing to the relaxation of the zonula, has an increased curvature. 

Fie. 123.—In place of the prolapsed iris a somewhat protuberant scar has developed, which is 
thinner than the cornea, and in which is included the entire pupillary margin of the iris. In conse- 
quence of this seclusio pupille the whole iris has been pushed forward right up against the cornea, so 
that the anterior chamber has disappeared and the posterior chamber has become correspondingly 
deeper. The lens has re-acquired its normal shape, and shows beginning opacification of its cortical 
layers and wrinkling of the anterior capsule in the region, &, formerly occupied by the pupil 

Fria. 124.—The increase of tension that has set in as a result of the seclusio pupille has produced 
a uniform protrusion of the marginal portions of the cornea, which now form the sloping sides of the 
conical protuberance, and which are not separated by any sharp line of demarcation from the central 
cicatrix. On the right side of the drawing the iris can still be made out, although fast adherent to the 
cornea and greatly atrophied. On the left side nothing is left of the iris but the retinal pigment layer 
coating the posterior wall of the staphyloma. The wall of the staphyloma shows various protuber- 
ances caused by the constant increase in tension. The largest of these, a, situated directly in front of 
the ciliary body, represents a beginning interealary staphyloma. The posterior chamber is very deep, 
the ciliary body, owing to atrophy, is flattened out, and the lens is shrunken, flat like a cake, and 
presents a capsular thickening, k. ‘ 


central part of old prolapsed iris, its lateral slopes being in large part formed of the 
tapering, protruded cornea (Fig. 124). For this reason the ectasis does not rise abruptly 
from the cornea, but presents a gradual slope from its margin up, so that a conical 
shape is thus given it. 

In staphyloma the tris persists as an independent structure only in cases in which 
at least a part of the pupil has remained free, so that the anterior and posterior chambers 
can communicate through it. If, on the other hand, the entire pupillary border has 
been incorporated in the cicatrix (seclusio pupille), increase of tension sets in, and as 
the iris is consequently pushed forward right up to the cornea (Fig. 123), the shallow 
anterior chamber, which was present at the outset (Figs. 120 and 122, »), disappears. 
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Then the iris becomes more and more intimately adherent to the cornea, and becomes 
constantly thinner and thinner as a result of atrophy, so that at last scarcely anything 
of it but the pigment layer remains to cover the posterior surface of the staphyloma 
(Fig. 124). In such cases, even when the marginal portions of the cornea are still 
somewhat transparent, the performance of an iridectomy has become technically 
impossible. 

As the anterior chamber becomes shallower the posterior becomes deeper; in 


_ total staphylomata, the whole large space between the posterior surface of the staphy- 


loma and the lens is to be looked upon as the posterior chamber (Figs. 121 and 124). 

The ciliary body suffers mainly on account of the increase in tension, which causes 
it to atrophy, especially if an ectasis of the sclera develops in the ciliary region (staphy- 
loma ciliare). Furthermore, the ciliary processes are sometimes very strongly pulled 
upon by the fibers of the zonula, and are thus elongated (c, Fig. 121). 

The lens very frequently suffers changes in the case of staphylomata. In total 
staphylomata it is often entirely wanting, because it has been discharged from the 
eye through the pupil at the time when a large perforation existed. If the lens is still 
present it frequently shows alterations of position, being tilted in consequence of the 
unequal bulging of the staphyloma. Sometimes we find it partially adherent to the 
staphyloma, or it vibrates with the movements of the eye, because of the atrophy of 
the stretched zonula of Zinn. These alterations in the lens favor the development of 
an increase in tension; for this reason, after performing incision or ablation of the 
staphyloma, we remove the lens from the eye. Very frequently the lens is rendered 
opaque either in toto or only at its anterior pole (anterior polar cataract, p, Fig. 121). 
In some few cases we may find the lens greatly diminished in size, or even shrunken 
into a mere membrane (Fig. 124). 

The deeper parts of the eye also suffer from the increase in tension. Excavation 
of the optic nerve, atrophy of the retina and chorioid, and fluidity of the vitreous thus 


develop. 


268. Etiology.—Staphyloma constitutes the final outcome of the cor- 
neal ulcer with perforation, and is nothing but the prolapsed iris which has 
become protruded and transformed into cicatricial tissue. The pro- 
trusion may be primary or secondary in its development. 

(a) A primary protrusion is produced in the following way: After 
perforation of the cornea has occurred, the iris becomes prolapsed and 
bulges forward because it is too weak to sustain even the normal intra-ocu- 
lar pressure. The cicatrization which follows, and which in favorable cases 
produces flattening of the prolapse, cannot in unfavorable cases do away 
with the protrusion. On the contrary, the prolapsed iris remains protruded 
at the same time that it is gradually converted into cicatricial tissue; it 
becomes consolidated while still in a position of protrusion (thus from the 
prolapse of iris in Fig. 120 is formed the staphyloma represented in Vig. 121). 
A total or partial staphyloma develops according as a total or partial pro- 
lapse of the iris has existed. The causes which oppose the conversion of a 
prolapse of the iris into a flat scar and which favor the formation of a 
staphyloma are chiefly two: The first is large size of the perforation. In very 
small perforations there is no development whatever of staphyloma,; and 
the larger the perforation, the more likely is it that a staphyloma will 
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’ develop. The second cause is improper behavior on the part of the patient. 
In this regard the chief factors to be considered are, in adults, great 
physical exertion; in children, crying, and also squeezing together of the 
lids; and, in both, great straining at stool. The temporary increase of 
tension induced by this means distends the newly formed and yielding 
cicatricial tissue; but as the latter has no elasticity, it does not 
return to its former dimensions after the elevation of tension has disap- 
peared, but remains permanently protruded. In that case, however, ® 
permanent protrusion leads sooner or later to permanent increase of 
tension which now does not have its cause in external influences but in the 
obliteration of the sinus of the chamber produced by the incarceration of 

the iris. 

(b) We speak of a secondary protrusion when a prolapse of the iris q 
first heals with the formation of a flat sear, which latter afterwards bulges __ 
out again. The cause of this is frequently supplied by the same injurious 
influences that have been enumerated above—e. g., by the too early resump- “4 
tion of work by a patient with a recently cicatrized corneal ulcer. The recent 
cicatrix is still too yielding to offer'a proper resistance to the repeated though 
‘transitory elevations of intra-ocular pressure, and so becomes gradually dis- ; 
tended. But in any case a protrusion is sure to occur whenever the inelu- | 
sion of the iris is of suck a kind that by it there are produced a blocking of 7 
the channels of outflow (page 15) and consequently a permanent increase of 
intra-ocular tension. This is very often the case in partial inclusion of the 
iris and very regularly so in inclusion of the whole pupillary margin (seclusio 
pupill#, Figs. 122-124). “ 
' In individual cases a primary and secondary protrusion cannot always 
be sharply differentiated. A very frequent case is that in which the iris, 
being extensively prolapsed, is protruded from the start; the intra-ocular 
pressure in this case being at first normal and afterwards gradually rising, 
so that the protrusion then increases still more. 

A staphyloma, accordingly, in its origin is not a bulging of the corneal 
tissue, but of the iris. It develops from a prolapse of the iris, which is con- 
verted into cicatricial tissue—that is, it develops just at the spot where the 
cornea no longer exists. It would therefore be more correct to speak of 
staphyloma iridis. In fact, the transition from prolapse of iris to staphy- 
loma is altogether gradual, so that at a certain stage of its development the 
protrusion in the eye may be equally well denoted as an old prolapse of the 
iris or as a recent staphyloma. 

269. Consequences of Staphyloma of the Cornea.—The sight is always 
diminished. In total staphyloma it is reduced to the mere ability to distin- 
guish between light and darkness. In partial staphyloma the degree of sight 
depends upon the character of the part of the cornea that is still preserved, 
and also upon the position of the pupil. Even in the most favorable case, 
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in which a part of the pupil happens still to lie behind perfectly transparent 
cornea, the sight is considerably reduced by the irregular curvature which 
is present not only at the site of the staphyloma itself, but to a less degree 
over the whole cornea. Large staphylomata produce a very conspicuous 
disfigurement. They also cause trouble by giving rise through mechanical 
irritation to catarrhal conditions of the conjunctiva, with increased secre- 
tion, lachrymation, ete. Closure of the lids is rendered difficult in the case 
of large staphylomata by the great size of the protrusion; the apex of the 
latter, being but incompletely covered by the lids, becomes dry (xerotic), or 
becomes the site of ulcers (atheromatous ulcers). Semetimes the lids are 
forced so much apart by the staphyloma that ectropion develops. 

Staphyloma of the cornea is almost invariably accompanied by eleva- 
tion of tension. With regard to the relation between this and the staphy- 
loma, two sets of cases exist—i. e., the increase of tension may be the cause 
or the result of the staphyloma. 

But when a staphyloma has once developed, elevation of tension is 
always present. Besides causing the increase of intra-ocular pressure that 
is perceptible to the touch, this elevation of tension finds its chief expression 
in a diminution of sight, which finally ends in complete blindness. Pain, 
too, is sometimes associated with the elevation of tension. Moreover, as 
soon as the increase of tension has set in, it gives rise to further changes both 
in the staphyloma and also in the whole eyeball. Thin-walled staphylomata 
are made to protrude farther and farther by the heightened pressure, and 
thus suffer an increasing attenuation of their wall, until the latter, from 
almost any trifling cause, ruptures at some particularly yielding spot. | 
Opening of the staphyloma may. also occur from perforation of one of those 
ulcers which so frequently develop at the apex of the staphyloma, either as 
a result of mechanical injury or because of the inadequate nutrition of the 
scar tissue. In either case when perforation takes place the aqueous humor 
is discharged in great abundance; and the staphyloma collapses, becomes 
smaller, and remains so for some time. But perforation of the staphyloma 
may also be followed by profuse intra-ocular hemorrhage, or by severe irido- 
eyclitis or panophthalmitis. Then the eyeball undergoes atrophy, and by 
this means a sort of spontaneous cure of the staphyloma takes place. 

The scleral portion of the eyeball, too, when the elevation of tension 
has lasted a2 pretty long time, gives way and becomes distended, especially 
in young people in whom the sclera is more extensible. In this case we 
observe both total and partial ectasia of the sclera. In the former, the 
sclera becomes uniformly distended, the entire eyeball grows larger, and the 
sclera becomes so thin as to look bluish owing to the way in which the chor- 
ioidal pigment shines through it. In the second case, the sclera in the vicin- 
ity of the cornea bulges forward under the form of a circumscribed swelling, 
which appears dark from the pigment shinimg through it; intercalary and 
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ciliary staphylomata (see page 359) are developed. Very frequently general 
and partial ectasie of the sclera are found simultaneously in the same eye, 
which may thus grow to an enormous size. 


As a rule, the increase of tension resulting from staphyloma develops quite gradu- 
ally. But sometimes protrusion of the cicatrix and increase of tension take place 
simultaneously and in a sudden fashion, as the following example may illustrate: A 
person has had an ulcus serpens which has destroyed the cornea in its central part. 
Under suitable treatment the prolapsed iris is in process of transformation into a flat 
cicatrix. Then, one morning the patient complains of violent pain which has suddenly 
developed in the eye. After removing the bandage we find the eye, which the day 
before was almost free from irritation, now the seat of a dusky ciliary injection. The 
cicatrix is bulged forward in the form of a cone, and the anterior chamber is very shal- 
low, or is altogether abolished, because the iris is pressed against the cornea. The 
latter looks dull, and small hemorrhages are visible in the cicatrix or in the anterior 
chamber. The eye is hard, and very sensitive to the touch. An external cause for this 
sudden change in the course of healing is generally not discoverable. 


270. Treatment.—Stress is chiefly to be laid upon prophylaxis. The 
physician who has to treat an eye with prolapse of the iris must make every 
endeavor to secure the production of a flat cicatrix. He should not suffer 
a staphyloma to develop before his very eyes. In this connection, what has 
been said in regard to prolapse of the iris (page 264) may be consulted. 
When we have succeeded in effecting the formation of a flat cicatrix we 
must, while the latter is still recent, take measures to keep it from bulging 
out again. With this end in view we should refrain from discharging the 
patient too soon from treatment, and particularly we must advise him to 
abstain for a long time from all severe physical exertion. It is often advis- 
able before discharging the patient to perform an iridectomy, whenever pos- 
sible, as by this means the subsequent development of an ectasis is most 
effectually counteracted. 

If we have to do with a staphyloma which has already developed, our 
treatment must have a different object in view, according as the case in hand 
is a total or a partial staphyloma. With the former the sight is irreparably 
lost, since there is no transparent cornea left; we must hence confine our- 
selves to the relief of the symptoms and of the disfigurement produced by 
the staphyloma. With partial staphylomata, our first aim is to improve 
whatever sight may be left, or at least to preserve it from injury (as would 
be produced by increase of tension). For the methods which are employed 
for the cure of staphyloma and which are all of an operative character 
see $$ 848, 849. 

It cannot be denied that, in spite of the therapeutic means at our com- 
mand, the cicatrix im many cases keeps constantly bulging anew, the 
increase in tension returns every time and thus the eye slowly but inevit- 
ably goes blind. 
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2. Keratectasta 


271. By keratectasia we understand a protrusion of the cornea, which 
makes its appearance after inflammation of the latter, without, however, 
any perforation having taken place. The protrusion, therefore, in this case 
consists of corneal tissue, in contradistinction to staphylomata, in which it 
is formed of the tissue of the iris. From ectasie of the cornea of non-inflam- 
matory origin—i. e., keratoconus and keratoglobus—the inflammatory ecta- 
sia of the cornea is distinguished by the fact that the bulging portion of the 
cornea, in consequence of the inflammation, is opaque. 

Inflammation produces protrusion of the cornea by thinning it or by 
softening it. It produces protrusion by thinning in those cases in which an 
ulcer of the cornea has destroyed the superficial lamell of the latter to such 
an extent that the posterior lamella are no longer able by themselves to 
offer resistance to the intra-ocular pressure (keratectasia ex ulcere, Fig. 125). 
If all the layers as far as the membrane of Descemet have been destroyed, 


Fic. 125.—KerRaATECTASIA EX ULCERE. Magnified 25 X 1. 
: ; d : 5 eae , ; nea te 
The thinned and bulging cicatrix, N, is distinguished from the surrounding normal cornea by 
denser structure. The epithelium, e, over it is thickened, while Bowman’s membrane, }, is wanting 
in this spot. On the other hand, Descemet’s membrane, d, along with its epithelium is everywhere 
present—a proof that the ulcer has not perforated. 


a hernia of this membrane (keratocele) is produced, which may cicatrize in 
this ectatic form. In this case this hernia persists as a perfectly transparent 
vesicle which projects above the surface of the cornea, and which is sur- 
rounded by an opaque cicatricial ring. 

Ectasis of the cornea may also take place because of a softening thati 
results from inflammation. Under this head belong the keratectasia e panno, 
which develops when a thick pannus penetrates pretty deeply into the cor- 
nea proper, also the keratectasia following parenchymatous keratitis. In 
these cases the cornea protrudes as a whole and uniformly, while in kera- 
tectasia ex ulcere it is generally only a local protrusion that is present. 

A consequence common to all inflammatory ectasia of the cornea is 
that the protruding portions have very little power of regaining their trans- 
parency. Accordingly, the prognosis for vision in pannus, keratitis paren- 
chymatosa, etc., must be regarded as essentially more unfavorable as Soon 
as protrusion of the cornea shows itself. And in considering the prognosis 
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we must take into account, besides the opacity of the bulging cornea, its 
alteration in curvature and the resulting alteration of refraction of the eye. 
Sometimes keratectasia is followed by increase of tension. 

Treatment is powerless against a fully developed keratectasia; it is 
attended with success only when there is a question of combating a protru- 
sion that is in the process of development. The means suited for this latter 
purpose are repeated punctures of the cornea with the subsequent applica- 
tion of a pressure bandage, and iridectomy. Very small ectasiz, as, for 
example, small keratoceles, we may perforate with a cautery point and then 
induce the formation of a flat cicatrix by the long-continued application of 
a pressure bandage. 

Keratectasia corresponds to applanatio corne, staphyloma to phthisis corner. In 
the two former cases the cornea itself is protruded or flattened in consequence of inflam- 
mation. In staphyloma and in phthisis, on the other hand, the cornea is either partially 
or wholly destroyed, and it is the prolapsed iris that forms the ectatic or flattened cicatrix. 


Marginal ectasia with obliquity of the cornea or with a general protrusion of it 
may occur as a result of catarrhal ulcers (page 258) or senile marginal atrophy (page 310). 


3. Keratoconus 


272. Symptoms and Course.—In keratoconus, the central part of the 
cornea very gradually and without inflammatory symptoms begins te balge 
forward in the form of a cone. At first the cor- 
nea is perfectly transparent, and its peripheral 
portions keep their normal curvature. Accord- 
ingly, the bulging forward of the center of the 
cornea, as long as it has not advanced too far, is 
recognized only by the diminution in size which 
the corneal reflex presents in the central part of 
the cornea. In the subsequent course of the dis- 
ease the bulging of the center constantly in- 

Bion Seal creases, and the peripheral parts of the cornea are 

(After Elschnig.) also involved in the conical projection, so that we 

can perceive the conical shape of the cornea at a glance, especially when we 

look at the eye from the side (Fig. 126). Finally, the apex of the cone 
becomes opaque and its surface uneven. 

To the patient the disease makes itself apparent only by the disturb- 
ance of vision. The eye becomes apparently myopic, so that all objects 
have to be brought up very close. Nevertheless, perfectly sharp vision is 
not attamable by means of spherical concave glasses, because the bulging of 
the cornea is not spherical, but conical (hyperbolic). By the development 
of the opacity at the apex of the cone the visual power is, of course, still fur- 
ther reduced. 

Keratoconus is a rare disease, which, as a rule, affects both eyes. It 
begins for the most part between the twelfth and the twentieth year, devel- 
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ops very gradually in the course of years to the height above described, and 
ultimately, sooner or later, comes to a standstill. A subsidence of the 
ectasis is not observed; but ulceration or rupture of the cornea is not 
observed either, Nor does increase in tension, which so frequently develops 
in inflammatory ectasix of the cornea, occur. 

The cause of the protrusion lies in a progressive thinning of the central 
portion of the cornea, which consequently gives way before the intra-ocular 
pressure [i.e., the tension is relatively too high (see page 85)—D.]. How 
this thinning is produced is unknown. 


In keratoconus the ectasia of the cornea is associated with a corresponding thin- 
ning of the latter within the area of the conical protrusion. This thinning of the cornea 
within the area of the conical protrusion can be demonstrated by the ease with which 
the apex of the cone can be dimpled by means of a sound. Anatomical examinations 
also have demonstrated that the cornea may be reduced in its center to a third of its 
normal thickness (Wagner, Hulke). 

Owing to the considerable degree of stretching of the cornea, lacerations are pro- 
duced in Descemet’s membrane. The opacities which are found at the apex of the 
keratoconus are partly the result of the lacerations, partly the result of mechanical 
injuries to which the superficial layers of the cornea are exposed at the point of greatest 
prominence. In particularly severe cases, ulceration at the apex of the cone may be 
produced in this way. 

Besides opacities which are lasting and which constantly increase, there are some- 
times discovered opacities that are present for a time only. These form very minute 
parallel and generally vertical gray lines at the apex of the cone, and probably represent 
wrinkles on the posterior surface of the cornea. 

A keratoconus of slight degree may be readily overlooked, since the cornea is 
perfectly transparent. The diagnosis, however, can be made even in the earlier stages 
by examining the corneal reflex, particularly if we use Placido’s keratoscope (§ 788) 
for the purpose. [See also Fig. 399.] The latter instrument at the same time shows 
most clearly that the apex of the cone is not ordinarily situated in the center of the cornea, 
but somewhere below it. Again, if we illuminate the pupil with the ophthalmoscope, 
we see in the red field of the former an annular shadow which is particularly dark at 
one spot; this spot shifts with the movements of the mirror. 

In high degrees of keratoconus, in which the apex is already opaque, the distinc- 
tion from a keratectasia following a central ulcer of the cornea is often very difficult. 
We must then take into consideration the condition of the other eye. In keratoconus 
we almost always find the second eye diseased as well, although not ordinarily to the 
same extent; while a central keratectasia could only by a rare accident be present at 
the same time in both eyes. 

Keratoconus affects the female more frequently than the male sex. In somecases the 
statement has been made to me by female patients that in the course of repeated pregnan- 
cies the trouble has made particularly rapid progress each time that pregnancy hasoccurred. 

When we see a keratoconus at the outset we can never foretell to what extent it 
will develop, since in some instances it remains stationary after having attained only 
a moderate pitch, at other times it reaches the very highest point, and moreover ordina- 
rily acts in a different sort of way in the two eyes of the same patient. 


273. Treatment can point to but slight results in this disease. If we are 
dealing with cases of moderate intensity, and particularly if after being 


302 TEXT-BOOK OF OPHTHALMOLOGY 


under observation for a long time they prove to be stationary, it is best to 
content ourselves with an optical correction of the refractive error. Usually 
a satisfactory improvement in the sight can be secured by concave spherical 
glasses, either alone or combined with cylinders. [In selected cases marked 
improvement of sight is secured by the use of disks with stenopzic holes or 
slits, the size and shape of these being determined by careful experiment 
(Mackay, Hensen, Snellen, Fox).—D.] When the protrusion has become 
so great that serviceable vision cannot be obtained even with glasses, oper- 
ation is indicated (see § 850). 

Attempts to arrest keratoconus by non-operative means have consisted in the long- 


continued instillation of a miotic, to diminish the pressure in the anterior chamber, or 
in the employment of compression. Neither procedure has any success to point to, 


4. Keratoglobus 


274. In keratoglobus the cornea as a whole is larger than normal. 
‘Keratoglobus is but one of the symptoms of the general enlargement of the 
eyeball that constitutes buphthalmus, and for this reason reference must be 
made to the latter disease ($ 447) for its description. 


(Though keratoglobus is thus regarded as one of the forms of glaucoma, cases 
have been described in which no evidences of glaucoma were present (Stahli).—D.] 

In keratoglobus we sometimes see in the otherwise transparent cornea faint, gray, 
sharply defined opacities of striate or band-like form. These are the result of isolated 
lacerations or detachments of Descemet’s membrane, produced, as in the case of a 
keratoconus, by the excessive stretching of the cornea, 


275. Tumors of the Cornea.—Tumors that develop primarily in the cornea are 
among the greatest of rarities. Isolated instances of primary papilloma, fibroma, 
myxoma, sarcoma, and.epithelioma of the cornea have been published. The ecareino- 
mata and sarcomata which not infrequently are observed upon the cornea do not 
originate there, but in the adjacent conjunctiva, and in fact generally in the limbus. 
These tumors have been already considered under diseases of the conjunctiva; so also 
has been the dermoid, a congenital form of tumor, situated partly upon the cornea, 
partly in the conjunctiva. 


CHAPTER III 
DISEASES OF THE SCLERA 


ANATOMY 


276. Tue sclera,! together with the cornea, forms the fibrous envelope 
of the eye, the shape of which is nearly that of a sphere having a constriction 
corresponding to the basis of the cornea. The mean diameter of this sphere 
(length of the axis of the eye) amounts to 24mm. The sclera is thickest in 
the posterior segment of the eyeball, where it has a thickness of about 1 mm. 
It gradually diminishes ‘n thickness anteriorly, becoming, however, some- 
what thicker in the most anterior segment, because here the tendons of the 
recti muscles become fused with and reinforce it. 

The sclera consists of fine fibrillee of connective tissue, which are united 
into bundles. These run, generally speaking, in two directions—from 
before backward (meridional fibers), and in a direction concentric with the 
margin of the cornea (circular or equatorial fibers). Between the bundles 
are found a few flat cells. The tissue of the sclera and of the cornea are 
very much alike, and, moreover, at the corneal margin pass into each other 
without any sharp line of demarcation. They are chiefly distinguished by 
the arrangement of the bundles of fibers, which is much more regular in the 
cornea than in the sclera. 

The sclera also contains branched pigment cells, which for the most 
part are met with only in its deep layersand also along the vessels and nerves 
that traverse it. In the living eye we often perceive the pigment in the 
spots where the anterior ciliary veins emerge from the sclera, these spots 
appearing as small brown dots upon the white membrane. Sometimes we 
find in the human eye larger, slate-colored or light violet spots upon the 
sclera due to an abnormal pigmentation. Such pigmentation as this is the 
rule in many animals. If the sclera is thin, the pigment of the subjacent 
chorioid is seen as a dark substance shining through it. In this case, which 
occurs especially in children, the white of the eye has a bluish tint, like thin 
‘white porcelain. In some families great thinning and consequent bluish col- 
oration of the sclera occurs as a congenital anomaly. It usually is associated 
with abnormal fragility of the bones. 

The sclera is traversed by vessels and nerves which penetrate into the 
interior of the eye, but has itself very few vessels. On the other hand, there 
are numerous vessels contained in the so-called episcleral tissue, that loose 
connective tissue which envelops the sclera and in the anterior segment of 
the eye attaches the conjunctiva to it. In the posterior segment of the eye 


1 From oxdnpos, hard. 
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the optic nerve passes through the sclera, which here apparently has an 
aperture for the passage of the nerve (foramen sclere). In reality, however, 
the inner layers of the sclera are continued as the lamina cribrosa through 
the foramen sclere (Fig. 24; for more precise particulars, see § 540). 


I. INFLAMMATION OF THE SCLERA 


277. Inflammation of the sclera (scleritis), which belongs among the 
_rarer affections of the eye, attacks the anterior segment of the sclera, lying 
between the equator of the eyeball and the margin of the cornea. It some- 
times affects only the superficial layers of the sclera, sometimes the deep 
layers also. In the first case the disease runs its course without entailing 
any injury upon the eye; but in the second case it is dangerous to the sight, 
inasmuch as the inflammation spreads from the sclera to the other mem- 
branes of the eye. It is hence of practical importance to distinguish between 
a superficial and a deep form of the disease (episcleritis and scleritis of 
authors). \ 
(a) Superficial Form of Scleritis (Episcleritis) 

278. This form makes its appearance as a focal inflammation, a cireum- 
scribed inflammatory nodule forming in the sclera. At the affected spot 
the sclera, owing to the deposition of exudate, bulges out in the form of a 
boss, so that a prominence which is sometimes flat, sometimes more acute, 
and which may reach or surpass the size of a lentil, is found here (Fig. 127). 
This is traversed by vessels which, because deeply situated (episcleral), are 
violet in color; and it is immovably attached to the sclera, while the con- 
junctiva, though, to be sure, injected, can be moved about freely. The 
nodule feels hard, and is sometimes very sensitive to the touch. Except at 
the site of the nodule the eye may be perfectly free from injection. The 
subjective disturbances vary greatly; frequently the disease is associated 
with but slight discomfort for the patient, while in other cases very violent 
pain is present, which for a long time deprives the patient of sleep. 

In the subsequent course of the disease disintegration and ulceration of 
the nodules never occur; on the contrary, they always disappear by resorp- 
tion. After the inflammation has remained at its acme for some weeks, the 
nodule gradually flattens, becomes paler, and at length disappears com- 
pletely, after lasting altogether from four to eight weeks. Sometimes it 
leaves no trace behind it; more frequently, however, at the spot where it 
was situated a slate-colored patch is left, and in the same place the sclera 
appears somewhat depressed and the conjunctiva is closely adherent to it 
(cicatrix in the sclera). In other respects the eye suffers no after-injury 
from the inflammation. 

Scleritis is peculiarly prone to recur. The disease may, to be sure, stop 
with one or two attacks, or years may intervene between the attacks; but 
in other cases, scarcely has the first nodule disappeared—nay, even the first, 
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one may not have disappeared—when a second one appears upon another 
portion of the sclera. Sometimes the disease does not cease until nodules 
have developed, one after another, in the entire cireumcorneal space, and at 
length a zone of gray discoloration is visible entirely surrounding the cornea. 
By this time the disease has exhausted itself, since a new nodule does not 
generally develop in the spot where another was situated before. But, 
before it has gone as far as this, several years may have elapsed, during 
which the patient with but brief interruptions is annoyed by attacks of 
inflammation. Moreover, the disease very frequently attacks both eyes. 
The prognosis of the superficial form of scleritis is hence unfavorable in 
respect to the duration of the disease; while with regard to the final outcome 
it must be stated as favorable, because the usefulness of the eye for vision 
suffers no impairment, even if the process lasts a long time. 

Superficial scleritis occurs, as a rule, only in adults, and eee aaline in 
elderly people. In some cases it appears to be connected with Roeuine tc or 
gouty affections; in others its origin is obscure. 
Treatment avails but little against it. We are 
able to ameliorate the symptoms and accelerate 
somewhat the subsidence of the nodules, without 
having it in our power to prevent the recurrences. 
Sodium salicylate or aspirin and sometimes also 
colchicine are given internally; furthermore, dia- 
phoretic methods of treatment, derivative reme- as 

i F . e recent focus is on the outer 
dies in the shape of mildly purgative mineral side of the sclera; from the upper 
waters, iodide of potassium, etc., may be recom- conjunctival vessels run down to 
mended. As regards local remedies, we may try eee ROE heey oe 

3 ; lies a grayish spot at the point 
to produce more rapid subsidence of the nodule where half a year before a scleritic 

- ; z : aaie eminence had been situated. 

by massaging it. Fat, either without addition 
or under the form of the yellow-precipitate ointment, is introduced into 
the conjunctival sac, and the nodule, which can be felt through the lid, is 
then rubbed and squeezed through the lid by means of the fingers. If the 
disease is associated with violent pain, we may employ hot, moist 
compresses, dionin, atropine, and local blood-letting (six to ten leeches upon 
the temple) in addition to the massage: the latter procedure, indeed, in 
these cases frequently cannot be performed because the nodule is too 
painful. In this event the application of the constant current to the nodule 
by means of a small electrode (Reuss) has been recommended. [Orthoform 


Fie. 127.—Scierirtis. 


‘ointment (10 per cent) or acoine oil (1 per cent) may also be tried.—D.] 


Scleritis in the well-marked cases is a very characteristic and easily recognizable 
disease. In light and abortive cases the diagnosis is sometimes difficult. For instance, 
a scleritic nodule which is small and situated particularly close to the margin of the 
cornea, might be taken for an efflorescence of conjunctivitis ecezematosa, The following 
characters may be regarded as distinctive: The scleritic nodule never actually lies 
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in the limbus, and besides is not situated in the conjunctiva, but beneath it, so that 
the latter can be moved about over it. Lastly, the subsequent course will soon clear 
up the diagnosis, as the eczematous nodule is converted by superficial disintegration 
into a conjunctival uleer—a thing which never occurs with a scleritic nodule. 

Under the name of episcleritis periodica fugax (subconjunctivitis of von Graefe) 
is denoted an inflammation of the vascular episcleral tissue, distinguished by its tran- 
sient character and by its tendency to recur. The recurrences often take place with a 
considerable regularity at intervals of some weeks or months, and may keep on being 
repeated for years. The separate attacks affect sometimes one, sometimes both eyes. 
The eye attacked shows marked redness and cedematous swelling of the episcleral 
tissue and of the over-lying conjunctiva. Often the inflammation is partial in the 
sense that it is confined to one portion of the anterior segment of the eyeball, or begins 
in one quadrant of it and travels from this to another. In seyere cases contraction of 
the pupil and spasm of the ciliary muscle (temporary myopia) are present. The pain 
is sometimes slight, sometimes pretty violent. Ordinarily the inflammation runs its 
course and the eye becomes normal again in a few days. The disease is, therefore, free 
from danger, but owing to its frequent recurrences is very troublesome. On the whole, 
it is a rare affection, and commonly attacks persons in middle life, sometimes without 
known cause, sometimes as the result of a rheumatic or gouty tendency. Quinine, 
sodium salicylate, and treatment directed against a uratic diathesis prove advantageous; 
but many cases defy all treatment. 


(b) Deep Form of Scleritis 


279. In this form, too, a swelling of the sclera exists which may make 
its appearance under the form of separate prominences, but which more fre- 
quently is not so sharply circumscribed. In the latter case the sclera shows 
an extensive bluish-red injection, sometimes covering the whole circumcor- 
neal region, and a more uniform swelling not composed of isolated promi- 
nences. Later the sclera in this situation often takes on a peculiar pale-vio- 
let color and a transparent look, that make it resemble fine porcelain. But 
the deep is distinguished from the superficial form most of all by the course 
of the inflammation and by its being communicated to other parts of the eye. 

The inflammation in the sclera in this case as in the superficial form 
leads not to disintegration of the inflammatory products, but to their dis- 
appearance by resorption with the formation of a residual dark-colored cica- 
trix. In the meantime, however, the sclera has been undergoing consider- 
able attenuation at the site of the cicatrix, so that it is no longer able to 
offer resistance to the intra-ocular pressure, even though this does not exceed 
its normal amount. - Hence ectasis of the diseased spot occurs. This makes 
its appearance under two forms—either as an expansion of the whole sur- 
face, or as a gibbous protrusion of the sclera. In the former case the entire 
circumcorneal zone of the sclera, which has been colored gray by the scler- 
itis, becomes constantly more and more dilated. Consequently, the cornea, 
together with the adjacent portions of the sclera, is projected forward, so 
that the eyeball is elongated in a sagittal direction and becomes pear-shaped. 
In the second case, on the contrary, a circumscribed protrusion of the 
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thinned-out spots, raising them above the level of the healthy sclera, is 
produced, so that there are seen rising about the cornea a number of 
humps, which, because of their thin walls, show the dark pigment shining 
through. As these belong to the region of the ciliary body, they are 
ealled ciliary staphylomata (see page 359). 

Complications affecting other portions of the eye are likewise a charac- 
teristic feature of the deep form of scleritis. They affect both cornea and 
uvea. In the cornea, infiltrates, deeply situated, develop, which do not 
break down into pus but become absorbed again, leaving a permanent opac- 
ity (sclerosing keratitis, see page 300). In the iris we find the signs of iritis, 
mainly under the guise of posterior synechie and even of occlusio pupill, 
but never of hypopyon. In the chorioid, the inflammation affects chiefly its 
most anterior portion, and causes injury to vision chiefly through accom- 
panying opacities in the vitreous. So in this form of scleritis almost all parts 
of the eye suffer; and for this reason it is much more dangerous than the 
superficial form. ; 


The superficial and the deep variety of scleritis are not by any means sharply 
distinguished from each other, but show many transition forms. We cannot in fact, 
see in the living eye how far the inflammation penetrates into the sclera. When we 
make the assumption that in the deep form the inflammation does extend more deeply, 
we have no direct proof of it; we can only infer this indirectly from the subsequent 
thinning of the sclera and from the spread of the inflammation to the subjacent uvea. 
In fact, many authors assume that the real starting point of the inflammation in this 
form lies in the uvea, and they call it, therefore, sclero-chorioiditis or uveo-scleritis. 
{Cf. remarks on Uveitis Anterior, page 293.] 

In parenchymatous keratitis we sometimes find a coincident, slight but widely 
diffused, circumcorneal scleritis. Isolated nodules are sometimes also observed in the 
sclera as a result of syphilis, but a typical recurrent scleritis does not ordinarily arise 
from this cause. 

In many cases of diffuse deep scleritis there develop in the inflamed zone hard 
whitish nodules of the size of a pin’s head, which lie beneath the coujunctiva, and all 
are pretty much the same distance from the margin of the cornea. They might be taken 
for tuberculous nodules, which, however, they are not. In fact, they disappear again 
without undergoing disintegration. [Real tuberculous nodules do occur. See page 338.] 

Scleritis Posterior.—In exceptional cases it happens that the inflammation is 
situated not in the anterior segment, but further back, either in the equatorial region, 
or actually in the posterior segment of the eyeball. Such a scleritis posterior is hard to 
diagnosticate, because the inflammatory swelling of the sclera, being in a place which it 
is impossible to get at, can neither be seen nor felt. The symptoms are pain and dis- 
turbance of vision. The ophthalmoscope shows the cause of the latter to be a gray 
cloudiness and swelling or even a detachment of the retina over the scleritic focus. 
In severe cases there are even some exophthalmus and limitation of the mobility of the 
eyeball. As the inflammation in the sclera abates the changes in the retina and the 
associated disturbance of sight likewise disappear. 

280. Morbid Anatomy.—Anatomical examinations up to the present time have 
been confined almost exclusively to cases of deep scleritis, since it is only in these cases— 
and but occasionally then—that enucleation of the eye is performed and thus material 
for the examination obtained. In such cases the sclera is permeated in its middle and 
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deep layers with uninuclear leucocytes (Fig. 128). In particularly severe cases in which 
clinically the whole tissue appears to contain a gelatinous infiltration, the sclera at the 
diseased spot is transformed throughout its entire thickness into a tissue which contains 
an excessive abundance of cells and in which necrosis has set in here and there. Some- 
times even whole lamell# of the sclera have become necrotic en masse and form a 


Fia. 128.—Drerp Scueriris. SmcTION THROUGH THE REGION OF THE CILIARY Bopy, TAKEN FROM 
THE EYEBALL OF A TWENTY-FOUR-YEAR-OLD GiRL. Magnified 24 X 1. 


; The conjunctiva, B, which in the enucleation had been cut off close to the limbus, is pretty strongly 
infiltrated. In the subjacent sclera, S, are numerous narrow files of round cells, which show a special 
disposition to accompany the blood-vessels. The scleritic nodule, that was visible on clinical exam- 
ination, corresponds to a large, irregularly shaped mass of infiltration, occupying almost the entire 
thickness of the sclera, The posterior section of this mass is the part that presents the most marked 
accumulation of cells; in the anterior section the cells are most densely placed near the margin that is 
directed toward the cornea—loking as if the infiltrate were making an attempt to push its way into 
the latter. The anterior layers of the cornea, H, are occupied by quite a large infiltrate, i (sclerosing 
keratitis). In its posterior layers can be made out files of cells, which accompany the deep-seated 
new-formed vessels, and which show a tendency to pass up from the deep to the middle layers of the 
cornea. The ciliary body, C, and the iris, J, are atrophic. In the former the ciliary processes in ar~ 
ticular are greatly diminished in size. At the anterior border of the ciliary muscle can be ween See 
cross section, c, of the circulus arteriosus iridis major. The iris also is thinned, and chiefly at its periph- 
eral portion, which over the space, a b, is closely applied to the posterior surface of the cornea, and has 
Se a aake. agente ree gear | d, and the lumen of Schlemm’s canal are consequently 
oO rt e made out in this situation. tis periphe si iris is i : ; 
the increase of tension that existed in the living Hon eS ee ee 


sequestrum. Sometimes in the cellular tissue there are scattered nodules containing 
giant cells—this without there being any tuberculosis present. In exceptional cases, 
however, there are real tuberculous nodules. 

The more intensely the sclera is diseased the surer we are to find inflammatory 
changes not, only in the adjacent cornea, but also in the uvea and especially in the 
chorioid. 
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281. Deep scleritis almost always affects both eyes, and, as treatment 
is unable to arrest it, is prolonged over a course of years. It leads to the 
formation of dense corneal opacities, to seclusio pupille with its baneful con- 
sequences, to opacities of the lens and vitreous, to myopia of high degree due 
to the elongation of the axis of the eye, and finally to elevation of tension 
due to the ectasiz in the sclera. Hence the disease always ends by produc- 
ing great impairment or even complete loss of sight. 

The deep form, in opposition to the superficial variety, affects mainly 
young people (but not children). It is often found in conjunction with the 
signs of scrofula, tuberculosis, or hereditary syphilis. In the female sex, 
which is more frequently attacked than the male by this disease, distur- 
bances of menstruation appear to furnish the exciting cause. 

Treatment has very little power over deep scleritis. It has first of all to 
combat by dietetic and medicinal remedies any constitutional affection that 
may lie at the root of the disease, and for this purpose the preparations of 
iodine (iodide of potassium, iodide of iron, iodureted mineral waters), or, 


in case of the disturbances of menstruation, the preparations of iron are 


employed. As concerns the eye itself, the inflammation of the cornea and 
iris must be treated in the appropriate way. In the subsequent course of 
the disease iridectomy is frequently required, either for optical reasons, to 
place the pupil behind that part of the cornea that is still transparent, or 
to prevent the elevation of tension which may be excited by the seclusio 
pupille or by the ectasize of the sclera. Iridectomy, however, should, if 
possible, not be performed until after the subsidence of all inflammatory 
symptoms. 
II. INJURIES OF THE SCLERA 

282. Perforating Wounds of the Eyeball.—The same varieties of trau- 
matism that we have discovered as occurring in the cornea and conjunctiva 
are also met with in the sclera. The first question that we have to ask in 
considering any such injury is, whether a perforation of the tunics of the eye- 
ball has or has not been produced by it, and the second question is whether 
in case a perforation is present, there is a foreign body in the eye. 

Every perforating injury is to be regarded as intrinsically serious, 
because, given a perforation, there is a possibility of a coincident infection 
of the interior of the eye; but this almost always leads to a severe form of 
inflammation that is very destructive to the eye. This is true for perfor- 
ating wounds of the cornea as well as of the sclera, for which reason the 
statements made in the following lines may be applied to both. 

Perforating injuries of the eye are very frequent in the working class; and furnish 
a large contingent of the blind. This is particularly the case in regions where many 
industries are carried on. The following report of Cohn gives a good idea of the fre- 


quency of the injuries to which the eyes of many workmen are exposed: Among twelve 
hundred and eighty-three workers in metals employed in six factories, each man received 
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on an average from two to three injuries in a year. Of course, the great majority of 
these injuries were of a slight character; most, indeed, consisted merely in the penetra- 
tion of small metallic particles into the surface of the cornea, which were, for the most 
part, removed at the factory itself. About half of the workmen were compelled to 
seek medical aid; and out of every thousand 28 suffered a partial impairment of sight, 
and 16 had lost one eye altogether. [Every year 50 per cent of the stone workers in 
Aberdeen have to resort to treatment for eye injuries. From extended statistics it 
appears that in England and America eye injuries constitute something over 5 per cent 
of all injuries occurring in mines, quarries, factories, and workshops (Collis). The 
majority of these injuries are slight; yet even of these slight injuries many, especially 
in stone-masons and coal miners, give rise to dangerous infection and particularly to 
ulcus serpens (Shufflebotham, Collis). From 2.5 to 3.0 per cent of these industrial eye 
injuries result in blindness of one or both eyes (Collis).—D.] 


283. The most important symptoms of the presence of a perforation are: 

(a) Reduction of the intra-ocular tension. This symptom is particu- 
larly valuable in the case of small wounds in the sclera, which are concealed 
by the ecchymosed conjunctiva, and are hence not directly accessible to 
inspection. The diminution of tension, of course, lasts only as long as the 
wound is open. [It must be borne in mind that a reduction of tension may 
also occur in injuries of the eye without perforation (see § 463).—D.] 

(b) If the perforation has occurred in the region of the anterior cham- 
ber, the latter is shallower or altogether obliterated, as long as the wound 
remains open. 

(c) In the case of somewhat larger wounds the prolapse of the subjacent 
structures gives evidence of the presence of a perforation. Most frequently 
it is the uvea which protrudes from the wound under the form of a darkly 
pigmented mass. According to the situation of the wound, the prolapsed 
portion belongs to the iris, to the ciliary body, or to the chorioid. If the 
uvea is ruptured, some vitreous is often found hanging out of the wound. 
Very frequently, too, there are extravasations of the blood in the interior of 
the eye, which, to be sure, often likewise occur in the case of non-perforating 
contusions of the eye. Blood extravasated into the anterior chamber gen- 
erally sinks to the bottom of it soon after the occurrence of the injury, so 
that, like a hypopyon, it fills up the lowermost part of the chamber and is 
bounded above by a horizontal line (hyphema*). Blood in the vitreous often 
makes itself evident by a reddish reflex from the pupil (hemophthalmus’). 

Hemorrhage into the anterior chamber or the vitreous occurs not only from injury, 
but also as the result of inflammation or even without any known cause. In the anterior 
chamber, blood sinks to the bottom and is reabsorbed. In otherwise healthy eyes small 
quantities of blood may often disappear completely within twenty-four hours. The 
process of resorption lasts longer when there is much blood in the anterior chamber, 
and especially when the eye is diseased in other ways as well and has not normal metabol- 
ism. The longer the blood remains in the anterior chamber the darker does its color 
become. So, in cases in which a hemorrhage into the anterior chamber has been repeated 


2 From vmo, beneath, and aiua, blood. * From ala, blood, and 6¢@adds, eye. 
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after the lapse of some time, we see a hyphema which is composed of two strata of 
different color; the lower dark stratum represents the first haemorrhage, the upper 
bright one belongs to the recently extravasated blood. Very old extravasations of 
blood sometimes acquire a brown or dirty-green color, and the cornea, too, may take 
on a similar coloration (see page 316). In the iris likewise a greenish or brownish 
discoloration has been observed as a result of hemorrhage into the aqueous or vitreous 
ehamber. 

If the blood remains a long time in the anterior chamber it may—especially if 
there is a coexistent inflammation—serve as the substratum for the formation of new 
tissue. In this way the good result of operations, such as iridectomy and iridotomy, 
designed for the restoration of a clear pupil, is often rendered of no effect, as the blood 
extravyasated during the operation covers up the opening that has been made and 
subsequently causes its reocclusion by means of a membrane. 

(Blood in the anterior chamber lying in the pupil often remains long after blood 
on the iris has been absorbed (see page 16).—D.] 

Blood extravasated into the vitreows is found there under the form of flocculi 
or larger masses. When observed with the ophthalmoscope these either look simply 

~ black or show a faint reddish gleam. If they occupy the anterior section of the vit- 
reous, they may even be recognized with lateral illumination (provided the pupilis widely 
enough dilated) through the dark-red reflex emitted from the depths of the eye. Blood 
present in the vitreous always requires a long time for its complete resorption, and if 
much blood has been extravasated opacities of the vitreous of considerable size always 
remain and cause great impairment of vision. [In rare cases almost complete restora- 
tion of sight occurs even when the whole vitreous has been filled with blood—D.] In 
some cases of traumatic hemorrhages into the vitreous I have observed that, some 
time after the injury, the coloring matter of the blood all at once became dissolved 
in the ocular fluids and then was immediately diffused all through the eye. The aqueous 
humor, too, in such cases was colored red, so that the iris looked as though seen through 
ruby glass. [Unabsorbed hemorrhage may also cause siderosis bulbi (see page 350).—D.] 
; [To absorb vitreous hemorrhages we use potassiusn iodide, subconjunctival injections 


- of salt (see page 65), and dionin either by instillation or subconjunctival injection.—D. ] 


If vitreous has been prolapsed through a wound it gradually becomes clouded 
wherever it lies outside of the eye, so that it gets to look like a shred of mucus adhering 
to the region of the wound. It takes often several weeks before such a shred is finally 
cast off. [Such a shred affords a ready pathway for infection to the interior of the eye. 

Other consequences of eye injuries, especially blows on the eye, are dislocation of 
the lens, rupture of the chorioid, and concussion and detachment of the retina,—D.] 


284. Perforating wounds of the sclera are distinguished into incised, 
punctured, and lacerated wounds. To the two former belong, besides 
wounds produced by operation, those caused by the penetration of sharp- 
pointed or sharp-edged foreign bodies. Lacerated wounds are most fre- 
quently the consequence of a rwpture of the sclera. This is produced by the 
action of a blunt instrument upon the eye (contusion)—e. g., by a blow with 
the fist or with a cane, by a stone, by the impact of large flying fragments 
of wood or metal, by a thrust from a cow’s horn (not infrequent among farm- 
ers), by striking the eye against a projecting corner, etc. The rupture of the 
sclera is generally pretty long, is curved, and lies near the corneal margin 
and concentric with it. Most ruptures are observed along the upper and 
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inner margin of the cornea (Fig. 129). As a rule, the process does not stop 
at laceration of the sclera, but a part of the contents of the eye, most gen- 
erally the lens, is expelled, and the vitreous is sometimes seen hanging out 
of the wound. The iris, at a point corresponding to the site of the rupture, 
appears to be wanting, and the eye often looks as if the portion of the iris 
in question had been removed by iridectomy (see § 392). Frequently the 
conjunctiva over the lacerated sclera, thanks to its great extensibility, 
remains uninjured. In this case the extruded lens is sometimes found lying 
beneath the conjunctiva (Fig. 134). 


Fie. 129. Fie. 130. 


Fie. 129.—Rouprurp or tHe Scupra. Injury produced by the eye being hit with a stone thirty 
years before. Rupture healed with retention of the visual power. The site of the rupture can be 
made out along the convex gray line (sear) which runs concentric with the upper margin of the cornea. 
The cornea is clear, the anterior chamber rather deeper than normal. The pupil is displaced bodily 
upward (the lower margin of the pupil lies approximately behind the center of the cornea) and extends 
to the upper margin of the cornea. The lesser circle of the iris can be followed on both sides of the 
coloboma, to a point behind the limbus. On both sides of the cornea is a pinguecula. 

Fie. 130.—Samp Casn in Section. Magnified 3X 1. The rupture runs from Schlemm’s canal, s, 
obliquely upward so that that portion of the scar which is visible externally lies in the sclera 2 mm. 
back of the limbus. The lips of the wound are separated; between them lies sear tissue, and imbedded 
in this is the iris. The latter is torn away from its insertion in the ciliary body and is rolled up; the 
section has happened to strike it in such a way that the iris here looks like a closed ring on the inner 
circumference of which the retinal pigment layer is visible. The ciliary body is somewhat lacerated 
at its insertion and the scar tissue extends into the chink that is thus produced. 


In rupture of the sclera the blow may act directly upon the eye itself or a blunt 
body—e. g., the tip of a cow’s horn—may enter between the eyeball and one wall of 
the orbit and squeeze the eye against the opposite wall. 

We distinguish between direct. and indirect rupture. The former is the kind that 
originates at the point of impact of the foreign body by which the blow is inflicted; the 
latter, that which occurs at a spot remote from the point of impact. In indirect ruptures 
the only efficient factor is the compression of the eyeball, so that these ruptures almost 
always have the same typical situation. In direct ruptures, there is added to this com- 
pression a local indentation of the eyeball, by which the situation of the rupture is 
determined. This situation, therefore, varies greatly and often is not in the sclera 
but in the cornea. When compression is the determining factor the direct result of it 


is that the contents of the compressed eye are put suddenly in a condition of increased 


tension and thus cause rupture of the capsule of the eyeball. The rupture, therefore, 


_ takes place, like an explosion, from within outward, and begins in the region of 
Schlemm’s canal, because here the tough inner layers of the sclera pass over into the 
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delicate lamell of the ligamentum pectinatum, and thus the resistance of the sclera 
is diminished at this point (Fig. 131). The fact that most scleral ruptures start from 
a point situated upward and inward is due to the trochlea, which forms a bony 
prominence at the upper and inner angle of the orbit (Figs. 301 and 302, 7). When 
the eyeball is forced against either the inner or the upper wall of the orbit by a blow 
coming from below or from without, the trochlea presses into the sclera and thus causes 
the rupture to begin in this meridian (Miiller). 


Fie. 131—Covursp or a Sctpray Ruprure. Magnified 22x 1. 


C, cornea; S, sclera; r, end of Bowman’s membrane, and beginning of the limbus L. foantonen 
end of the longitudinal fibers of the ciliary muscle, which pass over into the lamellew of the ligamentum 
_ pectinatum, /. The capsule of the eyeball is less firm at the corneo-scleral margin, first, because here 
a larger number of the fibers of the sclera (those namely which in the figure are seen in cross section 
at q) take a circular course; second, because in front of these fibers Schlemm’s canal, s, is imbedded in 
the scleral tissue, which consequently has its inner layers interrupted at this spot. From Schlemm’s 
canal to a point right beneath the conjunctiva, the anterior ciliary veins, v, ¥, run continuously through 
the sclera. Most scleral ruptures follow these cavities in the direction ab, so that the external orifice 
of the rupture lies some millimetres behind the limbus. More rarely the ruptures of the sclera pass 
perpendicularly in the direction ac, or even run obliquely forward in the direction ad. Ruptures of 
the latter sort have usually but little length so that nothing but the iris prolapses and this only to a 
slight extent (Fig. 132), and the rupture itself does not become visible until the iris is excised (Fig. 133). 
These small ruptures almost always afford a good prognosis. 


Fria. 132. Fre. 133. 


Fie. 132.—Smaxy ScreraL Ruprurp SitvaTED IN THE LimBus. Magnified 2X1. The iris has 
prolapsed through the rupture and hence the pupil is displaced in the direction of the latter. The iris 
at the opposite side is broadened and hence the contraction furrows are separated from each other, 


as comparison with Fig. 133 shows. z f 
ira. 133 Tae SAME Cask APTER Excision or THE Ins. Magnified 2% 1. The short rupture 


which is situated in the limbus has now become visible. a ai, the angles of the sphincter which are now 
properly placed. 

Sometimes very small ruptures occur right in the limbus itself or even in the trans- 
parent cornea (Figs. 131, ac and ad). In these, owing to the close attachment of the 
conjunctiva, the latter is necessarily ruptured and the iris almost always prolapses. 
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The prognosis of these small ruptures is good, provided the prolapsing iris is excised. 
They occur comparatively often in young people (even in children), while the more 
~ extensive ruptures occur in the old. 

Very rarely we meet with incomplete rupture of the sclera. We then find the 
conjunctiva and sclera ecchymosed and swollen, and a few days after the injury a 
bluish-black line appears near the limbus and concentric with it. This dark area may 
become ectatic later, and increase of tension may set in. There may be displacement 
of the pupil. 


Fie. 134.—RvrtTurEe oF THE ScLERA AND LUXATION OF THE LENS BENEATH THE CoNnJUNCTIYVA. 
Magnified 3 X 1. 

Vertical section through an eyeball which had been injured by a calf’s horn. Since seven weeks 
later symptoms of sympathetic inflammation of the eye set in, the eye was enucleated. The rupture 
in the sclera lies close to the upper margin of the cornea, not quite one millimetre behind the corneo- 
scleral junction, so that the lower lip of the wound contains a narrow rim of sclera. The tear in the 
sclera gapes to the extent of nearly a millimetre, and is filled with a delicate cicatricial tissue, a, which 
extends back from this point into the interior of the eye, passing between the ciliary body, c, and the 
iris, b. The latter at a point corresponding to the se leral rupture is torn off from the ciliary body (iri- 
dodialysis) and is rolled into a ball just as in Fig. 130, The ciliary body, c, likewise greatly altered, is 
found behind the upper edge of the rupture. It is continued into the chorioid, d, which presents marked 
inflammatory infiltration about the large blood-vessels (inf ammation of the kind that gives rise to 
sympathetic trouble). The retina, e, is detached up to the ora serrata, and at the latter point is torn 
loose and is much puckered. Below the scleral rupture is seen the cornea in section, compressed ver- 
tically and as a result of the compression puckered on its posterior surface. At the lower portion of 
the eyeball the ciliary body is swollen, and the iris is carried backward so as to be in part applied to 
the surface of the ciliary body. The detachment of the chorioid, di, and of the retina, e1, seen here in 
the cut, did not exist during life, but is a result of the way the specimen was made. The scleral rupture 
is covered in front by a mass which from its concentric striation is recognized to be the lens. The con- 
junctiva, f, overlying the lens, is detached by it from the sclera as far as the limbus, g. h, remains of 
the conjunctiva at the lower margin of the cornea. 


Ruptures of the sclera are generally such serious injuries, because a force that is 
strong enough to break an eye open always causes lesions elsewhere, in the interior of 
the eye. The iris (Figs. 130 and 134, b) is almost always torn away from its insertion 
at a point corresponding to the extent of the scleral rupture (iridodialysis), and is either 
incarcerated in the wound or is extruded through the latter beneath the conjunctiva, to 
which it becomes adherent. The eye then presents a coloboma over an area corre- 
sponding to the rip in the sclera. The portion of the iris remaining in the eye is commonly 
found to be considerably retracted (Fig. 134, lower part). The anterior chamber is 
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consequently unusually deep, and particularly so if, in addition, the lens and a part of 
the vitreous have been expelled. In many cases a piece of the iris, or even the entire 
iris, is torn altogether out of the eye. In only a very few cases does the lens remain in 
position and in place. Usually it is either expelled entirely from ‘the eye, or it remains 
lying beneath the conjunctiva, provided the latter is unruptured (Fig. 134, f). The 
vitreous is often densely permeated with blood; and laceration or hemorrhagic detach- 
ment of the retina or chorioid may be present. Since to the severity of such lesions 
there is added the danger of subsequent infection of the wound, it can be readily under- 
stood that most eyes which have suffered a rupture of the sclera undergo destruction. 
It is an exception, in fact, for such an injury to recover with the retention of serviceable 
vision. A farmer once presented himself at my clinic who had been gored first in one 
eye and then, some years afterward, in the other also, by a cow’s horn. In both eyes 
there was a healed rupture of the sclera on the inner side, with what looked like a well- 
made coloboma of the iris. Both lenses were absent, but the fundus was healthy and 
with cataract glasses the sight was very good. This man, therefore, may be said to 
have had a double extraction performed by the cow, and that, too, with more success 
than many operators are accustomed to have with their operations. 
For rupture of the cornea, see page 308. 


285. The course after a perforating injury varies according as a foreign 
body has remained in the eye or not. Suppose, first, that no foreign body 
has remained in the eye. Then the only thing to be considered is the healing 
of the wound itself; and in regard to this the main thing to determine is 
whether the injury has been followed by infection of the wound or not, as 
upon this depends the question whether healing takes place with or without 
inflammation. 

(a) Healing without inflammation is to be expected only in the case of 
clean, non-infected wounds. The most favorable conditions are presented 
by clean incised or punctured wounds, such as, for instance, are made by 
operations, where at the same time care is taken that no foreign tissue, like 
uvea or vitreous, is introduced into the wound. But even if this latter 
should be the case, healing without inflammation is still possible, although 
the edges of the wound cannot unite with each other directly, because they 
are not in contact. The tissue consisting of uvea or vitreous introduced 
between them is gradually converted into cicatricial tissue, and thus takes 
part in the definitive closure of the wound. It then, to be sure, always 
remains attached to the cicatrix, a thing which later on often entails evil 
consequences. In this way—i. e., by the interposition of a cicatricial tissue 
taking place between the edges of the wound—even lacerated wounds, such 
as develop, for example, after rupture of the sclera, may, if the case runs a 
fortunate course, heal, and hcal without inflammation so that the eye 
remains serviceable for vision. 

We often observe that the scleral wounds, which lie near the corneal 
margin and in which the iris or lens capsule has become lodged, close imper- 
fectly, since while the conjunctiva does unite over the scleral wound, the 
latter remains open to a certain extent because the interposed tissues pre- 
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' vent its lips from coming into direct contact. Through the gap aqueous 
humor constantly exudes beneath the conjunctiva, which either takes on a 
gelatinous character in the region of the cicatrix or is bulged out in the form 
of a circumscribed vesicle resembling a cyst (Fig. 135, h). Following Von 
Graefe, we give this condition the name of cystoid cicatrization (see page 222). 
It is chiefly observed after operations (cataract extraction and iridectomy). 


Fic. 135.—InNcLusion oF THE IRIS wiTH CysTorIp Cic- 
ATRIZATION AFTER THE EXTRACTION OF A _ SENILE 
CaTaractT BY GRAEFE’s PERIPHERAL LINEAR SECTION. 
Magnified 13 X 1. 


The section by which the extraction was made cuts in 
two the line of junction between the sclera, S, and the 
cornea, H, so that by its anterior half it lies in the sclera, 
by its posterior half in the cornea. On account of the in- 
terposition of the iris, J, the lips of the wound have not 
united; in fact, the tract of the wound extends under the 
form of a cavity, h, even into the tissue of the conjunc- 
tiva of the limbus, L, so that the wound is closed only 
by a very thin layer of conjunctiva which, on account 
of the cavity beneath it, looks like a vesicle. The iris by 
being jammed into the wound is folded upon itself, the 
point of flexion corresponding to the exterior surface of 
the sclera. Peripherally from the site of its incarceration 
the iris being drawn tense runs in a straight line to the 
ciliary body, C; consequently, the anterior chamber is 
here reduced to a narrow slit, although the sinus of the 
chamber remains pervious. The pupillary portion of the 
iris extends centrally from the scar into the anterior 
chamber, where it lies free. On its anterior surface may 
be seen the entrance of a crypt, near its posterior surface 
the cross section of the sphincter pupillm. Along wit 
the iris, the much-puckered capsule, kh, of the lensis, also, 
drawn up to the cicatrix, and has become adherent to it. 


286. (b) Perforating wounds 
of the sclera are followed by vio- 
lent inflammation whenever in- 
fection of the wound or the in- 
terior of the eye has occurred. 
Infection takes place either by 
means of the very body which 
causes the injury, it being cov- 
ered with dirt and thus convey- 
ing infectious germs, or secon- 
darily from the fact that the 
opening in the envelope of the 
eyeball affords a point of en- 
trance for germs, especially from 
the conjunctival sac. The in- 
terior of the eye is uncommonly 
susceptible of infection, since it 
obviously affords a good medium 
for the cultivation of different 


kinds of schizomycetes. The 
inflammatory process mainly 


affects the uvea. In the acutest 
eases there is a purulent inflam- 
mation of the latter, which leads 
to the formation of abscess in 
the vitreous or to an actual sup- 
puration of the whole eye (pan- 
ophthalmitis). In the less vio- 
lent cases there is a plastic irido- 
eyclitis—i. e., the inflammation 


of the iris and ciliary body produces an exudate which subsequently becomes 
organized into a false membrane. In this case, too, the eye is generally 
lost, although it is not destroyed in such a violent fashion as in panoph- 
thalmitis, but by a process of protracted inflammation. The exudates 
which undergo organization shrink and thus gradually diminish the size of 
the eyeball (atrophy of the eyeball). This outcome of an injury is even 
more dangerous for the patient than panophthalmitis, since in the former 
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case sympathetic inflammation of the other eye very frequently sets in, 
which is not the case in panophthalmitis. 
287. Foreign Bodies in the Eye.—The presence of a foreign body in 
the interior of the eye converts every injury, be it ever so insignificant other- 
wise, into a serious lesion, which, in most cases, entails the destruction of 
the eye. Hence in every injury attended with perforation we must at once 
propound the query whether or not there is a foreign body left in the eye. 
. In most cases the history of the case itself supplies points important for the 
| determination of this fact. If, for mstance, a person has run a pair of scis- 
sors into his eye, we would naturally suppose that there was no foreign body 
there; conversely, in the case of a man who has had a perforating injury of 
the eye produced by the explosion of a percussion cap or while he was ham- 
mering iron, the presence of a foreign body in the eye is extremely probable. 
The character of the foreign bodies in question varies exceedingly. Most 
commonly we have to do with fine splinters, the points and sharp edges of 
which enable them to penetrate the sclera. In this category belong chiefly 
splinters of metal, splinters of glass, and fragments of stone—less commonly 
slivers of wood, etc. The foreign body may be situated in any part of the 
eye; indeed, if it has sufficient projectile force, it may even, after traversing 
the entire eyeball, perforate the sclera a second time on the opposite side, 
and penetrate into the tissue of the orbit. The precise determination of the 
place in which a foreign body is located within the eye is generally attended 
with great difficulties. As a rule, it is only during the time immediately 
succeeding the injury that it is possible to see the foreign body directly, 
although even then inspection of the interior of the eye is often rendered 
impossible by the presence of hemorrhages. Subsequently, the difficulty 
of this inspection is still further heightened by the cloudiness which soon 
develops in the media and by the exudates which envelop the foreign body 
and render it unrecognizable. If we are dealing with metallic fragments of 
not too small dimensions, we may be able to make them out and localize 
_ them by means of the Réntgen rays; and for chips of iron we may also 
employ a sensitive magnetic needle (sideroscope). If these means are una- 
vailing, we are often driven to conjectures with regard to the location of the 
foreign body—conjectures based upon the direction pursued by the body in 
its flight, the situation of the aperture by which it entered, the sensitiveness 
of certain portions of the eye to touch, the presence of a circumscribed 
obscuration (scotoma) in the field of vision, ete. 


ee ee _——- 
. . 


288. [The localization of foreign bodies in the eye by means of the X-rays has 
reached a high degree of accuracy, thanks to the instruments devised by Sweet, Mac- 
kenzie Davidson, Dixon, and others. In these instruments a marker or pair of markers 
placed close to the eye is used. Skiagrams of the eye are taken from two different posi- 
tions. The differing relations existing on the two plates between the shadow of the 
foreign body and of the markers (see Fig. 136) determine the actual position of the 
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foreign body with relation to the markers and therefore its actual position in the eye. 
This position can then be plotted on a diagram (Fig. 137).—D.] 

In injuries produced by chips of iron the magnet is employed. Forms of apparatus 
have been constructed to determine in doubtful cases whether a piece of iron is present 


‘ 
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[Fie. 136.—Sx1acram or Foretan Bopy 1n Eryn. (After De Schweinitz and Randall.) 

The picture is taken with the X-ray tube placed in the horizontal plane passing through the two 
markers. The shadow of the foreign body and of the two markers is seen on the plate. Another plate 
taken with the tube in a different position would show the shadows in a different relation. A comparison 
of the two plates enables us to determine the position of the foreign body,—D 


Beale Full Ste 
fame ep 
OF by 2 bye 
Situation 
Surgeon 


—— End ifiimm( Back of 


os Centre 
+ End_——_mm | of Cornen 


Published by &. & MEYROWITZ, New York=Parie 
[Fic. 137.—Cuart ror Piorrine Location or Foreran Bopies 1n Ere. (After Weeks.) 
The chart modified from the one devised by Sweet is divided into mm. squares in order to facili- 


tate measurement and plotting. The three views (front, side, and horizontal) enable the location of 
the foreign body to be indicated precisely, —D. | 


in the eye at all. In these the injured eye is brought as close as possible to a very sensi- 
tive magnetic needle (astatic needle of Léon Gérard, sideroscope of Asmus) which under- 


goes deflection if there is a chip of iron present in the eye. By ascertaining at what 
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point of the surface of the eyeball this deflection is the greatest, we can determine 
approximately the situation of the iron. [It is a positive proof of the presence of iron 
in the eye if the application of a magnet, especially the large magnet of Haab, causes bulg- 
ing of the iris or pain. The absence of this sign is no proof that iron is not present.—D.] 


289. It is only in rare instances that a foreign body is tolerated for any 
length of time in the eye without setting up inflammation, the body itself 
either remaiming free or becoming encapsulated in an organized exudate. 
But even such eyes as these are by no means secure from a sudden outbreak 
of inflammation—occurring sometimes years afterward—which causes 
their destruction. In the great majority of cases the inflammation follows 
close upon the heels of the injury. Such an inflammation is either a panoph- 
thalmitis, an abscess in the vitreous, or a plastic irido-cyclitis, just as in the 
ease of simple perforating injuries. 


Leber has determined, by a series of experiments upon animals, the reason why 
the presence of a foreign body in the eye regularly results in a severe inflammation. This 
inflammation is either excited by the presence of micro-organisms which make their 
way into the interior of the eye from the conjunctival sac, along with the foreign body 
or subsequently, or it is the consequence of a chemical irritation of the tissues produced 
by those foreign bodies which are not chemically indifferent. For example, purulent 
inflammation could be produced by bits of copper, and still more by particles of mer- 
eury, which were introduced aseptically into the anterior chamber. Hence, such inflam- 
mation does not necessarily presuppose the entrance of schizomycetes into the eye. 
Observations upon man agree in general with the facts obtained by experiment. Whether 
a body which penetrates into the eye is well borne by it or not depends upon the follow- 
ing circumstances: 1. First of all, upon the fact of its being aseptic or not. Small 
fragments of metal are commonly aseptic, if they fly off when the metal is being ham- 
mered or turned, because they are then strongly heated and thus sterilized. Large 
metal fragments are usually not heated to the point at which they become perfectly 
sterile, and hence give a bad prognosis even if they are removed very soon from the 
eye. 2. Uponits chemical character. Chemically indifferent bodies (such as, for instance, 
fragments of glass), if they get into the eye aseptically, are the ones most likely to re- 
main there without producing any further ill effect. The contrary is true of the foreign 
bodies that are of most frequent occurrence—i.e., chips of metal. These almost always 
set up a severe inflammation, even when they are sterile, because they gradually dis- 
solve in the tissues of the eye and become oxidized there, so as to act as chemical irri- 
tants. This is the case with iron, and still more with copper; metals which, like lead 
and the noble metals, are innocent in this regard, are of comparatively rare occurrence 
intheeye. 3. The tolerance of the separate tissues of the eye toward foreign bodies varies. 
The uvea, and especially the iris and ciliary body, exhibit the greatest reaction 
to injury of any kind. The lens, on the contrary, possibly on account of the sluggish- 
ness of its tissue metamorphosis, is the part of the eye in which foreign bodies are rela- 
tively the best borne. If, for example, a small chip of iron has become imbedded in the 
lens the latter, to-be sure, becomes clouded, but inflammation ordinarily fails to take 
place. In such a case sometimes the lens is afterward colored brown by the oxide which 
is formed. A deep brown coloration is produced, mainly under the guise of rust-colored 
dots which lie beneath the anterior capsule of the lens and form a crown, corresponding 
nearly in situation to the margin of the pupil when dilated (Samelsohn). Later the 
coloration may extend to the iris, which, if previously gray or blue, assumes a rusty 
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brown hue, This impregnation with iron also occurs in the other tissues of the eye, 
particularly in the retina, which may in consequence become atrophic, so that blindness 
may ultimately ensue even when the fragment is tolerated without inflammation (Hip- 
pel, Jr.). The impregnation of the tissues with iron is called siderosis bulbt (from oidypoc, 
iron). [Siderosis is a rare condition. It may also come from unabsorbed hemorrhage 
(Kipp, Clegg). The condition may develop as early as two months after the injury 
(Natanson), but usually not till much later. The staining of the tissues may clear after 
removal of the foreign body (Clegg).—D.] , 
Small fragments of iron may in time be entirely dissolved by oxidation. 


290. The prognosis of perforating wounds of the eyeball is deducible 
from the exposition given above. In every case it is grave, for even the 
minutest prick made with a fine needle may induce suppuration of the eye- 
ball, if the needle was contaminated with septic substances. As we do not, 
for the most part, know whether the body causing the injury was aseptic or 
not, and as the consequences of an infection of the wound do not set in until 
several days have elapsed, we must be very cautious in stating the prognosis 
during the first few days after the injury. In general, the nature of the 
wound and the facts as to the presence of a foreign body in the eye serve to 
determine the prognosis. With regard to the former, we must take into 
consideration the situation and extent of the wound, and the condition of its 
edges; also whether or not the inner tunics of the eye have prolapsed into 
the wound, and how much, if any, vitreous has escaped. Large wounds with 
extensive prolapse of the inner tunics of the eye are always followed by 
inflammation and by shriveling of the eyeball. The question in regard to 
foreign bodies is often difficult to decide. If there is a foreign body in the 
eye and it cannot be removed at once, the eye is almost always lost. Again, 
in stating the prognosis, the danger which threatens the other eye, because 
of sympathetic inflammation, must not be forgotten. 


[Wounds involving the ciliary region are held to be particularly dangerous both to 
the affected eye and to its fellow, since they often cause a plastic irido-cyclitis in the one 
and a sympathetic inflammation in the other.—D.] 

The unfavorable prognosis which perforating wounds of the sclera generally offer 
holds good, at least in part, even for those cases in which, to begin with, there is a smooth 
healing of the wound. Such eyes, which often recover from the injury with the restora- 
tion of good sight, nevertheless not rarely become blind afterward because of secondary 
changes, which are the consequences of the cicatrix in the sclera. If the uvea is incor- 
porated in the scar, this may give rise to inflammation or increase of tension. In scleral 
wounds which lie farther back, in the region of the retina, the latter may become attached 
to the cicatrix. By subsequent contraction of the cicatricial tissue the retina is drawn 
more and more into the cicatrix, and’ thus is loosened from its bed; the eye grows blind 
from detachment of the retina (Von Graefe), In this way, too, many eyes are destroyed 
which have been operated upon with apparently brilliant success by section of the 
sclera, as for the extraction of a foreign body orof acysticercus. A further danger accrues 
to the eyes from the fact that the scleral cicatrices later on readily become ectatic, and 
lead to the formation of scleral staphylomata and also to increase of tension. 

The prognosis must be stated as almost absolutely unfavorable when a foreign 
body has been left in the eye. A series of cases, to be sure, is known in which a foreign 
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body has been carried about in the eye for years without causing injury. But, in com- 
parison with the extreme frequency of such injuries, the number of these cases is in- 
finitesimally small; and even in these cases the safety of the eye is by no means to be 
considered as permanently assured. As an example, the following case that I observed 
may be adduced: A young lady of twenty-five years of age was injured by the percus- 
sion cap of a child’s gun exploding near her eye. A piece of the copper case of the cap 
penetrated into the left eye through the cornea; it could be seen lying upon the lower- 
most part of the iris. The immediate consequence of the injury was an iritis, which, 
however, after some weeks got well, leaving several synechiw. .From that time on the 
eye remained free from inflammation and had good visual power. The piece of metal, 
which had a length of about 1 mm., could always be seen lying upon the iris, only it 
gradually assumed a black color. It was not until ten years after the injury that the 
sight began to diminish, and the patient was tormented by photopsize; she also com- 
plained that objects directly looked at seemed to move and look bent, so that straight 
lines, for example, appeared wavy to her. The eye was still free from inflammation, 
but, after rather prolonged examination, showed a slight ciliary injection. Examination 
with the ophthalmoscope could not demonstrate any changes except that the fundus 
in its lower half was not as beautifully red as it was above, but was of a light grayish 
color. It was hence taken for granted that here was a detachment of the retina in its 
very earliest stage. The traction thus produced upon the retina accounted for the 
photopsiz, and the undulatory movement of the retina accounted for the apparent 
movement of objects, while the curved appearance of straight lines was referable to 
the difference of level existing in the detached retina [retinal metamorphopsia—see 
page 125]. Conjecturally the retinal detachment was produced by an old exudate 
which lay upon the ciliary body and the most anterior portion of the retina, and which 
by its gradual shrinking drew the retina farther and farther forward. Since then I have 
not had an opportunity of seeing the patient again, but the subsequent course of the 
case may be predicted with great probability. The retinal detachment will have become 
total; afterward probably an frido-cyclitis will have developed out of the condition of 
ciliary irritation of the eye, so that after some time the eye would become completely 
blind, would grow softer, and would be the site of frequently recurring attacks of pain 
and inflammation. 


291. Treatment.—I[In consideration of the great frequency of eye injur- 


"ies (page 339), every attempt should be made to prevent them, especially by 


the use of suitable eye guards (page 53).—D.] 

When we get a recent perforating wound to treat, which is so extensive 
that we have no prospect of retaining the eye in a serviceable condition, we 
advise the patient to have enucleation done at once (primary enucleation). 
By this he is saved from a protracted illness as well as from sympathetic 
disease of the other eye. 

If the injury is such that there is a prospect of retaining an eye that will 
be able to see and there is no indication of the presence of a foreign body in 
the interior of the eye, we cleanse the wound from any adherent dirt with 
moistened pledgets of cotton. If the iris has prolapsed into the wound, 
which can be the case only in wounds situated in the cornea or in the most 
anterior portion of the sclera (Figs. 132, 133), it must be carefully excised. 
But if the ciliary body or chorioid projects into the wound, they should not 
be removed, because, if they are, the vitreous would prolapse. Small 
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wounds soon close of themselves by cicatrization; large gaping wounds 
should be united by sutures passed either through the edges of the sclera 
itself (only, however, through its superficial layers) or, better, through the 
conjunctiva overlying it. [They may also be covered in with conjunctival 
flaps (§ 823).] After we have thus treated the wound we instil atropine into 
the eye, put the patient to bed, and apply a bandage or, if there are signs of 
beginning inflammation, apply iced compresses. [These should be used 
without intermission. Mercury (especially calomel in broken doses) fol- 
lowed by or combined with large doses of the salicylates may be used; also 
dionin in solutions of ascending strength (De Schweinitz). If infection has 
begun, the use of a suitable vaccine occasionally succeeds in aborting it.—D.] 

If in spite of the treatment the inflammation progresses, we do an enu- 
cleation (secondary enucleation), as soon as we see that the eye is lost so far 
as sight is concerned. How do we recognize this? The future of the eye 
depends not so much on the changes taking place in the anterior chamber 
as upon the exudation in the vitreous cavity, which leads to blindness and 
subsequently to shriveling of the eye. But exudation in the vitreous is just 
the thing that we cannot see directly, but can only infer, and we infer it from 
two facts, viz.: (1) Steadily diminishing function of the retina—this, 
because the latter is always implicated when there is exudation in the vitre- 
ous. In this case on repeatedly testing the ight-perception and the visual 
field we shall find both suffering greater and greater impairment until finally 
the eye has lost all perception of light. (2) The gradually increasing soft- 
ness of the eye, due to the shrinking of the vitreous exudate. When, there- 
fore, these two symptoms have made their appearance the time for enuclea- 
tion has arrived, and we should not delay too long about it either (not more 
than two or three weeks from the date of the injury), since otherwise we 
might be caught unawares by an outbreak of sympathetic inflammation in 

the other eye. 
If there is a foreign body in the eye, we must in the very first place 
endeavor to remove it [either by instruments introduced into the eye or by 
amagnet (see$ $846 and 847)|. Forthisitisrequisiteto know, at least approx- 
imately, the situation of the foreign body (except in the case of fragments 
of iron, which the magnet withdraws even from an unknown depth). 

If there is no prospect of our being able to remove the foreign body, we 
may, as a matter of experiment, wait a while to see if possibly it will be 
tolerated by the eye without inflammation. This is especially apt to be the 
case when a foreign body is imbedded in the lens; the latter becomes cloudy, 
and consequently, when all the inflammatory symptoms have passed off, can 
be removed by a cataract operation along with the foreign body contained 
init. As soon as plastic irido-cyclitis has set in, it is advisable not to make 
any more attempts at removing the foreign body; absolutely the only indi- 
cation in this case is enucleation. 
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[The removal of a foreign body is often fraught with difficulty and may be asso- 
ciated with so much traumatism that the eye is lost at once. If not, it may be lost at 
a variable time later through detachment of the retina, irido-cyclitis or panophthal- 
mitis. But many eyes retain their sight permanently or for a long time. The trans- 
lator has seen a case in which, except for a traumatic cataract, the eye was normal 26 
years after the extraction of a piece of iron from the retina.—D.] 


292. Compensation for Injuries——When the sight is permanently 
impaired as the result of an injury the injured man suffers an impairment 
of his earning capacity. In Germany and in Austria, a compensation has 
been fixed for such cases by the laws regulating accident insurance whenever 
the injury has happened in an industry in which insurance is obligatory. 
In order to determine the amount of indemnity the opinion of an expert 
physician is required. Such a physician has to decide: 1. Whether the dis- 
abilities alleged to exist by the injured man are actually present or not, and 
which of them are to be ascribed to the accident. 2. What impairment in 
earning power the person in question has suffered in consequence of them. 


To decide the first point we must first determine by precise examination all the 
changes that are objectively perceptible, and then examine the function of the eye by 
the visual tests. If objective changes can be proved to exist, it is then to be determined 
which of them were produced by the alleged injury. With regard to this it must be 
remarked that the law awards compensation only for accidents that occur in the pur- 
suit of an industry but not for injuries that are gradually produced by the industry, i.¢., 
for what are called occupation diseases. For example, if a workman who is engaged in 

\vuleanizing rubber gradually in the course of several months acquires an amblyopia 
through the inhalation of carbon disulphide (see § 561) there is no obligation to com- 
pensate him for the inability to work thus produced, although in such cases the law is 
often liberally interpreted. : 

The decision as to which of the changes that are found depend on the accident, is 
easy if one sees the injured man soon after the accident; if for instance, the physician 
who has to give the opinion is the same as the one who treated the injured man right 
after the accident. But very frequently the physician has to give an opinion on a case 
which he sees for the first time months after the injury. Ther he must ask himself 
whether the changes present did not exist before the accident or, in case they followed 
it, whether they were not perhaps produced by disease which may have chanced to 
set in soon after the accident, but was independent of it. The history is often of no 
service; on the one hand, we must be prepared for statements which are intentionally 
wrong; on the other hand, the patients often act in good faith when they erroneously 
refer their eye disease to a preceding injury. Thus the entrance of dust into. the eye 
is alleged as & cause of the most various eye diseases, even when the changes are old 
but had not been noticed by the patient until the occasion of his getting the dust in. 
The patient rubs his eye when the dust enters it and then discovers that when he closes 
one eye he sees little or nothing with the other. This, he thinks, has just occurred at 
the time and hence he regards it as the direct result of the slight accident. Once a 
young girl came to my clinic on account of some external affection of the eyes. The 
eyes were examined with the ophthalmoscope and in one of them was discovered an 
extensive old chorioiditis. When the tests of vision, which were thereupon made, 
showed-that this eye was almost blind, the girl could not be dissuaded from believing 
that the blindness had developed as the result of the examination with the ophthal- 


moscope. 


> 
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It may also happen, on the contrary, that the disease has been produced by an 
accident although the patient has no information to impart with regard to it. This 
happens especially in industries in which dust or small foreign bodies fly into the work- 
men’s eyes so often that they no longer take any account of them. But the consequence 
of such an inconsiderable injury may be an ulcer; or a traumatic cataract may develop 
long after a small metallic particle has penetrated into the eye, and that, without any 
notice having been taken of it. 

In some cases it is advantageous to take the statements of the fellow workmen. 

Having due regard, then, to the unreliability of the history we have left to us the 
objective findings, from which we conclude, first, whether the changes present are of 
such a kind that they could be produced by an injury at all, and, second, whether the 
alleged accident was just the sort of one that would be apt to produce such changes. 
Scars in the cornea produced by incised wounds look different from those caused by 
ulcers; the results of a contusion of the eye (rupture of the sclera, iridodialysis, luxation 
of the lens, etc.), again, are different from those of incised or punctured wounds. How- 
ever, it is not to be forgotten that the accident may also entail indirect consequences 
which produce objective changes quite different from those produced from the injury 
itself, as, for instance, when an ulcus serpens develops in consequence of an erosion of 
the cornea. 5 

If we find changes which may have developed either as the result of injury or 
spontaneously, we shall still in most cases be able to judge about how long these changes 
have existed, and from this decide whether they are to be brought into relation with 
the accident, which has occurred at a determinate time in the past. Thus, old scars of 
the cornea look different from recent ones; if an eye has been affected with diminution 
of its visual power for quite a long while it often squints, ete. 

Often not only careful examination but also great experience is required in order 
to judge accurately regarding changes when they are rather old, and this is still more 
so when we are dealing with those cases in which no objective changes can be discovered 
at all. These cases are divided into two groups. To the first group belong those cases 
in which anatomical changes are actually present but escape detection. Such changes 
may be so minute that they are not demonstrable with our present appliances, for 
example, in the case of an amblyopia produced by a lesion of the fovea centralis due 
to dazzling from strong light or produced by a small hemorrhage which has already 
become absorbed. Or, the changes may lie behind the eye, for example, in the optic 
tracts as the result of fracture of the base of the skull. Careful examination of the 
function and prolonged observation of the case will often suffice to clear the matter 
up. But the real test of an expert are those cases in which it is a question of purely 
functional disorders. Such are the cases in which the function of the eyes is affected 
simply by shock, or the psychic commotion that accompanies the injury. These cases 
are known by the name of traumatic neurosis, and, so far as their essential nature is 
concerned, belong to hysteria; hence the disturbances of sight that are present must. 
be characterized as hysterical amblyopia and hysterical asthenopia, produced by an 
injury. The symptoms of these conditions are described in § 579. If we find them in a 
workman who has been injured only a little while and has not yet had any medical 
examination of his eyes, we shall be able to make the above diagnosis. But it is other- 
wise when we have to do with patients, especially those who have been through a rail- 
road accident, who make claims for big damages and have already been examined a 
number of times, particularly so if they belong to the cultivated classes. Then there 
is the danger that the symptoms have been suggested to the patients by the repeated 
examinations or that they become more and more conversant with the symptoms, 
about which they have been questioned, and then intentionally simulate them. Since 
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in default of objective finding we are altogether dependent on the patient’s statements, 
it is in many cases absolutely impossible to detect a clever simulant. Cases of this sort 
are constantly accumulating and require the greatest precaution. 

293. The second thing that the expert has to do is to answer the 
question as to how far the earning power of the injured man has been 
affected. For this purpose the function of both eyes must be carefully 
determined by visual tests. In doing this we must have in mind the 
possibility of exaggeration. With some experience it is not difficult to 


estimate the degree of visual disturbance that ought to correspond to 


the objective changes. 


Both eyes may have been injured by the accident, or in case only one was affected 
by it, the other may have been already bad. In both cases the total visual power is 
diminished, and it will be easy to determine for what kind of work the visual power 
that is left should still about suffice. Much more difficult is it to gauge the working 
capacity when one eye has been rendered blind but the other is normal. Then the 
total visual power is also normal, but the special advantages that belong to binocular 
vision, namely the binocular field of vision, and binocular perception of depth, are lost. 
The monocular field of vision is smaller than the binocular because it does not extend ° 
so far toward the side of the blind eye ( see Fig. 271). But this will be found to be 
troublesome in only a few callings, and especially so since the patient by turning the 
head to the blind side and by abduction of the seeing eye soon learns how to get rid of 
the limitation in the visual field produced by the nose. Of more importance is the loss 
of binocular vision. A slight diminution in the visual acuity of one eye does not inter- 
fere with binocular vision, but a great one takes it away altogether. Where we are to 
draw the line here is a matter that varies greatly in individual cases, being dependent 
not only on the degree of visual acuity, but also on many other factors, such as the 
visual field and refraction of the worse eye, the relations of the eye muscles, etc. A 
frequent case is that in which a traumatic cataract has been produced as the result 
of an injury and has later been successfully operated upon. The visual acuity of this 
eye may then be rendered normal once more by a glass correcting the aphakia. Never- 
theless, the eye is not adapted for binocular vision: without the correcting glass it sees 
too little, and, if the other eye has normal sight, the correcting glass is not borne. In 
such a case, therefore, binocular vision is abolished, in spite of there being a normal 
absolute visual power in both eyes. [This is by no means always the case. Useful 
binocular vision may be present even when the two eyes differ very greatly in visual 
acuity and in the distinctness of their retinal images. Moreover, the glass that cor- 
rects the imperfect eye may be well borne even though very different in strength from 
the glass worn by the other eye (§794).—D.] 

Abolition of binocular vision may also occur when the injury in one eye is but 
slight, and yet latent disturbances of equilibrium of the eye muscles were previ- 
ously present. These latent disturbances now become manifest, i.e., are transformed 
into a squint, and by this binocular vision is abolished (see §§ 671,686). 

If we have determined that as the result of the injury binocular vision has 
become impossible we must further try to find out to what extent the injured man 
is prevented by this from doing his work. Binocular vision enables us to estimate 
dimensions of depth directly and with precision (stereoscopic vision). Such vision 
can be dispensed with in many callings, and that, too, not only in coarse sorts of 
work, such as labor in the fields, but also in fine work, like writing; even the watchmaker 
who does the most minute work with a magnifying glass does not require binocular 
vision. But many other kinds of work do require a precise and certain appreciation of 
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distances, and even suchan ordinary thing assplitting wood would beextremely dangerous 
to the fingers of the workmanif he did not have a correct judgment of dimensions of depth. 

[The necessity for binocular vision in such cases has been apparently exaggerated. 
In chopping, hammering, wheeling a barrow along a narrow path, etc., the workman is 
concerned not so much with depth and distance as with direction, and this can be 
determined as well with one eye as with two (Fergus)—D.] By practice, to be sure, 
one can learn to estimate distances correctly with one eye alone, and, in fact, there are 
persons, who, because of unilateral blindness or because of squint, have had nothing 
but monocular vision since youth, and who yet are as serviceable workmen as those 
who have normal sight. They suffer an impairment in their working capacity only in 
this regard, that being one-eyed they do not secure work as readily, many employers, 
in fact, rejecting one-eyed persons as a matter of principle. 

[In other words, they have suffered little loss in working capacity, but a consider- 
able reduction in earning capacity—a distinction important to make. To put it mathe- 
matically (Holt), a man’s earning power EH =F x TxC, where F is the functional capacity 
of his various organs expressed as a percentage of the normal, This technical ability and 
training, and C his competing ability, i.e., his ability and opportunity to apply his fune- 
tional capacity and technical skill to the earning of money. In the cases cited F isreduced 
but little, C a good deal—the men being serviceable, but not acceptable.-—D.] But an 


- older workman, if he loses an eye, frequently becomes really unserviceable for his former 


work because of this loss. Hence when one eye is lost and the second eye is normal, the 
working capacity will vary very greatly; more so than the compensation whichis awarded 
in the individual cases and which ranges within comparatively narrow limits. 

The degree of impairment of earning capacity is stated in percentages by the phy- 
sician who is giving his opinion. In Germany in ease of the entire loss of one eye the 
minimum estimate of this impairment for the ordinary workman is 25 per cent. At 
the same time it is not required that the other eye should have normal sight, but it 
must not be below one-half the normal. In Austria for the ordinary workman the loss 
of one eye is put as equivalent to an impairment of 25 per cent as a minimum, in case 
the other eye has normal sight, but even a small diminution in the visual acuity of this 
latter eye raises the percentage. For a skilled (‘‘qualified’’) workman the impairment 
produced by loss of one eye is estimated in Germany and Austria at a higher figure, 
for instance at 33% per cent. [A like rate obtains in France for complete loss of one 

,eye with disfigurement. For unilateral blindness the reduction in earning capacity is 
held to range from 20 to 30 per cent, and for post-traumatic aphakia, after correction 
of the aphakic eye, from 20 to 28 per cent (Liégard and Prieur).: Hertel regards the 
loss of earning capacity due to the loss of one eye as 25 per cent.—D.| The same rule 
is applied in those cases also in which even when the sight is normal there is paralysis 
with double vision, so that the paralyzed eye has not been rendered blind but has simply 
been prevented from doing its part in binocular vision. Since many workmen whose 
binocular vision has been impaired regain by practice after some time theirformer ability 
to work, it is proper in such cases to allow at the beginning a fairly high accident indem- 
nity—indemnity for the period during which he is forming his new habits—which after 
one or two years is reduced. If both eyes have been enfeebled the amount of impairment 
must be estimated from the visual power of the better eye, [orrather of botheyes together], 
the nature of the work being also taken into consideration. 


III. Ecrasi# oF THE SCLERA 


294, Partial Ectasia.—Partial ectasia of the sclera is represented by a 
circumscribed protrusion taking the form of a dark prominence or swelling, 
The sclera at this spot is thinned, so as to be readily dimpled with the point 
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of a sound; in consequence of the thinning, the chorioidal pigment appears 
through it, and imparts to the ectasia a dark, slate-gray, or bluish-black 
color. By means of focal illumination, light can often be made to pass - 
through the sclera at the ectatic spot, and the coating of pigment on its inner 
surface can be seen through it. According to the situation of the ectasia, 
various forms of it are distinguished—namely: 

1. Anterior Ectasie (anterior scleral staphylomata).—These occupy 
the portion of the sclera adjoining the cornea (Figs. 138 and 139). They 
appear in the beginning under the form of small, dark spots, which after- 
ward become larger and bulge out. When several lie close together they 
become confluent, forming a large swelling which surrounds the cornea like 
an arch or ring. This swelling at various points is constricted in a radial 
direction by the stronger, less distended fibers of the sclera, so that in a 
small way it resembles the large intestine with its sacculations. The limbus, 
under the form of a somewhat depressed gray line, marks the boundary 
between the ectasia and the cornea. When the latter is also opaque and 
ectatic, the sharp line of demarcation between scleral and corneal ectasis is 
often lost, and both ectasiz unite to form a single protuberance occupying 
the anterior segment of the eyeball. It often happens that an anterior scleral 
staphyloma exists, or, at all events, has its chief development, on one side 
only. Then the base of the cornea at this side is pushed forward, so that the 
entire cornea gets to lie obliquely. If, for mstance, the scleral staphyloma 
occurs on the inner side, the cornea looks outward instead of straight for- 
ward (Fig. 139, h). : 

2. Equatorial Ectasie (equatorial staphylomata).—These are dark 
prominences in the region of the equator of the eyeball. They can be seen 
only when the eyeball is turned strongly toward the side opposite the 
staphyloma. They occur at either one or more spots upon the equator, but 
never surround the entire eyeball like a ring, as is frequently the case with 
anterior scleral staphylomata. 

3. Posterior: Ectasie.—These occupy the posterior segment of the eye- 
ball, and cannot, therefore, be seen in the living eye. In respect to origin 
and significance, they are essentially distinct from anterior and equatorial 
staphylomata of the sclera. There are two kinds of posterior scleral ectasle : 
a. The staphyloma posticum Scarpe. This consists in a thinning and pro- 
trusion of the sclera at the posterior pole of the eye to the outer side of the 
optic-nerve entrance. If the ectasia takes on greater dimensions, the optic 
nerve is also involved in it (Fig. 380). This form of ectasia, as Arlt was the 
first to discover, is the most frequent cause of short-sightedness, because, 
owing to the recession of the sclera, the eyeball undergoes an elongation of 
its sagittal axis (axial myopia). The diagnosis of a posterior staphyloma 
can be made in the living eye only by demonstratimg the existence of a high 
degree of myopia and of the changes in the fundus which accompany the 
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latter (§ 413). 8. Posterior scleral protrusion of Ammon. This does not, like 
posterior staphyloma, lie just at the posterior pole, but below it. Contrary 
to the case of the other ectasie of the sclera, it is not acquired but congen- 
ital, being formed in consequence of an incomplete closure of the fetal oph- 
thalmic cleft. It is found in conjunction with the formation of a cleft (colo- 
boma) in the chorioid and frequently, also, with coloboma of the iris 
(see §§ 404 and 435). 

' Acquired ectasiz of the sclera are designated under the name of staphy- 
lomata of the sclera, as has been done in the preceding lines, but the expres- 
sion staphyloma is not applied to the congenital scleral protrusion of Ammon. 

295. Morbid Anatomy.—The anatomical structure of scleral staphyloma is essen- 


tially different from that of staphyloma of the cornea. While the latter consists of 
cicatricial tissue which replaces the cornea that has been destroyed, a scleral staphy- 


Fig. 138. Fie. 139. 


Fia. 138.—Srapaytoma Ciuiarn. (After Pagenstecher.) The eye is bisected horizontally. Sur- 
rounding the cornea there is an ectasia,c, of the sclera, which attains its greatest breadth at the temporal 
side, ¢; and on the nasal side, n, is narrower and less prominent, for which reason the cornea appears 
displaced toward the nasal side. The inner surface of the ectasia is coated with the elongated ciliary 
processes; the iris is invisible because it is pressed against the posterior surface of the cornea, which 
hence looks pigmented in black. The retina and chorioid have been to some extent separated from their 
bed by the dissection; in the retina groups of punctate hemorrhages, b, are observable. The head of 
the cptic nerve, O, shows a deep excavation due to pressure. 

Fia. 139.—SrapHyYLOMA INTERCALARB. The eyeball is horizontally bisected and is depicted of 
somewhat more than the natural size. The ectasia, s, of the sclera is interposed on the nasal side, n, 
between the ciliary body, c, and the cornea, h, so that the latter is displaced toward the temporal side. 
The inner surface of the ectasia is covered with pigment, representing the remains of the root of the iris 
which has become adherent to the thinned sclera; this pigment in consequence of being spread over 
so large a surface, shows numerous gaps. Toward the outer side the ectasia constantly diminishes 
in breadth, so that, at the spot where the temporal wall of the eyeball, t, has been cut through, nothing 
but a very narrow interspace is observable between the ciliary body-and the iris, a condition due to that 
agglutination of the root of the iris to the sclera which characterizes an increase of tension. In the 
bisected optic nerve, i, no excavation is present; and, in the retina can be seen the fovea centralis, f, 
and the expansion of the retinal vessels. hae 


loma is formed of the sclera itself, which has not disappeared at the site of the ectasis, 
but is simply thinned, so that often it is no thicker than a sheet of paper. In posterior 
staphyloma the thinning is uniform; in anterior and equatorial staphylomata we often 
find that the thinning is not uniform, and commences suddenly, owing to the abrupt 
disappearance of the inner layers of the sclera at the margin of the ectasis. The sclera 
then in the spot where it bulges looks as if it had been gnawed into from the inner side 

e . * 6 é . e = * 
and thus deprived of its innermost layers (Fig. 124, a). Probably this is owing to the 
fact that the innermost layers of fibers of the sclera, in consequence of the great stretch- 
ing to which they are exposed, first rupture at some spot and then gradually separate 
from cach other (Czermak and Birnbacher). The uvea is always solidly adherent to 
the inner surface of the ectasia, and is here so atrophic that scarcely anything is left of 
it but its pigment layer, which forms the dark coating of this inner surface. 
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Dissection of ectatic eyeballs shows that an anterior scleral staphyloma may be of 
two kinds—ciliary or intercalary staphyloma. The former (Fig. 138) belongs to that 
part of the sclera the inner surface of which is coated by the ciliary body; the latter 
(Figs. 139, 140), on the other hand, develops in that narrow portion of the sclera which 
is situated in front of the ciliary body, between it and the margin of the cornea; for 
the anterior border of the ciliary body, and hence, too, the root of the iris, as it caches 
from the ciliary body, do not correspond precisely to the sclero-corneal junction, but 
le somewhat behind it (Figs. 142 and 147)—that is, the most anterior portion of the 
sclera, which lies in front of the root of the iris, belongs to the anterior chamber, But 
although it is just in this portion that an intercalary staphyloma develops, the iris 
does not lie behind the latter but in front of it, just as in the case of a cilary staphyloma. 
This comes to pass in the following way: The formation of the ectasia is preceded by 
increase of tension, which causes the most peripheral portion of the iris to be pressed 
forward and to become united with the sclera (see § 450 and Figs. 215 and 216). Hence 


that part of the iris lying free in the anterior chamber is given off from the sclera at a 
{ 


Fie. 140.—InTERCALARY StrapHytoma. Magnified 4X 1. 


The figure represents a vertical section through the anterior half of the ectatic eyeball, which 
presents a great resemblance to the eye shown in Fig. 139, except that the most marked ectasia in the 
present case is situated above the cornea. The limits of the cornea are marked by the limbus / and lh. 
At | may be seen how the root of the iris is applied to the sclera, and the beginning of a process of 
thinning in the sclera can be made out, while on the other side of the eye there is a fully developed 
intercalary staphyloma, which extends from a to b, and which in the living eye formed a dark translu- 
cent prominence. In the region of the staphyloma the sclera is reduced to half its normal thickness, 
and its inner surface is covered with a thin pigment coating representing the remains of the iris. The 
iris is adherent to the sclera from the ciliary body, a, to the anterior border, b, of the ectasia. The 
ciliary processes, owing to atrophy, are flatter than normal. 


point farther forward than usual. Looked at with the naked eye, it seems as if the 
insertion of the iris had been pushed forward, up to the sclero-corneal junction or be- 
yond it. Now, an intercalary staphyloma develops precisely in that region of the sclera 
which is united with the periphery of the iris—i.e., at | in Fig. 140, where the beginning 
of such an ectasia may be made out from the fact that just in front of the point where 
the iris is given off the innermost lamella of the sclera have separated and the iris has 
been pushed into the gap. Hence, too, later on and even when it has grown to be so 
very large, the ectasia always lies between the real origin of the iris at the anterior 
border of the ciliary body (Fig. 140, a) and its apparent origin at the spot where the 
portion of the iris that is yet free commences (Fig. 140, 6). The inner surface of an 
phyloma. is coated with a layer of pigment, which is nothing but the 
completely atrophic root of the iris that has become united to the sclera. a 

In an eyeball which has not been dissected, the distinction between a ciliary and 
an intercalary staphyloma is more difficult to effect than in an anatomical specimen, 
but may still be made from the following diagnostie pomts: In intercalary staphyloma 
the anterior ciliary vessels are seen emerging from the sclera at the posterior border of 


intercalary sta 
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the ectasia, in ciliary staphyloma at its anterior border; furthermore, a thin ciliary 
staphyloma usually transmits light, and so admits of our recognizing the elongated 
ciliary processes as black striz on its inner surface (c, Fig. 138). 

296. Total Ectasia.—This consists in a uniform dilatation of the entire 
sclera, so that the eyeball is enlarged in toto. . The sclera is everywhere 
thinned and the chorioidal pigment shows through it, so that it has a bluish- 
white appearance. Total ectasia can develop only in youth when the sclera 
is still everywhere yielding; the sclera of adults is so rigid that it can pro- 
trude only at certain weaker spots, and hence it admits of only partial 
ectasie. Total ectasia occurs most frequently at the same time with staphy- 
loma of the cornea or with anterior scleral staphyloma. By the combination 
of these two kinds of ectasia a very extraordinary enlargement of the eyeball 
sometimes develops. Much more rarely a second, pure form of scleral 
ectasia is observed, in which the eye shows simply a uniform enlargement 
in all its dimensions—an enlargement in which the cornea also participates 
(megalocornea). This condition is characterized as hydrophthalmus or 
buphthalmus (4+%s, ox, on account of the resemblance to the large eyes of 
oxen). Hydrophthalmus'is either congenital or is acquired in early child- 
hood, and is probably analogous to the glaucoma of adults, under which dis- 
ease, therefore, hydrophthalmus will be treated of in detail (see § 447). 

297. Etiology.—Every ectasia of the sclera is the result of a dispropor- 
tion between the intra-ocular pressure and the resistance of the sclera. 
Either the tension of the eye is pathologically heightened or the tenacity of 
the sclera is diminished. The former is much the more frequent cause of 
scleral ectasie (if the posterior ectasie are excepted). Scleral ectasie 
develop slowly, and the disproportion between the tension of the eye and the 
resistance of the sclera must persist for a pretty long time before it can make 
the sclera become ectatic. 

(a) The result of elevation of the intra-ocular tension is that every square 
millimetre of the interior surface of the sclera has to bear the same increase 
of pressure. If the sclera possessed the same constitution throughout, it 
would, in case it yielded to the pressure at all, expand in a perfectly uniform 
fashion. But some portions of the sclera are constructed less solidly than 
others, and these give way first to the increased pressure. These less tena- 
cious spots are those in which the sclera has nerves or vessels passing 
through it into the interior of the eye, and in which, therefore, it is perfor- 
ated and thinned. Chief among these places is the lamina cribrosa, and next 
those portions of the sclera where the venz vorticosx and the anterior cili- 
ary vessels perforate it. At the site of the lamina cribrosa the sclera is 
reduced to a thin membrane, which is riddled with holes like a sieve, and 
which, under increased pressure, bulges out backward. This bulging, how- 
ever, is not counted among the staphylomata of the sclera, but is designated 
as an excavation of the optic nerve, because the head of the optic nerve 
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recedes simultaneously with the lamina cribrosa (§ 439). Equatorial staphy- 
lomata develop at these spots where the vene vorticose perforate the sclera, 
and anterior scleral staphylomata at the spots where the anterior ciliary 
_ vessels are transmitted. The other, more resistant sections of the sclera 
remain unchanged, even under increased intra-ocular pressure; it is only in 
children, in whom the whole sclera is distensible, that total ectasia develops. 
The most frequent causes of the elevation of intra-ocular pressure are 
glaucoma, seclusio pupille, and ectatic cicatrices of the cornea. In glau- 
coma, in which the venz vorticose are the main seat of congestion and 
inflammation, equatorial staphylomata generally develop; seclusio pupille 
and staphylomata of the cornea, on the contrary, in which the inflammation 
expends itself upon the most anterior sections of the eyeball, mostly induce 
anterior ectasize of the sclera. 
(b) The result of diminished resistance of the sclera may be that the lat- 
‘ ter is unable any longer to withstand even the normal intra-ocular pressure. 
, 
4 
| 


Diminished resistance deyelops in consequence of inflammations of the 
sclera, and hence occurs in the deep form of scleritis, which leads to anterior 
scleral ectasia (page 336); it also occurs when tumors (malignant new 
growths, gummy or tuberculous nodules) develop in or beneath the sclera. 
; Injuries of the sclera also diminish its tenacity, and hence the cicatrices after 
penetrating wounds (and especially after ruptures) of the sclera very fre- 
quently become ectatic. Scleral ectasiz arising in this way lead subse- 
quently to elevation of the intra-ocular pressure, which then, however, must 
be regarded not as the cause, but as the result of ectasis, even though it does 
contribute to make the latter larger still. Here, then, the same process that ~ 
occurs in ectasie# of the cornea (page 327) is repeated. 

Posterior scleral ectasize are likewise referred to a diminution in the ' 
resistance of the sclera. With regard to the development of staphyloma 
posticum, the cause of it is assumed to be a congenital weakness of the sclera 
in its posterior portion. With respect to Ammon’s scleral protrusion, the 
idea is held that the fetal ophthalmic cleft is filled up with a sort of inter- 
mediary tissue which does not possess the firm texture of the normal sclera, 
and hence gives way before the ocular pressure. 

298. Consequence of Scleral Ectasi#.—In anterior and equatorial 
staphylomata of the sclera the sight is at length completely destroyed 

through rise of tension. If the ectasia does not come to a stop, the enlarge- 
ment of the eyeball keeps growing greater and greater. The eyeball pro- 
jects far beyond the palpebral fissure, can be covered but incompletely by 
the lids, and is extremely disfiguring. Conjunctival catarrh, lachrymation, 
and blepharospasm develop as a result of the mechanical irritation, and not 
infrequently the lower lid is pushed so far out by the enlarged eyeball as to 
be everted (ectropion). Finally, some slight injury suffices to cause the rup- 
ture of the staphyloma at a particularly thinned-out spot. The greater part 
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of the liquefied vitreous is evacuated, and in consequence a violent hemor- 
rhage may take place, and the eye may undergo destruction with the symp- 


toms of panophthalmitis. 

Anterior and equatorial ectases usually entail further changes in the interior of the 
eye. In consequence of the enlargement of the ring formed by the ciliary body, the 
iris becomes stretched and atrophic, and may even in places be separated from its 
insertion (spontaneous iridodialysis). The same is true of the zonule of Zinn, which, 
through atrophy, gets to be so deficient that the lens becomes tremulous or even under- 
goes luxation. The ciliary body, chorioid, retina, and optic nerve become atrophic; the 
latter generally presents a deep excavation due to the increase of tension (Fig. 139,0). 

Staphyloma posticum, if it enlarges, causes a considerable increase in 
the short-sightedness, without, however, inducing elevation of tension and 
the other deleterious consequences of anterior and equatorial staphylomata. 
The scleral protrusion of Ammon remains stationary and entails no injurious 
consequences. 

299 Treatment.—It is only anterior and equatorial, not posterior, 
ectasiz of the sclera that are amenable to treatment. In the former; which, 
in the great majority of cases, have developed in consequence of an increase 
of tension, the main indication is iridectomy, provided that it is still tech- 
nically practicable. Inasmuch as this operation diminishes the intra-ocular 
pressure, it puts a stop to the further enlargement of the scleral ectasize (and 
in especially favorable cases even causes diminution in the size of an ectasia 
already existing), and likewise preserves the sight, so far as it still exists, 
from total destruction.’ If, as indeed is generally the case, iridectomy is on 
technical grounds no longer practicable, there is nothing else left to do but 
enucleation, in case the eye distresses the patient by its size, its painfulness 
or the disfigurement it causes. 


300 Pigmentation of Sclera.—[Extensive pigmentation of the sclera may occur 
as arare anomaly (Smyth). For the blue (thin) sclera see page 333.—D.] 

Ulcers and Tumors of the Sclera.—The sclera is not very apt to become inflamed 
and still less are the products of its inflammation apt to undergo purulent disintegra- 
tion; thus, for example, ulceration of scleritic nodules is never observed. Ulcers which 
originate in the adjacent part of the cornea are always arrested as soon as they reach 
the sclera; nor are ulcers of the conjunctiva any more likely to extend to the sclera 
beneath them. Hence ulcers in the sclera are among the greatest of rarities. They 
originate from injuries with coincident infection and also from the disintegration of 
new growths (syphilitic, tuberculous, and leprous nodules, malignant neoplasms) 

= New growths, too, occurring primarily in the sclera are very rare; although tumors 
originating in other parts of the eye do pass over to the selera. Fibromata, sarcomata 
and osteomata are the primary tumors that have been observed in the sclera, Penrod 
has reported a case of scleral cyst. ] 
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CHAPTER IV 


ANATOMY AND PHYSIOLOGY OF THE UVEA, 
EMBRYOLOGY OF THE EYE 


I. ANATOMY 


301. Ir we carefully remove the sclera and cornea from an eyeball, we 
have presented to us the iris, ciliary body, and chorioid in connection. 
Together these form the middle tunic of the eye, which takes the shape of 
a sphere, colored dark brown by the pigment which it contains. In front 
this has a large aperture, the pupil; behind, it has a small one, the opening 
designed for the transmission of the optic nerve. On account of the simi- 
larity of the dark sphere, hanging upon the optic nerve as upon a stalk, 
to agrape (uva), the middle tunic of the eye has received the name of wvea, 
and also of uveal tract. 

(a) Irts 

302. The iris' is a disk-shaped membrane, perforated in the center by 
the pupil.? By its peripheral or ciliary border it springs from the anterior 
surface of the ciliary body. From this point it stretches over the lens, its 
central or pupillary border lying upon the anterior capsule, and gliding 
upon it with the movements of the pupil (Fig. 142). By lying in this 
way upon the lens, the iris obtains a firm support. Hence, when the 
lens is absent or has lost contact with the iris, the latter is seen to tremble 
or vibrate with movements of the eyeball (tremulousness of the iris, zrdo- 
donesis’). Since the umbo of the lens lies farther forward than the spot 
where the iris originates in the ciliary body, the iris forms a shallow cone, 
whose apex, directed forward, is cut off short by the pupil. The shallower 
the anterior chamber becomes through advancement of the lens, the greater 
is the altitude of this cone; if, on the other hand, the lens is absent, the iris 
extends in a plane. 

In looking at the iris with the naked eye, or, still better, with the mag- 
nifying glass, we recognize in it delicate markings, which are formed by ele- 
vations and depressions of its anterior surface (relief of the iris, Fig. 141). 
Sharp and clear in the normal eye, these markings are blurred or absolutely 
indistinguishable in an inflamed or atrophic iris, so that they constitute an 
important sign in iridic affections. The markings are chiefly formed by 
radially directed, projecting ridges, which are nothing but the blood-vessels 
lying in the stroma of the iris, and running from the ciliary to the pupillary 


1 Tri ount of its rainbow shape, not on account of its color. Vr get. 

2 Pupiila pronetly means girl; perhaps so called because in the pupil one sees a diminutive image 
of himself reflected from the cornea. So, also, in ol¢ German works the pupil is named “ Kindlein 
(= little child). In Greek, too, the pupil is called xopy, girl, from which the expressions corectopia, 
corelysis, etc., are derived. , 

3 From iris and doveouat, I vibrate. 
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margin. Near the latter they interlace with a ring of circular ridges—the 
lesser circle (circulus minor) of the iris (k, Fig. 141). This latter divides the 
iris into two zones: that lying to the periphery of the circulus minor is the 
ciliary zone (C); that lying to the central side of it is the much narrower 
pupillary zone (P), which is often distinguished from the ciliary zone by a 
different coloration. Along the circulus 
minor may be noticed pit-like depres- 
sions (crypts, c) in the surface of the iris. © 
Similar but much smaller openings in 
the anterior surface are also present at 
the periphery of the iris, close to its root; 


He La but these are not perceived in the living 
ns eye, partly because they are too small, 

Sia A Irs. i 
eo That eed OY TP TS partly because they are concealed by the 


P, pupillary zone; C, ciliary zone; r, fringe margin of the sclera, which projects in \ 


of retinal pigment; k, lesser circle; c, crypt; ‘ 
f, contraction groove; n, nevus; p, peripheral front of them. It is only in blue eyes, 


see especially in children, that this peripheral 
perforated zone becomes apparent as a dark, almost black, circle (p) close 
to the root of the iris. The pupillary margin of the iris is seen to be lined 
by a narrow black fringe (r), which stands out with especial prominence in 
eyes affected with cataract; for it contrasts much more forcibly with the 
white background of the clouded lens than with the black of the pupil of 
a normal eye. 

The examination of the iris in the living eye shows us, besides the details of relief 
mentioned above, a number of concentric curved lines near the ciliary margin of the 
iris (f, Fig. 141). ‘They are particularly well seen in a dark iris with a contracted pupil, 
when owing to their light color they show off well upon the brown background. These 
are the contraction furrows of the iris; so called because, as the iris becomes narrower 
during the dilatation of the pupil, its anterior surface is disposed in folds, and depres- 
sions between the folds (f, f, Fig. 142) form the furrows in question, at the bottom of 
which the stroma of the iris generally contains less pigment. When the pupil contracts, 
these folds are smoothed down, and the furrows open out and are then easier to be seen. 


EXPLANATION OF Fic, 142.—Meripronau Section THROUGH THE ANTERIOR PORTION OF THE Eyp. 
Magnified 16 X 1. 

_ The boundary between cornea, C, and sclera, S, is marked at its posterior surface by the cross 
section of Schlemm 8 canal, s. Anteriorly it is covered by the limbus conjunctive, L; farther back 
the cross section of an anterior ciliary vein, ci, is seen in the sclera. The iris is attached by the liga- 
mentum pectinatum, /, to the inner posterior wall of Schlemm’s canal. Since the pupil in this eye was 
contracted, the iris is long and thin, and its pupillary border is drawn out into a thin edge (cf. Fig. 
61). On the anterior surface of the iris may be recognized the orifices of the erypts both in the circulus 
minor (cr) and in the periphery (c), also the contraction furrows, f, f. The posterior surface of the iris 
is covered with a sheet of retinal pigment which turns forward sharply like a spur at the pupillary 
margin, p. At one spot the posterior layer, h, of the pigment has separated so that the anterior layer, 
v, can be seen isolated. Close to the pupillary margin, the eross section, sp, of the sphincter pupille 
is visible. From the posterior wall of Schlemm’s canal rises the ciliary muscle, consisting of longitu- 
dinal fibers, M, and circular fibers, Mu; the transition from one portion to another is effected by the 
radial fibers, r, At the anterior margin of the circular portion is seen the cross section of the circulus 
arteriosus iridis major (a). Upon the ciliary muscle are situated the ciliary processes, P, which are 
covered by the two layers of the pars ciliaris retine- namely, by the pigmented cellular layer, pe, 
which is the continuation of the pigment epithelium, Pe, and by the non-pigmented layer, pc, the con- 
tinuation of the retina proper, R. The flat part of the ciliary body, the orbiculus ciliaris, O, extends 
to the ora serrata, 0, where the chorioid, Ch, and the retina, R, begin. Upon the orbiculus lie the fibers 
of the zonule of Zinn, z, which farther forward pass into the free portion, 21, of the zonula and there 


inclose the cavity of the canal of Petit, 7. The lens, L, shows at its equator besides the attachments 
of the zonular fibers, the cross section, k, of the ring of nuclei. 
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With the varying dilatation and contraction of the pupil we also adtine a change 
in the rim of pigment upon the pupillary margin: the more contracted the pupil is, 
the broader this becomes; on the other hand, when the pupil is greatly dilated, it 
disappears entirely. (Compare Fig. 142 with Fig. 61.) 

When the pupil is very much contracted, we not infrequently observe even in 
normal eyes a faint tremulousness of the iris (iridodonesis), which otherwise occurs 
only in dislocation of the lens. This is due to the fact that with a contracted pupil the 
posterior chamber is deeper and at the same time the greatly dilated iris is considerably 
thinned—circumstances both of which favor wavering of the iris. ; 

303. Microscopical Anatomy.—The iris stroma consists essentially of 
numerous vessels running in a radial direction from the ciliary to the pupil- 
lary margin. The vessels are inclosed in a thick adventitia, and are sur- 
rounded by a loose meshwork of branched and pigmented cells, which fill 
up the interspaces between them (Fig. 164). The vessels, together with the 
cellular meshwork, form the stroma of the iris, which consequently is a very 
loose, spongy sort of tissue. Close to the pupillary margin of the iris the 
muscle which closes the pupil—the sphincter iridis—is found imbedded in 
the stroma (Fig. 142, sp). This is a flat band of smooth muscular fibers, 
1 mm. broad, lying close to the posterior surface of the iris. 

On the anterior surface of the iris there is a specially dense layer of cells 
(anterior limiting layer, Fig. 164,v). Next to this is a layer of endo- 
thelium, which is a continuation of the endothelium of Descemet’s mem- 
brane, and covers the entire anterior surface of the iris as far as the pupillary 
margin. It is deficient only at those spots which correspond to the erypts, 
including both those at the pupillary (Fig. 142, cr) and those at the ciliary 
margin (c, c). These crypts, therefore, form apertures which lead into the 
interior of the tissue of the iris and place its tissue spaces in free communi- 
cation with the cavity of the anterior chamber. This arrangement favors 
the rapid change in volume of the iris in the alternating movements of the 
pupil, since it enables fluid to pass quickly from the tissue of the iris into the 
anterior chamber and vice versa. 

The posterior surface of the stroma of the iris is covered by the posterior 
limiting membrane and the retinal pigment layer. The former (also called 
Bruch’s membrane, Fig. 143, m, and Fig. 147, h) consists of fibers, which 
extend in a radial direction from the ciliary to the pupillary margin, and 
form the dilatator pupille. These are muscle fibers of a peculiar character, 
which, just like the fibers of the sphincter, are derived from the anterior row 
of cells of the retinal pigment layer (ectodermal muscle cells, Vialleton, 
Grynfeltt). To the posterior limiting membrane succeeds the retinal pig- 
ment layer, which coats the posterior surface of the iris. It extends to the 
pupillary margin, round which it turns so as to appear a little on the anterior 
surface of the iris (Fig. 142, at p), and so forms that black rim which we per- 
ceive along the pupillary margin, when we look at the eye from in front. 
The pigment layer consists of two strata of epithelial cells (v and h, Fig. 142, 
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and v and h, Fig. 143), which merge into each other at the pupillary margin. 
The two together, as embryology teaches us, represent the continuation of 
the retina to its termination at the pupillary margin (Fig. 163). This layer 
of the iris is therefore designated as the retinal layer (pars retinalis iridis 
Sive pars iridica retin), in contradistinction to the anterior layers, which, 


as they belong to the uvea, are comprised under the name of pars uvealis 
iridis (Schwalbe). 


The retinal pigment layer is composed of two strata of cells, the recognition of 
which, however, is rendered very difficult by their profuse pigmentation. It is only 
in the embryo (occasionally also in the newborn infant) and in the albinotic eye that 
the two strata can be clearly distinguished from each other without some special prep- 
aration. In other cases we must first decolorize the pigment cells artificially by some 
bleaching process (Fig. 143). We then can distinguish the two strata from each other 
and then also establish the fact that they are the continuation of the two layers of 
the secondary ocular vesicle upon the posterior surface of the iris. The anterior stratum 
of pigment arises from the pigment epithelium of the retina. From the anterior por- 


Fre. 143.—Posrerior Layers or THE Iris. MerrmionaL SECTION THROUGH THE IRIs oF AN ADULT, 
Deco.LorizEepD BY Fick’s MerHop. Magnified 300 X 1. 

To the posterior layers of the stroma of the iris, s, with its branched cells, succeeds the dilatator 
or the posterior limiting membrane, m, whose posterior surface is lined by the protoplasm and the 


. oblong nuclei of the anterior stratum v, of the retinal pigment layer. In this stratum the boundaries 


indivi i i 3 f the retinal pigment layer 
of the individual cells cannot be recognized. The posterior stratum, h, of a yer, 
consists of elevated cylindrical cells with round nuclei. The cells are of different heights, ped are so 
grouped that their posterior surface in section forms a series of rounded eminences such as also are to 
be found on a smaller scale in the iris shown in Fig. 142. These eminences represent the cross section 
of the dark brown, annular projections, running concentrically with the pupil, which ee ioe precens 
on its posterior surface when examined with the tke aber The pestener pores et oe Bier O! calls 
i ‘ i i i whi eS T, 1D 3 S 
is characterized by its peculiarly sharp contour, whic oes not, however, i p 
appearance of a true fntting membrane. The cells of the posterior layer still contain a few pigment 
granules which have escaped decolorization. 


tion of the protoplasm of these cells develop the fibers of the dilatator (Fig. 143, m), 
while the nuclei remain in the posterior, pigmentiferous portion of the cells (v). The 
posterior stratum (h) is the continuation of the retina proper (Fig. 163). In patho- 
logical cases a separation not infrequently takes place between the two stra a, because 
they are not attached with the same degree of firmness to the iris. While e anterior 
stratum is very intimately adherent to the posterior surface of the iris, the posterior 
stratum readily becomes separated from it (in Fig. 142 the separation has resulted 
accidentally from the dissection). When, for example, adhesions of the posterior sur- 
face of the iris to the capsule of the lens (posterior synechiz) are torn away the poster- 
ior stratum is left as a black coating upon the anterior capsule, while the anterior stra- 
tum remains upon the iris. So, too, by penciling the iris we can easily remove the 
posterior stratum, leaving the anterior stratum behind upon the posterior surface of theiris. 
Then, when we make a microscopical examination of the iris that we have penciled, 
we find the anterior stratum intimately connected with the posterior limiting membrane. 


304. The color of the iris, which is either light (blue or gray) or dark 
(brown), is caused by the iridic pigment. There are two kinds of pigment 
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in the iris: one lies in the branched cells of the stroma, and is hence called 
the stroma pigment; the other fills up the epithelial cells of the retinal pig- 
ment layer (retinal pigment). Upon the proportion between the amount of 
pigment deposited in these two the color of the iris depends. The retinal 
layer of the iris always abounds in pigment, while the amount of stroma 
pigment that the iris contains varies greatly. When the stroma contains 
little pigment, the retinal pigment shows through the thin iris, and appears 
blue. This is due to the same phenomenon that causes a dark background 
always to appear blue when looked at through a more or less opaque med- 
ium. Thus, for instance, through a delicate skin the veins look blue. If the 
stroma is deficient in pigment, but pretty thick and compact, the iris 
appears gray. And, finally, the greater the amount of brown stroma pigment 
that the iris contains, the more this pigment becomes visible and makes the 
iris appear hrown, while the retinal pigment layer, which les behind, is 
more and more concealed by the stroma pigment and withdrawn from view. 

Not infrequently in an iris, that is but slightly pigmented as a whole, 
one or two isolated accumulations of pigment are found in the stroma. 
These then stand out as dark (rust-colored, brown, or black) spots in an 
otherwise gray or blue iris (nevi iridis, n in Fig. 141 and Fig. 61). The 
presence of a pretty large number of them gives the iris a mottled appear- 
ance. Exceptionally, cases occur in which the iris has no pigment either in 
its stroma or in its retinal layer. Such an iris is found in albinos; it is trans- 
lucent, and, on account of its numerous vessels, has a delicate, grayish-red 
color. 

As is universally known, the color of the iris changes in the first years of life. Most 
children are born with a deep-blue iris. The stroma contains but little pigment and is 
still very thin, so that the posterior pigment layer is seen through it, having a bluish 
look. With increasing age the stroma becomes thicker and thicker. If, while this is 
taking place, the pigmentation does not increase, the iris simply becomes of a light 
blue or gray; but if, simultaneously, there is an increase of the pigment of the stroma, 
the iris takes on a brown color. The transformation of a blue iris into a brown one is 
sometimes confined to a part of the membrane, so that a brown sector is seen in an 
otherwise light-colored iris. Moreover, the iris of one eye may be blue and that of the 
other brown. [This is called heterochromia iridis.]| In such cases the eye with the 
lighter iris often becomes affected with eyelitis and cataract. [See § 490.} 

The color of the iris is always proportioned to the pigmentation of the rest of the 
body. The dark races always have a dark iris. 


(b) Ciliary Body 
305. ‘The ciliary! body is brought into view when the eyeball is bi- 
sected, and the vitreous, the lens, and the retina are removed, so that the 


uvea is everywhere exposed. The spot where the retina is torn away ante- 
riorly is marked by a jagged line—the ora serrata (0, 0, Fig. 144). Corre- 


4 From cilia, lashes, because of the fine, radiating folds.. The ciliary dy is ¢ 
(hence eyclitis) from xvKXos, a circle. . ee es iia 
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Fia. 144. —Honrizonrau Secrion or Tom Orprr. (Scuematic.) Magnified 2X 1. 


The nasal wall of the orbit is formed by the lamina papyracea (os planum) of the ethmoid, J, the lachrymal bone, 7, and the frontal process, F’, of the superior 
maxilla. The last two bones bound the fossa sacci lacrimalis, in w lies tl shrymal sac, 8S. The bony walls of the orbit are coated by a periosteum (periorbita), 


P, from which the palpebral ligaments tak 1. The internal palp ament, l, divides into an anterior limb, v, and a posterior limb, h, which together 
inclose the lachrymal sac. From the posterior limb arise bers of H« 


1 C i ; é s muscle, /. . le, external palpebral ligament; fi and fe, the slips of fascia [check liga- 
ments], likewise passing from the periosteum to the internal rectus muscle, /, and the 


; n 21 | external rectus, 2. The skin, N, of the dorsum of the nose passes into the 
lower lid, at whose free border are seen the cilia and the orifices of the Meibomian glands, m; between the two extends a gray line, 7. At the inner extremity of the 


lid lies the inferior punctum lacrimale, p, and farther along in the conjunctival sac the carunele, c, and the plica semilunaris, n. From the eyeball, the lower half 
of which is presented to view, the lens and along with it the vitreous have been taken out, and the pigrasnt epithelium has been removed by penciling. The anterior 
_ chamber, k, the iris, ir, and the ciliary body, consisting of the corona ciliaris, c, and the orbiculusciliaris, or, are visible. Back of the ora serrata 0, is the chorioid 


egated into vortices, v. J, fovea centralis retinw; cu, central vessels of the optic nerve, O, entering it at e. 
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sponding to this there is a change in the coloration of the uvea, which behind 
this line is brown (chorioid), infront of it black (ciliary body). At the anterior 
margin of the black zone rise the ciliary processes, about seventy in number. 
These are conspicuous not only by their prominence, but also because of 
their lighter color, their apices being less strongly pigmented than are the de- 
pressions between them. The anterior zone of the ciliary body, bearing the 
ciliary processes, is called the folded part of the ciliary body—corona ciliaris 
(c, Fig. 144) ;back of this is the posterior part of the ciliary body—pars plana 
or orbiculus ciliaris (or)—which is smooth and of a uniform black color. 

If we strip off the entire uvea from the cornea and sclera, we get a view 
of the outer side of the ciliary body. This is covered by a layer of gray tis- 
sue—the ciliary muscle. 

Longitudinal sections (i. e., those carried in a meridional direction, 
Fig. 142) are the ones best adapted for accurate study of the ciliary body. 
In such sections the ciliary body appears triangular. Its shortest side looks 
forward, and at about its center gives origin to the iris. The two long sides 
of the triangle look inward and outward respectively. The inner side bears 
the ciliary processes (P, Fig. 142), while the outer side is formed by the 
ciliary muscle (/). 

306. Ciliary Muscle.—If we examine the separate layers of the ciliary 
body, proceeding from without inward, we first come upon the ciliary mus- 
cle. This was discovered by Briicke, and was called by him the tensor chor- 
ioideee. It consists of two portions, distinguished by the differing direction 
of their muscular fibers. (a) The external portion contains the longitudinal 
or meridional fibers—that is, those running from before backward (MV, Fig. 
142). As these are the ones first discovered by Briicke, they are also called 
Briicke’s portion. The longitudinal fibers arise from the external fibrous 
tunic of the eye, at the boundary between the cornea and sclera (at 1, Fig. 
142), and run straight backward to a point at which they gradually are lost 
in the external layers of the chorioid (Fig. 142, Ch). (6) The second portion 
of the ciliary muscle lies to the inner side of the first, and contains those 
fibers which have a circular course, and which, hence, in sections made 
meridionally, are seen in cross section (Mu, Fig. 142). They are designated 
as Miiller’s portion, from their discoverer, Heinrich Miller. 

The ciliary muscle is composed of smooth muscular fibers, which do not present a 
compact mass but are disposed in flat bundles, which are separated by connective tissue, 
and which interlace repeatedly so as to form a sort of plexus. For this reason there is 
no well-marked separation between the two portions of the ciliary muscle; on the con- 
trary, the longitudinal fibers by a very gradual transformation become bent so as to take 
a circular direction. Those bundles which effect the transition from fibers of one direction 
to those of another have been denoted by the name of radial bundles (r, Figs. 142 and 147), 

The proportion between longitudinal and circular fibers varies according to the 
refractive state of the eye. In hypermetropic eyes the circular fibers are strongly devel- 


oped, while in myopic eyes they are present in much smaller numbers (see § 771, and 
Figs. 383 and 384). 
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[The circular fibers effect the changes in the shape of the lens, upon which accom- 
modation depends (see § 758). According to Thomson, they also act as a pump 
withdrawing fluid from the aqueous chamber and discharging it into the Boaces 
of the ligamentum pectinatum and Schlemm’s canal. On this hypothesis their 


absence would lead to insufficient outflow and to increase of intra-ocular pressure 
(see §§ 452, 453).—D.] 


307. Ciliary Processes.—The ciliary processes (P, Fig. 142) are placed 
upon the ciliary muscle. They consist of a connective-tissue stroma, which, 
along with branched pigment cells, contains an extraordinary number of 
blood-vessels, so that the ciliary processes must be regarded as the most vas- 
cular portion of the entire eyeball. The inner surface of the ciliary body is 
covered by three layers of tissue. The first of these is a homogeneous mem~ 
brane, the vitreous lamina of the ciliary body (Fig. 145, 1). Succeeding this: 
is a layer of pigmented cells (P, Figs. 145 and 146); and, lastly, a single. 


Fie. 145. Fie, 146. 

Fic. 145.—Portion or A MbpRIDIONAL SECTION THROUGH A CILIARY PROCESS, SOMEWHAT 
BEHIND ITs APEX. Magnified 2401. The stroma of the ciliary process, S, consists of delicate con- 
nective tissue in which lie the broad and very thin-walled blood-vessels, g. Succeeding these are the 
vitreous lamina, /, and next the two layers of the pars ciliaris reting. One is the pigment layer, P, 
representing the continuation of the pigment epithelium; its cells, on account of their deep pigmenta- 
tion, disclose neither their nucleus nor their contour. The second layer, C, which is unpigmented, 
consists of a single stratum of cubical cells, representing the continuation of the retina proper. 

Fic. 146.—SvuperFiciaAL LAYERS OF THE FLAT PorRTION (ORBICULUS CiLIARIS) OF THE CILIARY 
Bopy tn MerrpionaL SectTion. Magnified 270% 1. Taken from the same section as Fig. 145. The 
cells of the pigmented layer, P, of the ciliary body dip into the stroma, S, of the latter in the form 
of processes which are club-shaped or gland-shaped (but contain no gland cavity). The light area 
surrounding them represents the vitreous lamina, which in this case is but indistinctly visible. The 
cells of the superficial non-pigmented layer C are here longer and cylindrical. On their free surface 
lie the fibers, Z, of the zonule of Zinn. 


stratum of non-pigmented, cylindrical cells (C) forming the most superficial 
layer—i. e., the one that adjoins the vitreous. The last two layers are the 
continuation of the secondary ocular vesicle, namely of the pigment epithel- 
ium and of the retina in the narrower sense of the word, which is here 
reduced to a single stratum of unpigmented cells. The two layers together 
are called the pars ciliaris retine. They pass over upon the posterior surface 
of the iris, where they are converted into the two strata of the retinal pig- 
ment layer of the iris (pars iridica retine, v and h, Fig. 148). 


308. Ligamentum Pectinatum.—Tne place where theirisand the ciliary 
body are attached to the sclera deserves particular attention. We can readily 
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convince ourselves that the iris does not arise from the sclero-corneal junc- 
tion, but farther back, so that the most anterior portion of the sclera is still 
in the confines of the anterior chamber. The connection between the sclera 
and the root of the iris is made by means of loose tissue which arises at the 
margin of the cornea, and from this point extends backward to the root of 
the iris (Fig. 147). This tissue, which is called the ligamentum pectinatum, 
fills up the angle between the iris and the corneo-sclera, so that this angle 
is rounded off in a sinus—the sinus of the anterior chamber. Histologically, 
the tissue of the ligamentum pectinatum is composed of superimposed, lam- 
inated lamelle, which start from the margin of Descemet’s membrane and 
run backward to a spot at which the most posterior of them serveasa point 
of attachment for a portion of the longitudinal fibers of the ciliary muscle. 
These lamellz consist of trabecule inclosing rounded alveoli (Fig. 148) so as 
to form, when superimposed, a spongy tissue (Fig. 147). Directly to the 
outer side of them, just at the boundary between the cornea and sclera, is 
observed an open space, representing Schlemm’s canal (sinus venosus sclerz), 
whose inner (posterior) wall is thus formed by the ligamentum pectinatum. 


The region of the angle (or sinus) of the anterior chamber demands particular con- 
sideration, both because of its complicated anatomical relations and also because of its 
importance with regard to the metabolic processes and the diseases of the eye. This 
region was studied in the eyes of animals before it was in human eyes, and hence names 
were selected at that time which are still in vogue, although they are not appropriate 
for the human eye. Thus Hueck introduced the name ligamentum pectinatum, because 
he found in the eyes of the ungulata that, upon stripping the iris from the sclera, the 
tissue that unites these parts projects in a series of ridges resembling the teeth of a 
comb. The triangular space between the sclera and the root of the iris which is filled 
by the ligamentum pectinatum is also called Fontana’s space, because Fontana was 
the first to describe the rather large cavities which are found in many animals between 
the lamelle of the ligamentum pectinatum. 

The ligamentum pectinatum is covered by the endothelial layer which passes over 
it from the posterior surface of Descemet’s membrane to the anterior surface of the iris. 
Through the gaps in the lamellx of the ligamentum pectinatum the endothelium passes 
from the surface of the ligament into the deeper parts of it, and supplies all the lamelle 
and trabeculz of this spongy tissue with an endothelial lining (Fig. 148). 

The ligamentum pectinatum has two divisions that we can distinguish. The 
anterior is the one which runs from the edge of Descemet’s membrane to the scleral 
spur (scleral portion or trabeculum selero-corneale). The posterior division consists 
of those lamelle which pass over into the delicate tissue of the sinus of the chamber 
and the root of the iris (uveal portion or trabeculum selero-ciliare). 

By stripping off the uvea, together with the ligamentum pectinatum, from the 
corneo-sclera, an opening is made into Schlemm’s canal, the inner wall of which is formed 
by the ligamentum pectinatum. It is then visible as an open groove running along 
the boundary between the cornea and sclera—scleral groove. 

The anterior surface of the ciliary body belongs in part to the region of the anterior 
chamber, and in this portion of its extent is covered partly by the most posterior lamella 
of the ligamentum pectinatum, partly by the delicate tissue of the root of the iris (Fig. 
147). Hence inflammatory products, and especially pus, may pass from the ciliary 
body directly into the anterior chamber, traversing the tissue of the ligamentum pec- 
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tinatum as they do so. New growths also sometimes take this path, starting from the 


ciliary body and growing forward ji . : 2 : 
(Fig. 192). y growing forward into the anterior chamber in the region of its sinus 


ce Aqueous Chamber.—The iris and ciliary body take part in the 
formation of the two chambers of the eye. The anterior chamber is bounded 
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r Fic. 147.—Sinvus or THE ANTERIOR CHAMBER. Magnified 83 X 1. 

H, the most posterior layers of the cornea; S, those of the sclera. The boundary between the two 
is marked by the elongated lumen of Schlemm’s canal. On the posterior surface of the cornea can be 
seen Descemet’s membrane, d, with its endothelium. It ends in a thinned-out edge and just before it 
comes to a stop the lamell# of the cornea which lie directly in front of it can be seen to become fibrillated 
and to merge into the anterior lamelle# of the ligamentum pectinatum. The ligamentum pectinatum 
forms the posterior wall of Schlermm’s canal and apparently consists solely of short fragments of fibers. 
For the lamell# of the ligament which have been cut transversely by the section appear under the form 
of fibers which must show an interruption at all spots where the section happens to enter gaps between 
the lamelle (Fig. 148). At the posterior end of Schlemm’s canal is seen a bundle of circularly directed 
scleral fibers (represented of lighter tint in the drawing), which are divided transversely by the section, 
and jut out obliquely toward the sinus of the chamber (scleral spur). ‘To the anterior surface of this 
spur are attached the anterior lamell# of the ligamentum pectinatum, while its posterior surface serves 
as a point of attachment for the longitudinal bundles, /, of the ciliary muscle. The posterior lamellae of 
the ligamentum pectinatum merge directly, without any interposition of scleral tissue, either into the 
longitudinal or into the radiating fibers (r) of the ciliary muscle; the most posterior (innermost) lamelle 
of the ligamentum pectinatum curve backwards and are lost in the delicate tissue of the root of the 
iris. On the posterior surface of the iris, J, is seen the posterior limiting membrane, h, whose fibers 
can be followed into the root of the iris. Behind the limiting membrane lies the retinal pigment layer, 
p. c, circular fibers of the ciliary muscle; in front of them is the cross section of the circulus arteriosus 


iridis major, which here is very small. 


in front by the cornea, behind by the iris and in the region of the pupil by 
the anterior capsule of the lens, and at its margin by the tissue of the liga- 
mentum pectinatum, beneath which lie Schlemm’s canal and the anterior 
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border of the ciliary body. Even under normal conditions the depth of the 
anterior chamber is variable. It is greatest in the eyes of the young, and 
diminishes with advancing age. Myopic eyes have a deep anterior chamber, 
hyperopic eyes a shallow one. Even in the same eye the depth of the ante- 
rior chamber varies, as it becomes shallower during the accommodative act 
from the protrusion of the anterior surface of the lens. The posterior chamber 
is produced by the fact that the iris isnot in contact with the capsule of thelens 
by its whole posterior surface, but only byitspupillarymargin. Thusanopen 
space is left between the iris and the lens, which increases in depth from the 
pupillary to the ciliary margin of the iris, and hence in cross section has a 
triangular shape. This space, the posterior chamber of the eye, is bounded 


Fie. 148.—Licamentum Prectinatum (SurFaAcr View). Magnified 700 X 1. 


_ ,Trabecule, which show a delicately fibrillar structure, inclose alveoli, the larger of which are 
elliptical, and directed so that their long axis lies parallel to the margin of the cornea. Upon the walls 
of these alveoli lie cells (endothelial cells) provided with nucleus and large protoplasmic cell body; 
small alveoli are sometimes entirely filled by such cells, ; 


in front by the iris and to the outer side by the ciliary body, while its inner 
and posterior wall is formed by the lens (Z, Fig. 142) and the zonule of Zinn 
(21, Fig. 142), the latter bridging over the interspace between the lens and 
the ciliary body. The two chambers communicate only by means of the 


pupil. 


It was a good while before people got a correct idea of the anatomical relations 
existing in the region of the anterior and posterior chamber, and even at the present 
time we very frequently find drawings which represent these relations incorrectly. 
The existence of the posterior chamber was for a long time contested, it being supposed 
that the iris came into contact with the lens by its whole posterior surface. If this were 
the case, the anterior chamber would present quite a different shape, since it would 
have to be much deeper at its periphery than it is. This state of things is actually 
observed in those pathological cases in which the iris is adherent throughout by means 
of an exudate to the capsule of the lens. ‘The iris is then found to be retracted at its 
periphery much more than usual (see Fig. 173). 
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(c) Chorioid 

310. The chorioid® is that part of the uvea which lines the posterior 
section of the eye from the ora serrata to the aperture for the optic nerve. 
If we observe it in situ, after opening the eyeball and removing the vitreous 
together with the retina, its inner surface appears smooth and uniformly 
brown. Then, if we try to strip it off from the sclera, we notice that at sev- 
eral spots it is attached more firmly than at others. The most intimate con- 
nection is at the margin of the aperture for the optic nerve; in addition, 
loose attachments exist in the places where vessels and nerves enter the 
chorioid from the sclera, and especially in the region of the posterior pole 
(region of the posterior ciliary arteries) and of the equator (ven vorticose). 
When, after tearing away these connections, we have separated the chorioid 
from the sclera, we get a view of the outer surface of the chorioid, which has 
a shaggy appearance on account of the shreds of membrane adhering to it. 


Fic. 149—Cross Section THroucH THE CHoRIOID. Magnified’175 xX 1. ; 
The chorioid consists of the suprachorioid, s, the layer of large vessels, H, the layer of medium- 


, . - es i amina vitrea, G. In the layer of large vessels are 
‘ pane the chorio-capillaris, R, and the lam zp er ees Sane 
Barshai 4 nee V, and pigment cells, p. The inner surface of the chorioid is covered 


by the pigment epithelium, P, its outer surface by the sclera, sc. 
311. Microscopical Anatomy.—The chorioid consists of five layers 
which succeed one another in the following order, proceeding from without 


inward: . 
1. The suprachorioid (s, Fig. 149) consists of numerous minute non-vas- 


cular but richly pigmented lamelle lying between the chorioid proper and 

the sclera (sc). Upon stripping these latter apart these lamelle are torn in 

two, and are left hanging partly upon the inner surface of the sclera, partly 

ion the outer surface of the chorioid, which thus acquires the rough, 
aspect above mentioned. é ‘ eS 

ae : like the xépcor(= Lat., corium). This latter word signifies ‘‘skin,”’ 


. tab ) of the embryo in utero; and, in fact, it 
> envelope (chorion s . z 2 4 
ie its eas ace supply of vessels. This word is also errone- 


5 From xoptoevdys—i. e., 
and not merely the epidermis, but also 
is the latter that the chorioid resembles, 
ously written choroid or choroid. 


376 TEXT-BOOK OF OPHTHALMOLOGY 


‘ 


2. The layer of large vessels (Haller) (H, Figs. 149 and 150). These are 
chiefly veins, which are placed very close to each other and anastomose 
repeatedly. The intervals between the vessels (intervascular spaces) are 
richly supplied with pigment cells (p), and are hence of a brown color. This 
layer, accordingly, gives the same appearance upon a surface view as if we 
were looking at a plexus of bright lines (the vessels) upon a dark ground 
(Fig. 144). This is a picture which we often have the opportunity of seeing 
with the ophthalmoscope in the living eye (tessellated fundus, see Fig. 26). 
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Fia. 150.—DissecTion or THE CHORTOID MADE PARALLEL WITH THE SURFACE. Magnified OT aS 

The suprachorioid has everywhere been stripped off and the pigment epithelium has been re- 
moved by penciling. Furthermore in the area marked R, the layer of large vessels was removed s0 
that here the chorio-capillaris lies exposed. At H where the layer of large vessels is still present, the 
large veins, V Vi, which run approximately parallel to one another, appear like light-colored passage- 
ways, because the intervascular spaces are colored dark-brown by the presence of numerous stellate 
pigment cells. Some veins appear to have a blind ending, because at the point where they dip down 
into the opaque tissue they get out of view. The vein, V1, bends on itself, enters the layer of medium- 
sized vessels, and here receives branches from the chorio-eapillaris. This bent portion of the vein and 
also the capillaries are filled full of red blood corpuscles, while the large veins contain but few corpuscles. 
As a result of this natural injection the chorio-capillaris stands out with special distinctness. The 
distension with blood, however, is not everywhere alike, and for this reason the capillaries in the upper 
part of the drawing appear thinner and separated by wider intervals than in the lower part. So, too, 
the blind ending of some capillaries in the drawing is only apparent, being due to the fact that in this 
spot short segments of the capillaries are bloodless and hence invisible. The veins on their entrance 
into the chorio-capillaris at once divide into a number of capillaries and thus small vortices are pro- 
duced. These are seen in the continuation of the vein V1 and also at W W; at the latter spot their 
continuation into a small vein cannot be seen because the latter was torn off when Haller’s layer was 
removed.. At G when Haller’s layer was removed the chorio-capillaris also went with it, so that here 
the lamina vitrea alone is present; in making the preparation the latter was somewhat folded 


3. The layer of medium-sized vessels (Sattler) (Fig. 149, S), which is 
very thin and but slightly pigmented. 

4. The layer of capillaries (chorio-capillaris, or membrana Ruyschii— 
although it was not discovered by Ruysch—R, Figs. 149 and 150). This 
consists almost exclusively of capillaries which have a very wide bore, and 
at the same time are so closely packed together that the interspaces between 


‘ 
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the capillaries are often narrower than the capillaries themselves. This 
layer contains no pigment. 


5. The lamina vitrea (or lamina basalis G, Figs. 149 and 150), a homo- 
geneous membrane coating the inner surface of the chorioid. 

The chorioid is continuous with the flat part of the ciliary body (orbiculus ciliaris, 
pars plana), which possesses essentially the same structure as the chorioid, and is dis- 
tinguished from it only byasomewhat different arrangement of the blood-vessels, and also 
by the absence of the chorio-capillaris, which endsat the oraserrata. The difference in color 
between the brown chorioid and the black orbiculus (Fig. 144), so striking to the naked 
eye, is not referable to a difference in the pigmentation of these parts of the uvea, 
but to a difference in the pigment epithelium which covers them and which be- 
longs to the retina. 

312. We may briefly summarize the structure of the chorioid as follows: 
The chorioid consists mainly of vessels which are arranged according to 
their caliber in three superimposed layers, in such a way that the largest 
vessels lie farthest to the outside, the smallest vessels farthest to the 
inside. The purpose of this arrangement is easily comprehended, since the 


Fie. 151. Fie. 152. 
Fia. 151.—CHROMATOPHORES OF THE CHorro1D. Magnified 400 X 1. They are branched, anasto- 
mosing, connective-tissue cells, with numerous pigment granules and an unpigmented nucleus. 
Fic. 152.—PicMENTED EPITHELIAL CELLS OF THE Retina. Magnified 500X 1. They are hex- 
agonal epithelial cells, with pigment granules and an unpigmented nucleus. 


chorioid is in great part designed for the nourishment of the retina which 
lies to the inner side of it. Hence the minutest vessels, the capillaries, from 
which the nutrient plasma of the blood exudes, must lie upon the inner sur- 
face of the chorioid. The vascular part of the chorioid is covered on either 
side by a non-vascular layer—i. e., on the outside by the suprachorioid, on 
the inside by the lamina vitrea. All the layers of the chorioid, with the 
exception of the two innermost ones—the capillary layer and the lamina 
vitrea—contain pigment enclosed in branched pigment cells (chromato- 
phores, Fig. 151). To its abundant supply of pigment the chorioid owes its 
dark-brown color. The inner surface of the chorioid is covered by the pig- 
ment epithelium (P, Fig. 149) which lies upon the lamina vitrea. This, too, 
was formerly reckoned in with the chorioid, because it remains attached to 
it after the retina has been stripped off; embryological researches, however, 
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have shown that it really belongs to the retina. It consists of regular hex- 
agonal cells, each of which has an unpigmented nucleus, while the proto- 
plasm contains an abundance of pigment granules (Fig. 152). From this 
the entire layer acquires a dark-brown color. 

All the pigment that is contained in such abundance in the interior of the eye 
belongs to two categories: 1. In the tissue of the uvea itself there are everywhere 
found branched cells (according to Miinch, muscle cells) which contain pigment gran- 
ules (Fig. 151). These are the chromatophores (pigment cells of the stroma), and the 
pigment contained in them is called stroma pigment, or, because it lies in the uvea itself, 
uveal pigment. 2. The inner surface of the uvea is everywhere coated with a layer of 
pigmented cells belonging to the retina and having the character of epithelial cells (pig- 
ment epithelium, Fig. 152). This pigment, which hence lies not in the uvea but to the 
inner side of it, is called the retinal pigment. 

These two kinds of pigment are further distinguished by their minute structure. 
The pigment of the chromatophores consists of small amorphous masses; but the pig- 
ment granules in the cells of the pigment epithelium are short, rod-shaped structures, 
which should probably be regarded as small crystals, such as occur, very distinctly 
marked, in some of the lower vertebrates. 

The pigmentiferous cells, including both of the chromatophores and the cells of 
the pigment epithelium, are similar in all eyes but the amount of pigment which they 
contain varies greatly. To this fact is due the inequality in the pigmentation of eyes; 
af the cells contain no pigment whatever the eye is albinotic. 

313. The uvea in all of its parts is very rich in nerves. The ciliary 
nerves get to the uvea by piercing the sclera near its posterior pole. They 
form in the chorioid, and particularly in the ciliary muscle, a dense plexus, 
in which numerous ganglion cells are intercalated. This iris is also very rich 
in nerves, but contains no ganglion cells. The iris and the ciliary body con- 
tain, in addition to the motor nerves designed for the ciliary muscle and the 
muscular apparatus of the iris, a very great number of sensory nerve fibers 
which arise from the trigeminus; hence, inflammation of these parts is fre- 
quently attended with great pain. The chorioid, on the contrary, seems to 
possess no sensory nerves, since inflammation of this membrane runs its 
course without producing any sensations of pain. 


(d) Blood-vessels of the Uvea 

314. Three systems of blood-vessels exist in the eye—that of the con- 
junctiva, that of the retina, and that of the uvea (ciliary system of vessels). 
The arteries of the ciliary system are: 1. The posterior ciliary arteries. 
These arise from the ophthalmic artery, and enter the interior of the eye 
through the sclera in the region of the posterior pole. The majority of them 
pass at once into the chorioid (short posterior ciliary arteries, c, c, Fig. 153 
and Ab, Fig. 154). Two of them, however (the long posterior ciliary arte- 
ries, d, Fig. 153, Al, Fig. 154), run, one on the outer side, the other on 
the inner side, between chorioid and sclera as far forward as the ciliary 
muscle. Here each divides into two branches, which run in a direction con- 
centric with the margin of the cornea, and unite with the branches of the 
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artery of the opposite side to form an arterial circle, the circulus arteriosus 
inidis major (Fig. 153, h, Fig. 154, Cima, and Fig. 142, a). This gives off the 
arteries for the iris, which extend radially from its ciliary to its pupillary mar- 


Fic, 153.—Bxioop-vesse.s or THE Fyn (Scummaric). (After Leber.) 


The retinal system of vessels is derived from the central artery, a, and the central vein, ai, of the 
optic nerve, which give off the retinal arteries, b, and the retinal veins, b1. These end at the ora ser- 
rata, Or. ; 4 ' : 
The system of ciliary vessels is fed by the short posterior ciliary arteries, c, c, the long posterior 
ciliary arteries, d, and the anterior ciliary arteries, ¢. From these arise the vascular network of the 
chorioidal capillaries, f, and of the ciliary body, 9, and the cireulus arteriosus iridis major, h. 
this last spring the arteries of the iris, 7, which at the lesser {inner} circumference of the latter form 
the circulus arteriosus iridis minor, k. The veins of the iris, 71, of the ciliary body, and of the chorioid 
are collected into the vasa vorticosa, 1; some veins (m), however, that come from the ciliary muscle 
leave the eye as anterior ciliary veins, e1. With the latter Schlemm’s canal, n, forms anastomoses. 

The system of conjunctival vessels consists of the posterior conjunctival vessels, o and 01. | ¢ 
communicate with those branches of the anterior ciliary vessels which run to meet them; that is, with 
the anterior conjunctival vessels, p, 2nd form with these the inarginal loops of the cornea, g. O, optic 
nerve; S, its sheath; Sc, sclera; A, chorioid; N, retina, L, lens; H, cornea; #, internal rectus; B, con- 
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gin (Fig. 153, 7). Shortly before they reach the latter they form by anasto- 
moses a second, smaller vascular circle, the circulus arteriosus iridis minor 
or the small circle of the iris (Fig. 153, k, Fig. 154, Cimi). 2. The anterior 
ciliary arteries come from in front, arising from the arteries of the four recti 
muscles (Fig. 153, e, Fig. 154, Aa). They perforate the sclera near the mar- 
gin of the cornea and help to form the circulus arteriosus iridis major. The 


Fig. 154.—Buoop-vesseits oF THE Uvsa (Criuiary System). (Scaematice.)~ (After Leber.) 

In the region surrounding the optic nerve, o, the short posterior ciliary arteries, Ab, enter the 
chorioid, Ch, and end in the anterior segment of the latter. In the horizontal meridian of the eye the 
long posterior ciliary artery, Al, runs to the orbiculus ciliaris, Oc, and here divides dichotomously to 
form the circulus arteriosus iridis major, Cima. Branches of the anterior ciliary arteries, Aa, also take 

art in forming the circulus major, while other branches run backwards into the chorioid to meet the 

ranches of the short posterior ciliary arteries. The circulus arteriosus iridis major gives off the radi- 
ating arteries of the iris, J, and these near the pupillary border of the iris form the circulus arteriosus 
iridis minor, Cimi. On the right side of the drawing the ciliary muscle is supposed to be detached, so 
that the abundant vascular network of the ciliary processes, Pe, comes into view. From the latter, 
numerous veins, t, run within the orbiculus ciliaris, at first parallel with each other, afterward converg- 
ing, Nor ag to the ven vorticose, Vr, to which also pass the veins from the posterior segment of the 
chorioid. 


short posterior ciliary arteries are therefore designed mainly for the chorioid, 
the long posterior ciliary arteries and the anterior ciliary arteries for the 
ciliary body and the iris. Some recurrent branches of the latter, however, 
also supply a portion of the anterior segment of the chorioid. 

315. The arrangement of the veins is essentially different from that of 
the arteries. In the chorioid the capillary network of the chorio-capillaris 
(Fig. 153, f) is fed by the arteries directly. The blood from this flows off 
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through a very great number of veins that keep uniting to form larger 
trunks. A number of these trunks simultaneously converge to a common 
center, where, consequently, a sort of whorl or vortex (F ig. 154, Vv) is pro- 
duced by veins coming together from all sides. These vortices, the number 
of which amounts to four at least, usually more, lie somewhat behind the 
equator of the eye; from them are given off the ven vorticosee, which, per- 
forating the sclera in a very oblique direction, carry off the blood to the out- 
side (Fig. 153, J). 

In the ciliary processes the arteries break. up into a great number of 
twigs, which pass over into thin-walled veins (g, Fig. 153). These constitute, 
the greater part of the ciliary processes, which, accordingly, consist mainly 
of vessels. The larger veins (Fig. 154, Vv) which are formed by the union 
of these vessels, and also most of the veins of the ciliary muscle, pass back- 
ward to the vene vorticose. The veins that run back from the iris (¢;, Fig. 
153) likewise pass to the vene vorticosee. Hence almost all the venous blood 
of the uvea empties into the latter. A portion of the veins coming from the 
ciliary muscle (m, Fig. 153), however, take another course, as they pass out 
directly through the sclera and thus come into view beneath the conjunc- 
tiva, near the margin of the cornea (anterior ciliary veins, Fig. 153,e,). In 
their course these correspond to the anterior ciliary arteries, but have a much 
smaller area of ramification; it is they that principally constitute the violet 
vessels which we see running backward beneath the conjunctiva (see Fig. 
68) in ciliary injection or in stasis within the eyeball (glaucoma). The ante- 
rior ciliary veins anastomose with the conjunctival veins and also with 
Schlemm’s canal. The latter is a venous ring (sinus) running along the 
sclera-corneal junction (Fig. 147: Fig. 153,n). 

The blood-vessels of the eye belong for the most 
part to the region of the uvea. It is this fact which 
determines the part played by the latter; for, while 
the firm corneo-sclera serves for the protection of the 
eye exteriorly and the retina for the perception of 
light, to the uvea is allotted the task of providing for 
the nourishment of the eyeball. Such is the abun- 
dance of blood-vessels which it contains that it really 
consists mainly of them; and by this fact its great 


tendency to become inflamed is accounted for. 
The separate branches of the ciliary system of 


vessels anastomose repeatedly with each other—a cir- ; a 
i ati IT? i From the outer and lower margin 
cumstance which favors the compensation of circula ote he een Ones 


tory disturbances. Thus, for instance, in glaucoma, in (a), een ee er Deena nee 
eq, case it 1s larger tha. § eCAUSe 
which the outflow of venous blood through the ven is destined to replace the main a 
5 he F “ ior ciliary veins external branch (inferior tempora 
vorticose 1s impeded, we see the anterior ciliary branch) of the central artery, which 


taking their place and carrying off larger quantities of branch is wanting. 


blood than usual. ; 4.4 . 
The ciliary vessels likewise supply the sclera with blood, giving off a few minute 


twigs to it as they pass through it. The pumber of blood-vessels in the sclera, how- 


Fra. 155.—Civio-reviInAL ARTERY. 
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ever, is very small. Nevertheless, in the immediate neighborhood of the entrance of 
the optic nerve, from two to four branches of the short posterior ciliary arteries enter 
the sclera and form in it, by anastomoses, an arterial ring, Zinn’s scleral circle of vessels 
(Fig. 24), surrounding the foramen for the optic nerve. This is of importance for the 
nutrition of the optic nerve, because numerous little branches go from it to the optic 
nerve and its sheaths, and anastomose with the branches of the central artery of the 
nerve. It is here, then, that the only connection between the ciliary and the retinal 


system of vessels exists. 
It not infrequently happens that individual branches arising from the scleral 


circle of Zinn, instead of remaining in the optic nerve, make a bend and leave the nerve. 
They then enter the retina and run in it toward the macula lutea. These vessels, which 
are called cilio-retinal, ordinarily supply with blood a small district of the retina lymg 


between the papilla and macula (Fig. 155). 
By optico-ciliary veins we mean veins that branch off from the central vein of the 


optic nerve or from one of its ramifications, and pass over the head of the optic nerve 
into the chorioid (Elschnig). 


1O(5 Abisast J2qapnias: 


316. The zris forms a diaphragm which, as in the case of many optical 
instruments, is interposed between the refracting portions of the eye. It 
has a double task to perform: it prevents an excessive amount of light from 
entering the eye and so dazzling it and injuring the retina, and it cuts off the 
marginal rays. These are the rays that pass through the periphery of the 
cornea and of the lens, and which, being less regularly refracted, would, 
unless arrested, impair the sharpness of the retinal image. In order to be 
perfectly impermeable to light, the iris has a pigment layer on its posterior 
surface. The iris has the advantage over the artificial diaphragms of optical 
instruments in that its size changes spontaneously to suit the circumstances 
of the case. For this purpose there exist contracting fibers (sphincter 
pupille) and dilating fibers (dilatator pupille). 

The contraction of the pupil is governed by the oculo-motor nerve, 
which supplies the sphincter pupillee (and also the ciliary muscle) through 
the ciliary ganglion and the ciliary nerves. By stimulation of the oculo- 
motor nerve, contraction of the pupil is produced; by its section or paraly- 
sis, dilatation of the pupil. 

Dilatation of the pupil is dependent upon the sympathetic, which 
derives the fibers destined for the pupil from the cilio-spinal center of the cer- 
vical spinal cord. Irritation of this center or of the cervical sympathetic 
produces dilatation, and paralysis of it contraction of the pupil. 

Lastly, the vessels of the iris are of moment in determining the width 
of the pupil, since by their distention the iris is widened and the pupil con- 
sequently contracted, and vice versa. 


The width of the pupil may be affected by purely mechanical factors. This is the 
case, for instance, with the contraction of the pupil that regularly occurs when the 
aqueous escapes. This contraction is of practical importance in the performance of 
many operations. When, for instance, we perform discission of cataract through the 
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cornea, we take care not to let the aqueous escape, since the consequent contraction 
of the pupil would expose the iris to greater pressure from the swelling lens. That this 
contraction owes its origin to purely mechanical causes, is deduced from the fact that 
it occurs even in the eye of a dead man when the aqueous is let out. 

Dilatation of the pupil manifests itself by a sense of dazzling. Sometimes patients 
also allege that objects appear smaller (micropsia). This phenomenon, however, does 
not depend on the dilatation of the pupil, but on the paralysis of accommodation, which 
is generally present at the same time, and is therefore also observed when the latter 
alone is present. (For its explanation, see Paralysis of Accommodation, § 797.) 

In contraction of the pupil, sometimes—i.e., if spasm of accommodation is at the 
same time present—objects appear larger (macropsia). Moreover, obscuration of vision 
is often complained of, because less light enters the eye through the contracted pupil. 
In very marked miosis, whether occurring after the employment of miotics or appearing 
spontaneously (e.g., as the result of tabes), the pupil is frequently found to be irregular 
and slightly angular, although no synechiz are present. 


317. Reflex Reaction. Light Reaction.—The reaction of the pupil takes 
place involuntarily and unconsciously. It is either reflex, in which case the 
stimulus is transmitted from centripetal nerve channels to the nerves of the 
iris, or it is associated, in which case the pupillary fibers of the oculo-motor 
nerve are set into action simultaneously with other fibers of the samenerve. 

The reflex action of the pupil is set in action— 

(1) By light. This produces contraction of the pupil, while conversely, 
as the illumination diminishes, the pupil dilates. The reflex arc in this case 
passes through the optic nerve to the anterior corpus quadrigeminum, thence 
to the nucleus of the oculo-motor nerve, and then along this nerve to the eye. 
The reaction for light always affects both eyes—i. e., if the light falls into 
one eye alone, the pupil of the other eye also always contracts (consensual 


_reaction). The reaction takes place in both eyes in exactly the same way— 


that is, appears at the same time and reaches the same pitch. The reaction 
of the pupil to light is exceedingly sensitive, and is empluyed with great 
advantage to determine objectively whether an eye has any sensation of 
light or not (particularly in children, malingerers, etc.). [For the method 


of determining the light reaction, see page 81.] 


If in a darkened room we place a source of light to one side of the eye and make 
the person upon whom we are experimenting look straight ahead into the darkness, his 
pupil is dilated. If then we direct the person to concentrate his attention on the light 
without looking at it, that is while maintaining a straightforward gaze, the pupil con- 
tracts (cortical reflex of Haab). 

The reaction of the pupil to light is a very valuable sign of the presence of perception 
of light: in the first place, because it is exceedingly sensitive; and, secondly, because it 
demonstrates the existence of perception of light independently of the statements of 
the patient. Its usefulness is still further enhanced by its disclosing in the Sees of 
both eyes (through the consensual reaction) the perception ee light by one eye. ow 
is this consensual reaction effected? From the retina of eacn eye the pupillary fibers, 
like the fibers subserving vision, pass through the optic nerve into the chiasm. Bae: 
like the visual fibers, they undergo semidecussation. Hence, from the retina of the 


384 TEXT-BOOK OF OPHTHALMOLOGY 


right eye (R, Fig. 156), fibers pass through the chiasm partly into the right, partly into 
the left, optic tract (Fig. 156, 7 and 7). From these the stimulus is transmitted directly 


_- Pupil 
—. Accommodation 
-+ Convergence 


Fie, 156.—Scuematic REPRESENTATION OF THE Optic PATHWAY. 


The field of vision common to the two eyes is composed of a right half, G, and a left half, Gi. The 
former corresponds to the left halves, / and i, of the two retinm, the latter to the right halves, r and 
m1. The dividing line between the two halves of the retina is formed by the vertical meridian. This 
passes through the fovea centralis, f, in which the visual line (V) drawn from the point of fixation, 
F, impinges upon the retina. The optic-nerve fibers arising from the right halves, r and ri, of the 
two retin (indicated by the dotted line) all pass into the right optic tract, 7, while the fibers belong- 
ing to the left halves, / and /1, of the two retin pass into tract 71. The fibers of each optic tract for 
the most part pass to the cortex of the occipital lobe, B, forming Gratiolet’s optie radiation, S; the 
smaller portion of them, m, goes to the oculo-motor nucleus, K. This consists of a series of partial 
nuclei, the most anterior of which sends fibers, P, to the pupil (sphincter iridis); the next one sends 
fibers, A, to the muscle of accommodation; and the third sends fibers, C, to the converging muscle 
(internal rectus, 7). All three bundles of fibers run to the eye in the trunk of the oculo-motor nerve, 
Oc. Division of the optic tract at gg or at ee produces right hemiopia; and in the former case there 
would be no reaction to light on illuminating the left half of either retina. Division of the chiasm 
at ss produces temporal hemiopia. Division of the fibers, m, abolishes the reaction of the pupil to 


light, but leaves the sight and also the associated contraction of the pupil in accommodation and 
convergence unaffected, 
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to both right and left oculo-motor nuclei (K and K,); then each nucleus sets up a con- 
traction of the pupil on its own side. The consensual reaction, therefore, is really as 
direct as is the pupillary reaction of the illuminated eye itself. 

The result of the consensual reaction is that under normal conditions both pupils 
must be of equal diameter, even if only one of the eyes is exposed to the impact of 
light, or if the sensitiveness of the two eyes to light is different. Inequality of the pupil 
(anisocoria) is always pathological. [Yet according to a number of observers anisocoria 
may occur in those who are perfectly healthy or who at most suffer from a functional 
neurosis. In such cases it may be transient. In this non-pathological anisocoria, which 
is probably quite rare, the pupils are round, and the pupillary reactions are perfectly 
normal—a feature which distinguishes it from most cases of pathological anisocoria 
(Uhthoff).—D.] For the reasons given anisocoria can never take its origin from the 
centripetal fibers (optic-nerve fibers), but is always caused by a disturbance in the 
centrifugal channels (oculo-motor nerve and its center or its connections with the sym- 
pathetic) [or by purely mechanical causes, such as adhesions or rupture of the iris—D.]. 

(As a matter of fact when only one eye is illuminated, the pupil of this eye is some- 
what narrower than that of the eye which is not illuminated, perhaps because in addition 
to the reflex contraction on the illuminated side there is also a direct contraction due 
to the illumination of the iris tissue itself. In lower animals the pupil even in an excised 
iris contracts distinctly to light, and the same thing is true, though to a very slight 
extent, of the human iris also. However, the difference between the two pupils when 
unequally illuminated is so slight in man that it can be demonstrated only by precise 
methods of measurement, and in practice we may hold fast to the statement above 
made that any inequality of the pupils is to be regarded as pathological.) 

Contraction of the pupil to light is greatest when the light falls on the fovea cen- 
tralis; stimulation of peripheral portions of the retina by light is followed by but slight 
contraction of the pupil. The width of the pupil is not precisely proportional to the 
quantity of light that enters the eye, but is the same with light of the most varying 
degrees of intensity, so long as the intensity of the light remains uniform. When this 
intensity changes the pupil alters its diameter accordingly, but if the light is maintained 
at this new intensity the pupil gradually returns to its former diameter when the retina 
has become completely adapted to the new intensity. 

Even in cases in which the sight is very much reduced because a portion of the 
fibers conveying visual impressions have been destroyed by inflammation or compression 
of the optic nerve, the mean diameter of the pupil is often normal. We conclude from 
this that the fibers for the pupil are more resistant than the fibers conveying visual 
impressions (Schirmer). [See also page 386.] 


318. Relation of Reaction to Light Perception.—In testing the percep- 
tion of light by the reaction of the pupils, we must not lose sight of the 
fact that there are cases in which, although the perception of light is present, 
the reaction is absent; and, conversely, cases in which, with good reaction, 
there is yet no perception of light. 

(a) The cases in which the pupil does not react to light, although the perception of 
light is present, are frequent. They may have the following causes: (1) Changes in 
the iris itself, such as inflammatory swelling, adhesion, increase of tension, laceration 
in the sphincter, atrophy of the tissue, etc. (2) Disturbances in the motor portion 
of the reflex path, i.e., in the oculo-maotor nerve. Under this head belong paralysis 
of the oculo-motor terminals in the iris itself produced by mydriatics, and paralysis of 
the trunk of the oculo-motor nerve or of its nucleus of origin. In all the cases above 
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mentioned the synergic reaction with convergence and accommodation is impaired or 
quite abolished along with the light reaction (absolute [or total] iridoplegia). (3) Dis- 
turbance in that portion of the reflex path which lies between its centripetal limb (optic 
nerve) and its centrifugal limb (oculo-motor nerve) (Fig. 156, m). We then find that 
the reaction for accommodation and convergence is retained, while the reaction for 
light has disappeared (Argyll-Roberison pupil or reflex iridoplegia). This is very fre- 
quent in tabes and progressive paresis and is so rare in other nervous diseases that it 
furnishes an important diagnostic evidence that one of these two diseases is present 
or impending. In these cases it is often associated with a marked contraction of the 
pupil (so-called spinal miosis), but is also found at times with a normally wide pupil. 
In case the diagnosis is doubtful the state of the pupil is often of importance—absolute 
iridoplegia with dilated pupil being rather an evidence of cerebral lues, and reflex irido- 
plegia with contracted pupil an evidence of tabes or general paresis. 

(6) It also happens that the reaction of the pupil to light is present, without there 
being any perception of light. This occurs when the lesion is situated high up in the optic 
pathway. The fibers of the optic nerve ascend to the cerebral hemispheres and termin- 
ate in the cortex of the occipital lobe (B, Fig. 156). But, some time before this takes 
place, those fibers (m) of the reflex are which pass to the center for the pupillary move- 
ments branch off from the optic tract. If, then, the optic pathway is interrupted above 
the place where they are given eff (e.g., at e ¢), stimulation of the optic nerve fibers no 
longer reaches the cerebral cortex and hence excites no perception, and yet the pupillary 
reflex is still regularly produced. The same thing would happen if the cerebral cortex 
itself were through some lesion incapacitated for performing its functions. In these 
eases, however, the lesion of the optic pathway would have to be bilateral, as otherwise 
hemiopia and not blindness would be present (see § 545). For this reason it is clear 
why such cases, in which blindness exists, even though the examination of the eye gives 
negative results and the reaction of the pupil to light is preserved, are very rare (occur- 
ring, for example, in uremic amaurosis, see § 522), so that under these circumstances our 
first thought would be of simulation or of hysteria, and we would examine for these 
conditions first. [Cases, however, do occur, although very rarely indeed, in which the 
reaction of the pupil to light is retained although the eye is completely blind, and this 
may occur even when the blindness is evidently due to disease of the optic nerve itself 
(Wilbrand and Saenger). This can be explained only on the hypothesis above stated 
(page 385), that the fibers for the conduction of the light reflex are more resistant than 
those conveying visual impressions. I have seen one such ease. So, too, as Leber points 
out, in certain forms of complete blindness due to retinal degeneration a very slow 
reaction to light oceurs, the pupil dilating very gradually in the dark and contracting 
again very gradually on return to light. Such a reaction, again, is no proof of the pres- 
ence of light perception.—D.]} 


319. Sensory Reaction.—(2) Toward sensory sttmuli, no matter what 
part of the body they affect, the pupil reacts by dilating. Hence, in deep 
sleep, and also in profound narcosis, in which sensory stimuli no longer 
produce reflexes, the pupil is very much contracted, dilating, however, the 
moment that waking from the sleep or from narcosis occurs. Strong psychie 
stimuli—e. g., fright—in like fashion produce dilatation of the pupil. 

When sensory stimuli act intensely upon the eye itself the pupil contracts instead 
of dilating. The contraction here is due to the hyperemia of the iris produced by the 


stimulus (see page 396). [This is probably the explanation of the miosis that sometimes 
results from the application of dionin—D.] 


—_— 
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320. Associated Reaction:—The associated reaction of the pupil always 
consists of a contraction. It occurs in conjunction with convergence, i. e., in 
synergy with the contraction of the internal recti. Since under physio- 
logical conditions every act of accommodation is accompanied by a corre- 
sponding convergence, and the contraction of the pupil keeps pace with it, 
too, we have here as a regular thing a uniform consentaneous action of the 
sphincter pupillz, the ciliary muscle, and the internal rectus. These muscles 
are all supplied by the oculo-motor nerve, so that their associated action 
depends upon a simultaneous excitation of the portion of this nerve that 
supplies them. [For the method of determining the associated reaction, 
see page 81.] 

Ifa man is told to close the eye tight, but at the same time by holding the lid apart 
prevents it from closing, we see the pupil contract. This phenomenon comes out most 
plainly with pupils which otherwise are rigid—lid reaction of the pupil (Von Graefe). 

321. Since the pupil reacts to stimuli of so many kinds and varying so 
greatly in degree, it is in a state of constant motion. But in every case the 
pupils of the two eyes are equally large. Inequality of the pupils is always 
pathological. [See, however, page 385.] The mean width of the pupil 
differs with the individual and also alters with the age. Very greatly con- 
tracted in new-born infants, the pupil soon becomes more dilated, and then 
becomes smaller again in manhood, and still more in old age. In old people, 
also, the reaction of the pupil becomes sluggish, in consequence of the un- 
yielding character of the tissue of the iris, and especially of the sphincter 
(rigidity of the sphincter). [For the method of determining the width of 
the pupil, see page 80.] 

322. Reaction of the Pupil and Ciliary Body to Poisons.—There are 
poisons which act to stimulate the terminals of the autonomous nervous 
system in general, i. e., in the eye stimulate the terminals of the oculo- 
motor nerve in the iris and ciliary body, and there are other poisons which 
act in an antagonistic way upon the same nerves, i. e., paralyze them. The 
poisons of the muscarine group (including besides muscarine, eserine and 
pilocarpine) stimulate, and atropine and its congeners paralyze the interior 
muscles of the eye. The first named, therefore, cause contraction of the 
pupil or miosis® and are hence called miotics, the second cause dilatation of 
the pupil or mydriasis and are called mydriatics. In the iris, however, there 
is also a dilatator which is supplied by the sympathetic and by whose contrac- 
tion mydriasis is likewise produced. Hence to the mydriatics in the wider 
sense of the term belong also those poisons which stimulate the terminals of 
the sympathetic nerve, namely, cocaine and adrenaline. The physiological 
action of these poisons upon the eye will be considered here; their thera- 
peutic application will be found on pages 60 et seq. 

6 From peiwots, contraction; hence miosis, and not bes PE aie ange een retan BA 
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323. (1) Atropine paralyzes the nerve terminals in the sphincter and 
the ciliary muscle, and hence is followed by dilatation [and immobility] of 
the pupil and also by an inability to accommodate. The dilatation of the 
pupil is a very considerable one. If, in the case of a dilatation of the pupil 
caused by oculo-motor paralysis, atropine is instilled, the pupil becomes 
still more dilated, because the atropine abolishes the tone of the muscular 
fibers of the sphincter. The effect of the atropine makes its appearance in 
from ten to fifteen minutes after the instillation, and soon reaches its maxi- 
mum. Commencing with the third day it begins to decrease again, but does 
not disappear completely until after the lapse of a week [or longer]. Quite 
as long lasts the disturbance of sight which is caused by the dilatation of 
the pupil, but mainly by the paralysis of the accommodation, and hence 
makes itself apparent most of all in near vision (causing inability to read). 


{In infants atropine, even in poisonous doses, often exerts very little effect on the 
pupil. In others the width of the atropinized pupil averages 7.5 mm., but varies from 
6 to 9 mm., the least dilatation being found in those over 40 years of age.—D.] 

Atropine is such an efficient mydriatic that the millionth part of a gramme suffices 
to dilate the pupil. If we instil atropine into another person’s eye, and in so doing wet 
our finger, and then through carelessness touch our own eye with it, this is enough to 
produce dilatation of our own pupil. 

[The instillation of atropine and still more its application in substance (see page 60) 
sometimes cause symptoms of poisoning.| These consist in a troublesome feeling of 
dryness in the throat, nausea, reddening of the face, and an acceleration of the pulse; 
also excitement and tremor, or, in case of severe poisoning, loss of consciousness. In 
marked poisoning the pupil of the other eye that has not been treated with atropine 
is dilated, too. General poisoning may also, of course, take place through the internal 
use of atropine or remedies containing it (belladonna). Patients who take such prep- 
arations internally—these being commonly patients with lung disease, who have got 
them in order to relieve cough or night-sweats—often complain that they are dazzled 
and do not see well for work at near points. We then find moderate dilatation of the 
pupil and reduction of the accommodation. 

Some persons show an intolerance of atropine. This makes itself apparent in vari- 
ous ways: (a) By the appearance of symptoms of poisoning, like dryness of the throat 
and nausea, even with small doses. This occurs particularly after long-continued use 
of atropine. (b) By exciting a catarrh (atropine catarrh) which is generally marked 
by the formation of numerous follicles. For this also a prolonged use of atropine is 
usually requisite. (c) In some persons a single drop of atropine produces great redness 
and swelling of the lids, like an attack of erysipelas. 


324, Other mydriatics are hyoscyamine and [the isomeric] scopolamine, 
homatropine, cuphthalmine, and eumydrine. 


Scopolamine is more active than atropine, a 14- or 44-per-cent solution of the 
former producing as much effect as a 1-per-cent solution of the latter. It is also more 
poisonous. [In 1é¢-per-cent solution it produces satisfactory relaxation of the accom- 
modation for refraction work, its effect on the pupil and vision then lasting four days 
(Marlow).—D. | 

[Homatropine in 1-per-cent solution causes a dilatation of the pupil lasting several 
hours and a more or less incomplete paralysis of the ciliary muscle. As employed in 
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refraction work, i.e., in 2-per-cent solution repeatedly instilled, it produces, according 
to my observations, an effect on the pupil and ciliary muscle equal to that of atropine, 
but lasting about one-third as long. The dilatation of the pupil usually just equals 
that produced by atropine in the same subject. The pupil is 5 to 9 (usually 7 to 8) 
mm. wide, and is generally widest in persons of 15 to25andnarrowestinthoseover45. The 
mydriasis begins in 10 to 15 minutes, and reaches its maximum in 30 to 50 minutes. 
The light reaction disappears usually in 25 to 30 minutes, sometimes not till much later, 
andmay not disappear atall. Themydriasisgenerally lasts at least 48 and often72hours. 
Indeed, accurate measurements of the accommodation show that the latter may be 
affected even four or five days after the instillation. On a pupil thus dilated pilocarpine 
has little if any effect, and although eserine can contract the pupil and produce spasm 
of accommodation, this effect soon passes away and the cycloplegia and mydriasis 
return. The effect of homatropine on the pupil bears no constant relation to its effect 
on the ciliary muscle. A good deal of accommodation may be left when the pupil is 
' wide and the light reaction abolished; and the accommodation may be almost gone 
when the pupil is quite small.—D.] 

: |Euphthalmine in 2-per-cent solution produces a comparatively transient dilata- 
| tion of the pupil, which can be abrogated by 1-per-cent pilocarpine. A 5-per-cent 
solution produces a much more lasting effect, which pilocarpine may not suffice to 
counteract.—D.] 


325. (2) Eserine (also called physostigmine) has an action exactly the 
opposite of that of atropine, since it places the sphincter iridis and the 
ciliary muscle in a state of tonic contraction. Consequently, miosis develops 
so that the pupil is about the size of a pin’s head, with adjustment of the 
eye for the near point, as if marked myopia were present. Eserine dimin- 
ishes the intra-ocular pressure somewhat. [See page 19.] Pilocarpine 
acts in a similar way but less energetically. 

The action of miotics is of shorter duration than that of the mydriatics, and is 
also Jess powerful. Hence a pupil contracted by eserine or pilocarpine can be dilated 
‘by atropine, but a pupil dilated by atropine cannot be contracted by a miotic. 

Eserine frequently excites severe pain in the eye and head, painful contractions 
in the lids, and even nausea and vomiting. These are not symptoms of poisoning, but 
are the results of the great narrowing of the pupil and contraction of the ciliary muscle, 
by which the ciliary nerves are pulled upon. This bad by-effect, therefore, usually is 
absent when, for any cause, the eserine fails to produce any marked contraction of 


the pupil. 
’ A solution of eserine after being a few days in the light turns red (for which rea- 
son it ought to be prescribed in dark or paraffined bottles), without, however, suffer- 


ing any impairment of its activity, 

326. (3) Cocaine dilates the pupil—not, however, as in the case of 
mydriatics proper, by paralyzing the sphincter pupille, but by contracting 
the dilatator. The dilatation of the pupil is therefore only a moderate one 
[but considerable if a strong solution or repeated instillaticns are used], 
and the reaction of the pupil to light persists; moreover, mydriatics and 
miotics still produce an effect. If cocaime is instilled into an eye the pupil 
of which has been dilated by atropine, the dilatation increases some- 
what; hence the mydriasis produced by the simultaneous action of atropine 
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and cocaine is the most considerable that can possibly be attained. The 
accommodation is not paralyzed by cocaine, but only somewhat weakened. 

Besides action upon the iris, cocaine produces also the following effects: 
The conjunctiva becomes very pale, and at the same time the patient has 
a feeling of cold [and dryness] in the eye. The palpebral fissure is more 
widely open and the act of winking is less frequent. Sometimes the eye is 
protruded somewhat forward and the intra-ocular tension slightly diminished 
(see page 19). The practically important phenomenon, however, is the anzes- 
thesia shown by the superficial.tissues of the eye (cornea and conjunctiva). 

The effects of cocaine are best explained upon the assumption that it acts as a 
stimulant to the fibers of the sympathetic. The contraction of the vessels thus pro- 
duced causes the pallor of the conjunctiva. The sympathetic also innervates the mus- 
culus tarsalis superior and inferior (see § 581) and the dilatator pupillew, and the con- 
traction of these muscles causes the dilatation of the palpebral fissure and of the pupil. 
The anesthesia of the surface of the eyeball has nothing to do with the sympathetic, 
but depends on the paralysis of the sensory nerves. 

For the other alkaloids belonging to the cocaine group see page 63. 
327. (4) Adrenaline. The extract of the suprarenal capsules stimulates 
the muscle fibers supplied by the sympathetic. Instilled into the eye it 
causes [great and immediate] contraction of the blood-vessels, while the 
dilatation of the pupil due to contraction of the dilatator pupillz occurs in 
special cases only. 


Ill. DEVELOPMENT OF THE EYE 


328. Primitive Ocular Vesicle. Lens.—The eye develops from a pouch 
which forms on each side of the first cerebral vesicle. The pouch, which is 
called the primitive ocular vesicle (Fig. 157, a), remains in connection with 
the cerebral vesicle by means of a pedicle, which, at first broad, afterward 
more narrow, becomes subsequently the optic nerve (6). Its surface is 
covered by the ectoderm (HF). Upon this ectoderm, at a point eorrespond- 
ing to the apex of the ocular vesicle, there soon forms a thickening. This is 
the first rudiment of the lens, and the way in which it is formed is that the 
ectoderm here grows thicker, becomes folded upon itself, and forms an 
everted pouch directed toward the ocular vesicle (LZ, Fig. 158). This pouch 
deepens, and finally becomes shut in in front so as to form a closed sac, the 
lens vesicle (L, Fig. 159). The lens is accordingly an epithelial structure, 
being a derivative of the external germinal layer, and in the beginning con- 
sists of a hollow vesicle, which afterward becomes filled up by the growth of 
its cells and is converted into a solid sphere. 

329. Secondary Ocular Vesicle. Retina.—In proportion as the ecto- 
derm at the site of the primitive lens pushes against the ocular vesicle, the 
surface of the latter becomes more and more indented. Thus a flask-shaped 
structure with double walls is formed out of what was once a round sac 
(Fig. 159). This is called the secondary ocular vesicle, which is hence the 
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primitive ocular vesicle that has been invaginated and thus, so to speak, 
reduplicated. From the ocular vesicle is subsequently formed the retina, 
which thus must be looked upon as an isolated portion of the brain itself. 
The exterior and interior layers of the secondary ocular vesicle become dif- 
ferentiated early. In Fig. 161, the interior layer, r, is seen to be already 
considerably thicker than the exterior, p, although the latter also consists 
of several rows of cells. The exterior layer later becomes composed of a 
single row of cells, takes up pigment (Fig. 162), and ultimately becomes the 
pigment epithelium, which therefore is rightly counted in with the retina. 
The interior layer (r) soon gets to surpass 
the exterior one considerably in thickness, 
especially at the posterior portion of the 
eye, where its cells acquire a radial arrange- 
ment and develop into the retina proper. 
The anterior margin of the ocular vesicle, 
where the two layers become continuous, 
corresponds to the margin of the pupil in 
the fully developed eye (Fig. 163). 

330. Fetal Cleft. Vitreous.—At the 
time when the indenting of the ocular E 
vesicle by the lens takes place, the latter Fre. 157.—SecrTion ruroucsa tHE Empry- 
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completely fills the cavity of the vesicle, no MENT CORRESPONDING TO THAT OF A 
? = HuMAN EMBRYO OF TWENTY-ONE Days. 


vitreous cavity as yet existing. Theforma- Magnified 100 x1. 

tion of the latter cavity is effected by the trustePhon the Bret cele % 8.8 Pro” 
pushing in of vessels between the ocular £0%,8uch i's separated by a shallow 
cup and the lens and by the development 9.22, mesodetm MC over which passes 
of the tissue of the vitreous. The vessels P*" ° ® sinsle layer of cells. 

are derived from the mesoderm, which surrounds the ocular vesicle (Fig. 
157, M), and which makes its way into the interior of the latter through an 
opening—the fetal ocular cleft—in its lower side. Even as early as the time 
when the ocular vesicle is undergoing invagination so as to form a flask, we 
notice that at one spot in its lower side the wall of the flask is altogether 


deficient (Figs. 158 and 161). Here, then, a fissure-like defect exists in the 


yo. Ae 
SAN 
TONEAN 


es = 


-wall of the flask, a defect which is continued backward upon the pedicle of 


the ocular vesicle (the optic nerve) in the form of a furrow (Fig. 160). 
Through this fissure vessels together with some mesodermal tissue eradu- 
ally grow from the outside into the interior of the eye, pushing a way in 
between the retina and the lens. . 

The development of the tissue of the vitreous takes place from the cells 
of the inner layer of the ocular vesicle, i. e., from the part that afterward 
becomes the retina, and mainly from its most anterior, or ciliary, portion. 
In proportion as the vitreous develops, the lens pushes away from the bot- 


tom of the ocular cup and against its anterior wall. 
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The cleft in the optic pedicle, which represents the continuation of the 
ocular cleft backwards (Fig. 160), also becomes united later on by the grow- 
ing together of its walls, and thus shuts off the vessels which lie at its bot- 
tom. These are converted into the central vessels of the optic nerve, since 
the fibers of the optic nerve develop along the course of the optic pedicle. 

331. Anterior Chamber.—lIn the early stages of development not only 
is there no vitreous, but the anterior chamber is also wanting. The lens 
which has budded out from the ectodermal lining lies in direct contact with 
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Fie. 158.—SrcTIon THROUGH THE EMBRYONIC EYE AT A PERIOD OF DEVELOPMENT CORRESPOND- 
ING TO THAT OF A HumMAN EMBRYO OF TWENTY-TWO TO TWENTY-THREE Days. Magnified 100 x 1. 
The vertically made section passes through the fetal ocular fissure. The ectoderm, E£, dips in some- 
what at the site of the rudimentary lens, Z, and besides is thickened, being made up here of several 
layers of cells. Corresponding to this in-dipping, the ocular vesicle, a, presents an indentation in its 
cavity, and is consequently converted into the ocular cup, the inner wall, r, of which subsequently 
becomes the retina, the outer wall, p, becoming the pigment epithelium. The interior of the ocular 
cup communicates with the first cerebral vesicle, b, through the rudimentary optic nerve, o. The 
projecting portion of the wall of the ocular cup is wanting below, because the fetal ocular cleft is sit- 
uated here. M, mesoderm, in which, near the lower edge of the rudimentary lens, can be seen the 
cross section of a capillary vessel. 

Fig. 159.—Srecrion THROUGH THE EMBRYONIC EYE AT A PERIOD OF DEVELOPMENT CORRESPOND- 
ING TO THAT OF A HuMAN EmBryoO OF TWENTY-FOUR TO TWENTY-FIVE Days. Magnified 100 1. 
The section here depicted does not pass through the fetal ocular cleft, so that the secondary ocular 
vesicle appears as a complete cup; the more so since the portion of ectoderm, E, representing the rudi- 
mentary lens, L, has become invaginated further than in Fig. 158. In the bottom of the depression 
occupied by the lens there lies some cell detritus, and between the lens and the inner wall of the ocular 
cup are seen a few cells derived from the mesoderm, M. In one or two spots in the mesoderm are visible 
the cross sections of capillaries. O, rudimentary optic nerve. 


the latter. Then the mesoderm grows in from all sides at the anterior mar- 
gin of the ocular cup between ectoderm and lens. In this mass of meso- 
dermal tissue there afterwards develops a slit, which is the anterior chamber. 
The portion of the mesoderm lying in front of the slit forms the cornea, its 
posterior portion forms the iris and pupillary membrane. 

332. Embryonic Vessels.—The arrangement of vessels in the embryo is 
essentially different from that in the adult eye. Most of the vessels of the 
embryonic eye are given off from the central artery of the optic nerve. This 
continues its course, as the arteria centralis corporis vitrei or arteria hya- 
loidea (ig. 162), through the vitreous to the posterior pole of the lens, lying 
in the central canal of the vitreous (canalis hyaloideus seu Cloqueti). Fur- 
thermore, as it enters the eye, the central artery of the optic nerve gives off 
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lateral branches which form an arterial network in the peripheral portions 
of the vitreous (vasa hyaloidea propria—not yet present in the eye that is 
represented in Fig. 162), and likewise extend forward to the margin of the 
lens. The main trunk of the arteria centralis corporis vitrei, upon arriving 
at the posterior pole of the lens, divides into branches, ramifying over the 
posterior surface of the lens and running forward to the margin of the latter, 


Fic. 160. Fie, 161. 


Fic. 160.—Srconpary OcuLAR VESICLE WITH OcULAR CLEFT SEEN FROM IN FRONT AND A 
LITTLE Betow. The drawing is taken from a model which Prof. Hochstetter has made from his dis- 
sections by the plate-method. The model represents the rudimentary brain with its processes, but 
omitting the ectoderm and mesoderm. The eye rises by a thick hollow pedicle from the lateral wall of 
the first cerebral vesicle, G. At its distal end it presents an indentation, L, which represents the 
invagination of the lens vesicle into the ocular vesicle. The limits of the lens vesicle are indicated by a 
dotted curved line. From the lower margin of the indentation runs the fetal ocular cleft. This, at 
first very narrow, afterward widens somewhat, and extends down upon the pedicle of the optic vesicle. 

Fic. 161.—Seconpary OcuLAR VESICLE WITH OCULAR CLerT. Lrerr Err oF A Human Fetus 
TWENTY-SEVEN Days Oup, SEEN IN VERTICAL SecTION. Magnified 881. Out of the sections 
combined to form Fig. 160, the one selected for representation is that passing precisely through the 
ocular cleft; hence the lower wall of the ocular fissure is wanting here, just as it is in Fig. 158. The 
walls of the first. cerebral vesicle, G, approach each other and form the pedicle of the ocular vesicle, 
o, (subsequently the optic nerve), and further along form the reduplicated wall of the secondary ocular 
vesicle itself. The external lamina, p, of this reduplicated wall, which later is transformed into the 
pigment epithelium, composed of a single layer of cells, is at this time still destitute of pigment and 
composed of several layers of cells. At the anterior border of the ocular vesicle it is reflected to form 
the thick inner lamina, r. This latter, from which the retina proper is developed, is already beginning 
to show a radial arrangement of nuclei. The anterior border of the ocular vesicle is covered by the 
ectoderm, FE, E, upon which is the rudimentary lens, L, which has already become closed so as to form 
a vesicle, but is not yet completely detached. Above, the mesoderm, M, fills the space between the 
cerebral vesicle, the ocular vesicle, and ectoderm; but below, the mesoderm, wherever the ocular cleft 


extends, penetrates into the interior of the ocular cup till it reaches the lens vesicle. 

where the anterior extremities of the vasa hyaloidea propria unite with 
them and form a specially dense network of vessels surrounding the border 
of the lens. In front of the equator of the lens branches run to this vascular 
network, which come round the anterior border of the ocular cup from that 
portion of the mesoderm which afterward forms the iris. They assist in cov- 
ering the anterior capsule of the lens also with a vascular network. Among 
the vessels derived from the iris are found veins as well as arteries, and these 
veins provide for the escape of all the blood, since all the other vessels going 
to the lens are arteries. The lens in the fetal eye is accordingly surrounded 
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ri ! 
by a vascular membrane, the tunica vasculosa lentis, which in the region 
occupied by the pupil bears the name of pupillary membrane (membrana 
pupillaris, P, Fig. 163), while its remaining portion is known as the mem- 
brana capsularis (C, Fig. 163). The tunica vasculosa lentis disappears in 
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Fia. 162.—Smcrion THROUGH AN Eyer AT A Periop OF DEVELOPMENT CORRESPONDING TO THAT OF A 
Human Emsryo in THE MippLE or THE THIRD MontH. Magnified 73 X 1. 


The envelope of the ocular vesicle is formed of mesoderm, and in its anterior segment consists 
of the cornea, which contains an abundance of nuclei throughout and is separated by a particularly 
marked accumulation of nuclei from the posterior segment. In this posterior segment no delimita- 
tion between sclera and uvea has as yet taken place. The uvea will develop from the inner layers 
which are distinguished by containing more nuclei—a characteristic which is continued over into the 
hindmost, or uveal, layers of the cornea. At a point corresponding to the anterior margin of the ocular 
vesicle the mesoderm projects into the interior of the eye, and from the free border of the ring-shaped 
process thus formed (constituting what is later the iris) rise two delicate vascular membranes which 
surround the lens, constituting a sort of vascular lenticular capsule. Into the hinder of these two 
membranes the hyaloid artery enters at a point corresponding to the posterior pole of the lens. This 
artery rises from the central artery, C, of the optie nerve. Of the two laminzw composing the secondary 
ocular vesicle, the external, or pigment epithelium, has been reduced in its posterior part to a single 
layer of cells, while in its anterior portion there are still several cell layers present which have already 
taken up pigment. The inner lamina, or retina, consists of numerous layers of cells, the nuclei of 
which show a partially radial arrangement. In the immediate vicinity of the optic-nerve entrance 
can be seen the way in which one lamina is reflected into the other. The anterior point of reflection 
corresponds to what is later the pupillary margin of the iris. The lens is of an almost spherical shape; 
its antero-posterior diameter, in fact, is actually somewhat larger than its equatorial. Upon the anterior 
surface of the lens lies the epithelium, which still consists of several layers of cells: and no distinct 
lens capsule has yet been differentiated. In the region of what is later the equator of the lens the 
epithelial cells are growing out into lens fibers, which are still nucleated throughout, and take a sagittal 
direction. The posterior surface of the lens is destitute of epithelium, and is covered by an extremely 
delicate capsule. The vitreous cavity is very small. L, Li, the eyelids growing out. 


the last two months before birth, although scattered remnants of the pupil- 
lary membrane are quite frequently found still present in newborn infants. 

The vessels of the retina develop by growing out from vessels that 
branch off from the central artery at the optie-nerve entrance and push on 


into the fiber-layer of the retina, while the vessels of the vitreous, previously 
present, undergo obliteration. 
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333. Cornea, Sclera, Iris —The mesoderm that envelops the ocular 
vesicle forms through its outer layers the cornea and sclera, and through its 
inner layers the uvea. The most anterior portions of the latter—i. e., 
the ciliary body and iris—arise from that layer of the mesoderm which juts 


out like a spur into the interior of the eye and helps to form the vascular 
capsule of the lens (Fig. 162). 


This spur-like process keeps A em 
pushing on into the interior of 
the eye, carrying with it on its 
posterior surface the anterior 
wall of the ocular vesicle (Fig. 
163). That portion of the meso- 
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ciliary body. Over the ciliary 
: C 
body the outer lamina of the Fie. 163.—ANTERIOR SEGMENT OF THE EYE AT A PpRIOD 


Teg] 1 ] ; or DEVELOPMENT CORRESPONDING TO THAT OF A 
ocular vesicle alone is pigmented, HuMAN EMBRYO AT THE END OF THE THIRD Monta. 


and the inner is not, just as is Magnified 80x 1. 
: The epithelium of the cornea, H, is continued over 
the case with the two layers Of upon the conjunctiva as far as the retrotarsal fold, U. 
sys : Behind the cornea is seen the front wall of the ocular 
cells of the pars ciliaris retin@ vesicle. The two laminz forming this wall are reflected 


2 -_ so as to unite with each other at a point corresponding to 
in the adult eye Ve and C in the margin of the pupils The eae betes P, is 
: x igmented throughout, the internal lamina being pig- 
Figs. 145 and 146). Farther Baral only in its anterior portion, where it later is con- 
verted into the posterior stratum of the retinal pigment 

forward, Over an area COIFTC=|aver of the iris. Farther back, where the inner lamina 


° : is destitute of pigment, it is afterward converted into the 
sponding to the posterior surface inner layer of cells of the pars ciliaris retin, which lines 
. the ciliary body. Still farther back a sudden swelling out 

of the mesodermal rudimentary of the inner lamina denotes the beginning of the retina 


oe ° er, r, at a spot corresponding to what is afterward 
Iris, both lamin of the ocular Phe oes serrata. The two lamine of the ocular vesicle, so 


: . far as they constitute the coating of the ciliary body, lie 
vesicle are pigmented, and the closely applied to the mesodermal envelope. Farther, 
. * forward, at a point corresponding to the rudimentary iris 

two unite after undergoing T€- they separate from the cornea, from which they receive 
. a covering of mesodermal tissue, afterward converted into 
flection at the border of the the stroma of the iris. From the free border of this tissue 
: es: are given off two membranes—the membrana pupillaris, 
pupil. Conj ointly they form P, which passes to the opposite pupillary border, and the 
= z membrana capsularis, C, which runs backward, between 

the retinal pigment layer of the ciliary body and lens, to the posterior surface of the 
a4 Jatter. In the lens, L, the circle of nuclei is carried 
Iris (see page 367). farther forward than in Fig. 162, and the shape of the 


834. Lids, Lachrymal Pass- lens in cross section has already become more elliptical. 
ages.—The lids originate as folds, which keep growing out above and 
below the eye from the skin surrounding it, until their edges come into 
contact. They then become united, but only by their epithelial lining; 
and shortly before birth this union is dissolved. The lacbrymal gland 
originates from a bud-like intrusion of the epithelium of the conjunctiva 
into the orbital tissue. The lachrymal canal starts from a channel which 
exists even at an early period between the superior maxillary and the 


external nasal processes. 


CHAPTER V 
DISEASES OF THE IRIS AND CILIARY BODY 


I. INFLAMMATION 


335. Tue iris and the ciliary body form a continuous whole, inasmuch 
as the iris springs from the ciliary body; both, moreover, are supplied by 
the same blood-vessels. It is hence quite easy to understand that both 
organs are very frequently diseased at the same time. Unmixed inflam- 
mation of the iris (iritis) or of the ciliary body (cyclitis) is rare; inmost cases 
we have to do with a combination of the two (irido-cyelitis). For practi- 
cal reasons, however, it is advisable to describe the symptoms of iritis and 

of cyclitis separately, and then show what sort of clinical picture is pro- 
duced by their combination. 

336. Symptoms of Iritis.—The symptoms of iritis are partly referable 
to the hyperemia of the iris, partly to the formation of exudation. 

Hyperemia of the iris manifests itself chiefly by the discoloration which 
causes a blue or gray iris to appear greenish—a change which is particu- 
larly striking when comparison is made with the iris of the other eye, in 
case this is healthy. In dark eyes the discoloration is less pronounced. 
Sometimes, with the aid of a magnifying glass, we can clearly distinguish 
the separate dilated blood-vessels under the form of red strise or macule. 
The other changes found concern the pupil, which is contracted, and does 
not react as well as usual. The contraction is a necessary result of the 
dilatation of the iris due to the increased fullness of the vessels; besides, 
there is a spasm of the sphincter produced by the irritation. For these 
reasons the reaction of the iris to light is diminished, and atropine also acts 
less promptly -and less thoroughly than usual. The hyperemia of the iris 
is accompanied by [conjunctival and] ciliary injection, photophobia, and 
increased secretion of tears. 

The symptoms of congestion just described may exist by themselves 
without symptoms of exudation, in which case we do not speak of iritis, 
but merely of hypersemia iridis. This is observed as a result of the same 
causes as iritis itself, in case the irritation is not great enough to provoke 
actual inflammation. Pure hyperemia of the iris is most frequently seen 
in corneal affections, and particularly in ease of small ulcers or foreign 
bodies in the cornea. Hypersemia of the iris, provided it is not the pre- 
cursor of an iritis, disappears without leaving any lasting traces of its 
presence. 


inexperienced physicians often fail to recognize slight cases of iritis, considering 
it as catarrh on account of the injection of the eyeball that coexists with it. The treat- 


ment then employed, such as the application of the silver-nitrate solution or the instilla- 
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tion of irritating collyria, commonly aggravates the iritis. We can avoid this mistake 
if in every case we pay careful attention to any discoloration that there may be in the 
iris (particularly by comparing it with the iris of the other eye), and also to the dimensions 
of the pupil, which in an eye with iritis is contracted. Moreover, a slight turbidity of 
the aqueous can be recognized, even in the early stages, from the fact that the pupil has 
not the same pure black look as in the other eye. On the other hand, the mistake is 
often made of considering an inflammatory glaucoma as an iritis on account of the 
ciliary injection and the discoloration of the iris—a mistake which is the more disastrous 
because in glaucoma great harm is done by the instillation of atropine. Here, besides 
the testing of the tension, our chief means of guarding against mistakes is the examina- 
tion of the pupil, which in iritis is always more contracted, in glaucoma always more 
dilated, than usual. 

{In the earliest stages of iritis when there are simply hyperemia and cramp of the 
iris, the diagnosis is sometimes difficult. Homatropine should then be used. (If there 
is a suspicion of glaucoma, the homatropine 
may be replaced by euphthalmine or even 
cocaine. In that case if increase of tension 
occurs with the dilatation, this can easily be 
controlled by eserine, and if, on the other 
hand, the euphthalmine or cocaine fails to act, 
they can at once be replaced by homatropine.) 
If one instillation of a 2-per-cent solution of 
homatropine combined with 4-per-cent cocaine 
fails to dilate the pupil in twenty minutes, 
repeated instillations should be made until the 
pupil does dilate, or it is evident that it will 
not do so. In the latter case atropine should 
be instilled at once. If under either homatro- 
pine or atropine the pupil dilates sluggishly, 
imperfectly or unevenly and if, furthermore, 
when the dilatation is finally effected the pain 
and photophobia are relieved, the diagnosis of 
iritis is confirmed. Adrenaline helps, too, by 
dispelling a superficial injection and so bring- see 
ing to view a deep injection which the drug ome n Saati. eeece s he: 
does not much reduce.—D.] work of coagulated fibrin, in which lie scat- 
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Fie. 164.—Init1I1s8. 


Magnitied 116 X 1. 


Beret netiakes -pl tl rE eeu the rantonon Meteo a 
. Hxudation takes place partly é : 
into the tissue of the iris itself, partly 
into the surrounding cavities, the an- 
terior and posterior chambers, and is 
accordingly characterized by varying 
symptoms: 

(1) Exudation into the tissue of the 
iris makes the latter, since it is filled 


behind by the posterior limiting layer, h, and 
the retinal pigment layer, P. In the tissue 
of the iris are recognized the cross sections of 
blood-vessels, b, with very developed adven- 
titia, and a great quantity of pigmented cells 
(the specimen is taken from a aark-brown 
iris). Most of these (chromatophores) still 
retain their elongated and branching shape, 
but others, at k, are transformed into shape- 
less agglomerations of pigment, as is usually 
the case in inflammation of the iris. In the 
anterior layers of the iris many small cells (emi- 
grated leucocytes)—likewise an evidence of 
inflammation—lie between the pigment cells. 


with an abundance of round cells, appear swollen and thicker than 
usual. The discoloration is still more pronounced than in simple hyperemia, 
and the clear-cut markings upon tbe anterior surface of the iris are obscured. 
It is easy to understand that the rigid and swoilen iris should react but 


insufficiently to light; the pupil is greatly contracted. 
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338. (2) Exudation into the anterior chamber manifests itself first by 
turbidity of the aqueous, in which numerous exudation cells are suspended. 
The turbidity is best recognized upon the dark background of the pupil, 
which in this case looks gray instead of being a pure black. Gradually the 
formed constituents floating in the aqueous sink to the bottom of the 
chamber, where they produce a hypopyon (Fig. 98, A and B). When 
there is very great hyperemia, rupture of the blood-vessels in the iris may 
take place with an extravasation of blood, which also sinks to the bottom 
of the anterior chamber (hyphzema). 


&, s 


Fic. 165.—ReEcent Irrtis with PurpILLARY MEMBRANE. Magnified 55 X 1. 


The iris, i, is greatly thickened by swelling and infiltrated by numerous round cells. Attached 
to the pupillary margin is an exudate, e, which fills the whole pupil, and which, on the one hand, pushes 
its way somewhat beneath the pigment layer, p, and, on the other hand, extends up on the anterior 
surface of the iris. That it is a quite recent exudate is evident from its thickness and from its being 
composed of a network of fibrin, inclosing scattered pus corpuscles. The number of the latter increases 
toward the surface of the iris. k, capsule of the lens. 
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Fie. 166.—OccLusio Pupttta Two MonrTus aFreR A PERFORATING INJURY. Magnified 55 xX 1. 


The exudate, e, has become converted into connective tissue, and has, in consequence, shriveled 
down to a thin pellicle, which, becoming constantly more and more attenuated, can be traced over 
the entire surface of the iris. The iris itself has become thinner from atrophy, and where it ends at 
the pupillary margin is tapered off owing to its being pulled upon by the pupillary membrane. The 
pigment layer, p, is the part most drawn out into the pupil, so that it projects a good bit beyond the 
sphincter, s, and the stroma of the iris, 7. Hence the margin of the pupil in the living eye, when looked 
at from in front, seems as though encompassed by a broad brown rim, which appears to attach the 
edge of the pupil to the capsule of the lens. 


Fia. 167.—Occiusio Purittpa Tauren Monrus arper A Prrroratina Injury. Magnified 55 xX 1- 


The exudate, e, is converted into a thin membrane of connective tissue, which, at the pupillary 
border of the iris, extends mainly beneath the latter, and can be traced as a delicate pellicle for a long 
distance between the pigment layer, p, and the lens capsule, k. The tension set up by the pupillary 
membrane upon the border of the atrophic iris, 7, has drawn the latter down over the pigment layer 
so that the sphincter iridis, s, which is solidly united with the pigment layer, has its anterior border 
turned back in a hook-shaped bend. In the living eye the margin of the pupil appeared encompassed 
py a gray rim which merged gradually into the less gray, because more transparent, pupillary mem- 

rane. : 


Besides the exudates suspended in the aqueous, a layer of exudate is 
also found covering the walls of the anterior chamber. Owing to the exu- 
date deposited on its posterior surface (Fig. 170, f) the cornea appears 
faintly and uniformly clouded. Moreover, the layer of exudate deposited 
upon the iris (Fig. 164) contributes essentially to the hazy appearance of 
the iris markings. The layer of exudate extends from the iris upon the 
anterior capsule of the lens (Fig. 165, e), and covers the latter throughout 
the area of the pupil, which consequently appears gray. 
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If this exudate becomes organized, a membrane is produced which 
closes the pupil and is connected with the pupillary margin of the iris 
(Figs. 166 and 167, e). This is called a pupillary membrane, and the con- 
dition thus brought about is called occlusio pupille (Fig. 172). It is evident 
that this condition must result in a very considerable impairment of vision. 

A peculiar appearance is furnished by the presence of a pretty large fibrinous 
exudate in the anterior chamber, such as is at times observed in every sort of acute 
iritis. If, for example, much fibrin is deposited in the aqueous, it may become coagu- 
lated into a uniformly gray, translucent mass (hence the name gelatinous exudate and 
also lenticular exudate, because with its rounded edges it sometimes looks like a half- 
transparent lens that has been dislocated into the anterior chamber). The exudate 
speedily shrinks, since the fibrin in contracting expels the liquid from its meshes (for 
which reason we also speak of it as a spongy exudate).! After a few days the exudate 
has either completely disappeared or it has been reduced to a thin pellicle lying in the 
pupil and often still connected with the pupillary margin by one or two slender filaments. 

339. (3) A special form of exudate that is found particularly in the 
chronic cases, are the precipitates (deposits) upon the posterior surface of 
the cornea. These are small dots, no bigger than a pin’s head, of a light 


Fic. 168. Fic. 169. 

Fic. 168.—Precipirates. Besides minute deposits, there are found also large ones, which are 
— aceasta These are small and disposed in the form of a triangle. 
gray or brownish color, which lie upon the posterior corneal surface (p, 
Fig. 172). They were formerly thought to be located in the cornea itself; 
but if by puncturing the cornea the aqueous 1s allowed to escape, some of 
the deposit may be seen to disappear too, being swept away with the 
aqueous—a proof that they simply lie upon the posterior surface of the 
cornea. If the deposits are large, but few of them are generally present, 
and they are then commonly scattered irregularly over the cornea (Fig. 
168). The smaller the deposits, the more numerous they generally are. 
They then occupy the lower half of the cornea, In mhiel they cover a sur- 
face having the shape of a triangle. The base of the triangle corresponds 
to the lower corneal margin, and its apex is directed upward toward the 
center of the cornea. It is frequently observed that the deposits diminish 
in size from the base toward the apex of the triangle (Fig. 169). | 

The peculiar arrangement of the deposits is readily explained by their mode of 


origin. The deposits are conglomerations of cells, agglutinated into masses by means 


of fibrin (Fig. 170). At first they are suspended in the aqueous, and by the movements 
of the eye abe thrown by virtue of centrifugal force against the posterior surface of the 
ere ; fi of exudate is often called spongy iritis.—D.] 


! [Iritis associated with this sort 
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cornea and adhere to it. In so doing they arrange themselves according to weight, the 
largest being lowest down. The triangular shape of the arrangement is a result of the 
movements of the eyeball, by which the deposits are cast upon the cornea. We have 
only to think of what happens when we throw sand through a wire screen or shake 
grain in a sieve. The little fragments of stone or of grain always form a pointed figure 
with the apex, which contains the finest particles, running upward, while successively 
coarser particles follow in order below. The same is the case with the deposits. By 
their peculiar arrangement the deposits are generally easily distinguishable from macu- 
lar opacities in the cornea itself (in keratitis punctata, see pages 287 and 290). Other 
distinguishing marks are the clearer outline and frequently the brownish color of the 
deposits, which, moreover, do not lie at different depths like macule in the cornea 
itself, but lie all in the same plane—that is, on the posterior surface of the cornea. 
The deposits are easily overlooked, because they are often so extremely minute. 
We should, therefore, in every case in which there is a suspicion of the existence of an 
affection of the uveal tract, look for them with a strong magnifying glass. In slight 
cases of chronic cyclitis (see page 407) a couple of such very minute precipitates are 
often the only objective sign of the disease, and if we overlook them we are often unable 
to account for the patient’s subjective troubles, for the sensitiveness of the eye to light, 


Fic. 170.—Derprosir Uron THE PosTERIOR SURFACE OF THE CORNEA. Magnified 140 xX 1. 


The posterior surface of the cornes 1, C, is covered by Descemet’s membrane, D, and the endo- 
thelium, e. The latter, which as a whole is of normal character, is wanting at the spot where the de- 
posit, P, is situated. This deposit forms an accumulation of cells with interspersed pigment granules 
which are partly free and partly inclosed in the round cells. In the place where no deposits are situated 
the posterior surface of the cornea is covered by a layer of exudation consisting of two strata, an anterior 
one, 6, composed of round cells, and a posterior one, f, formed of coagulated fibrin. 


for the readiness with which it tires, or for the occasional slight pain or moderate red- 
dening of the eye. Faulty diagnoses, too, are easily made. As an example for this I 
may adduce the fact that repeatedly patients have been sent to me in order that I 
might do an iridectomy on them for chronic glaucoma. It was usually a case of per- 
sons who were not yet of the advanced age of ordinary glaucoma patients and who 
from time to time got attacks of increase of tension associated with the appearance of 
colored rings about a light, pain, dilatation of the pupil, ete. They had, accordingly, 
the symptoms that belong to the prodromal stage of glaucoma (§ 442). But the dis- 
covery of a few minute deposits proved to me that the ease was not one of genuine 
primary glaucoma, but of an increase of tension due to a chronic eyclitis (secondary 
glaucoma). There was, moreover, another symptom that perforce led one on the right 
track, and that was the fact that the anterior chamber was deeper than normal, while 
in glaucoma it is shallower. In such eases the diagnosis is important because in chronic 
cyclitis the increase in tension can often be relieved even without an iridectomy. 

In contradistinction to the scarcely visible deposits, spoken of above, there are 
also found especially large gray lardaceous-looking deposits which as the disease pro- 
gresses, change their shape, enlarge, and coalesce with neighboring precipitates to form 
biscuit- or trefoil-shaped masses of exudation (Fig. 168). Large deposits of this sort 
occur pre-eminently in the tuberculous or scrofulous inflammations of the uvea. 
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On careful inspection with the loupe we sometimes find deposits in the pupillary 
area and particularly on the iris. It is true, they are hard to see, in this situation, espe- 
cially on a light-colored iris with which they do not contrast well. The deposits prob- 
ably get on the iris at night, when the patient lies for a long time quietly on his back, so 
that the agglomerations of exudate floating in the aqueous are not thrown against the 
cornea by the movements of the eye, but sink gradually down upon the iris. 

Most deposits get darker, as they get older. For, the cells of the exudate break 
down and become absorbed, so that the pigment granules, which lie between them and 
which are left behind, come more and more clearly into view. Ultimately there remain 
dark brown or black dots, which may readily be confounded with small black foreign 
bodies, if no heed is paid to their deep situation. In rare cases the deposits are dark 
brown, even when recent, if at the outset they have carried much pigment with them 
from the uvea. 

I have quite frequently found minute deposits in eyes in which a seft cataract had 
been operated upon by discission, and was consequently swelling up and undergoing 
absorption at the time. These so-called lens deposits are, however, essentially different 
from the genuine deposits; they are not agglomerations of exudation, but small rounded 
lens fragments, detached from the swelling lens and thrown against the posterior sur- 
face of the cornea, to which they then adhere. They are therefore in no sense to be 
regarded as a sign of inflammation; and this view of their nature is confirmed by the 
favorable course that such cases pursue. 


340. (4) Exudation poured out into the posterior chamber is not acces- 
sible to direct observation, but manifests itself only by the adhesions which 
it causes between the iris and the capsule of the lens (posterior synechic). 
These adhesions develop principally at the spot where the iris and the 
capsule of the lens are in contact—i. e., at the pupillary margin. They 
form at the time when the iritis is at its height, and when, therefore, the 
pupil is greatly contracted. When, after the iritis has run its course, the 
pupil tends to resume its usual mean width, this is only possible over the 
area in which the pupillary margin has remained unattached. The portions 
that are adherent to the capsule of the lens cannot retract, but remain as 
tags of greater or less size, projecting in toward the center of the pupil. 
The pupil thus acquires an irregular shape which is still more obvious if 
atropine is instilled; for, as the iris then retracts strongly at its unattached 
portions, the synechiz stand out in the clearest possible way (a and b, 
Fig. 171). Atropine is hence a very valuable agent for the diagnosis of 

rior synechiz. 
os a formation of posterior synechiz, it is not the stroma of the 


iris, but the layer of the retinal pigment [Figs. 165, 166 and 167, p] covering 


its posterior surface, that becomes adherent to the capsule of the lens 


When the iris starts to retract, the pigment layer is held back at the points 

of adhesion, and is thus exposed to view more extensively than usual. 

Hence in dilatation of the pupil, especially by atropine, the tags jutting 

out into the pupil look brown (Fig. 166). eee the traction exerted by 

the iris, rupture of the synechix may result. This sometimes is effected 

spontaneously by the traction which is constantly being made upon the 
26 
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adhesions during the ceaseless movements of the iris; for the most part, 
however, rupture is produced artificially by the instillation of atropine. 
In that case we see, at the spot where the synechia has been set free, a 
brown spot remaining upon the anterior capsule of the lens. This is the 
pigment layer whose pathological adhesion to the capsule of the lens is 
firmer than its physiological connection with the tissue of the iris. If 
several synechie have been ruptured, we find remains of them in the shape 
of a corresponding number of brown dots arranged in a circle upon the 
anterior capsule of the lens (Fig. 171, between and on either side of a and 
b). This circle is narrower than the mean diameter of the pupil, because the 
synechie were formed at the time when the pupil was contracted by iritis. 
The dots of pigment never disappear, and hence during the whole life give 
evidence of an iritis that has once existed. 

It happens sometimes that posterior synechie develop in the presence of a dilated, in- 
stead of contracted, pupil; as, for example, when they form in an eye under the influence 
of atropine. In this case the margin of the pupil becomes adherent to the capsule of the 


lens atsome peripherally located spot, so that afterward, when the pupil assumes itsmean 
width, the synechia is marked, not by a projecting process, but by a re-entrant angle. 


Fic. 171.—PogsTprior SYNECHI® AND REMAINS OF FETAL PUPILLARY MEMBRANE. Magnified 2X 1. 


The pupil has been dilated by the instillation of atropine. The dilatation, however, is unequal, 
because the upper part of the pupillary margin is fixed by means of adhesions to the anterior capsule 
of the lens. At a there is a slender synechia which is drawn out into a fine black point; at b, on the 
other hand, is found a broad and but slightly elongated adhesion, such as frequently occurs, especially 
in syphilitic iritis. Between the synechix, and by the side of them, the capsule of the lens is covered 
with minute black dots arranged in a semicircle. They correspond to the situation of the pupillary 
margin when the pupil was contracted, and have been left by the rupture of the adhesions. From the 
lower part of the ifis a filament, c, runs straight upward. This arises from the trabecule of the circulus 
iridis minor, and passes in the region of the pupil to the anterior capsule of the lens, where it is attached 
po aroma round, Spee paid This care is not a posterior synechia, but a remnant of the 
etal pupillary membrane, It does not prevent the iris fr ret i "4 " ine 
is simply stretched and drawn out thin seeelt, ae 


341. If the adhesion of the iris to the capsule of the lens is not con- 
fined to single points, but comprises the whole extent of the pupillary mar- 
gin, we speak of an annular posterior synechia. No projecting tags are then 
apparent, because the iris is no longer able to retract at any spot, the pupil 
remaining unchanged all the time, even after the instillation of atropine. 
There is generally a brown rim (pigment) or a gray rim (exudate) 
investing the pupillary margin (Figs. 166 and 167). An annular 
synechia is seldom formed all at once; it is for the most part the result of a 
number of recurring attacks of iritis, which little by little produce a more 
and more extensive adhesion of the iris to the lens. The direct consequence 
of an annular synechia is the shutting off of the anterior from the posterior 
chamber—shutting off of the pupil (seclusio pupille). 
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The two sequel of iritis, shutting off of the pupil (seclusio pupille) and 
shutting up of the pupil (occlusio pupille), very often occur together 
owing to the fact that the exudate which attaches the pupillary margin to 
the lens may also extend over the entire pupil (Fig. 172). But they may 
also occur separately and then have very different consequences. Occlu- 
sion of the pupil occurring by itself produces very great diminution of 
sight, without, however, entailing any dangers for the future. Seclusion 
of the pupil in itself does not affect the sight, if the pupil is free from 
membrane, but subsequently induces changes (increase of tension) which 
cause blinding of the eye. 


Fie. 172.—SEcLusION AND OcCLUSION OF THE PupiL. Magnified 5 X 1. 


The iris is adherent by its entire pupillary margin to the lens, but elsewhere is pushed forward. 
The posterior chamber, h, is thus made deeper, the anterior chamber, v, shallower, especially at the 
periphery where the root of the iris, a, is pressed against the cornea by the increase of tension. In con- 
sequence of the traction made upon the iris, its retinal pigment is beginning to separate (at s) and to 
be left upon the capsule of the lens. The pupil is closed by an exudate membrane, 9, by the shrinking 
of which the anterior capsule is thrown into folds. In the lower part of the anterior chamber there is 
matter, p, precipitated upon the posterior surface of the cornea. In consequence of the increase in 
tension, both the ciliary processes, c,; and the ciliary muscle, m, are atrophic and flattened. The cortex 
of the lens has undergone cataractous disintegration, and at r is separated from the capsule by liquor 


Morgagni; the nucleus, k, of the lens is unaltered. 


For the diagnosis of seclusio pupille, the employment of atropine is often indis- 
pensable. It frequently happens that the pupillary margin is thought to be adherent 
to the capsule all round, when, nevertheless, upon the employment of atropine it retracts 
at one small spot. At this unattached portion, which is most frequently situated above, 
there is thus formed a curved or horseshoe-shaped indentation of the pupillary margin. 
Similarly we may infer the existence of a small opening if, after the case has been under 
observation for a long time, no protrusion of the iris takes place, since in true seclusio 
pupill such protrusion never fails to appear. Of course, we must be able to exclude 
the existence of a total posterior synechia, in which case evidently protrusion of the 
iris could not take place. 

Seclusio pupille appears to occur frequently without there being any simultaneous 
formation of membrane in the pupil (occlusio pupilla). This, however, is only apparent, 
asarule. Upon careful examination we usually notice that the gray fringe of exudate 
which runs along the adherent pupillary margin projects far into the pupil, becoming 
gradually thinner as it does so, so that perhaps only the center of the pupil appears to 
be quite free. Nay more, if, after performing an iridectomy, we compare the pupil 
with the pure black coloboma, we can almost always convince ourselves that really no 


part of the pupil is quite free from a membrane. 
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Much more frequently than seclusion without occlusion, the converse—i.e., occlu- 
sion without seclusion—occurs. That is, there is a membrane in the pupil, and some- 
times quite a thick one, which is not connected with the pupillary margin all round, 
but only at separate spots. 

The presence of a well-marked reaction of the pupil to light is not altogether con- 
clusive evidence against the existence of seclusio pupille. If the tissue of the iris is 
not yet atrophic, and a fair perception of light at the same time exists, the anterior 
layers of the iris, when the illumination is varied, move quite perceptibly over the fixed 
posterior pigment layer. 


342. Symptoms of Cyclitis.—Exudation from the ciliary body, apart 


from the infiltration of the tissue itself, takes place into the anterior chamber, 
the posterior chamber, and the vitreous: 
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Fig. 173.—Torau Posterior SYNECHIA. VERTICAL SECTION THROUGH THE Err. Magnified 5 1. 
£ 


The iris is adherent by its posterior surface to the capsule of the lens and also to the anterior sur- 
face of the ciliary body. The posterior chamber consequently is obliterated and the anterior chamber 
deepened at its periphery, b; at this spot the iris is strongly retracted and at the same time is here the 
most thinned through atrophy. The exudate connecting the iris with the lens also stretches as a thin 
membrane, p, across the pupil. The hull of exudate, s, springing from the ciliary body, envelops the 
posterior surface of the lens and by its shrinking draws the ciliary processes toward the center. As 
a result of this, a s¢paration of the ciliary body, c, from its bed has already taken place below, and in 
the intermediate space are seen the disjoined lamellw of the suprachorioid membrane, a. The pig- 
ment epithelium, /, of the ciliary processes has undergone proliferation. At the lower part of the cor- 
nea there is a zonular opacity, g. The lens is swollen and is opaque throughout; there is no hard, 
undisintegrated nucleus (i. e., it is a soft cataract). 


1. The exudate produced by the ciliary body may get into the anterior 
chamber directly, in case there is implication of the most anterior portion 
of the ciliary body—i. e., that covered by the ligamentum pectinatum and 
lying at the confines of the anterior chamber. Thus a hypopyon may be 
poured out by the ciliary body, and especially there may be produced the 
precipitates, which are so frequent in chronic cyclitis. Particularly char- 
acteristic of cyclitis are the gray or grayish-white exudates that develop 
in many cases and which appear to grow out in the form of spongy masses 
from the sinus of the chamber, and that not merely below, but also from 
other directions. ; 
2. In consonance with the anatomical situation of the ciliary body 
the great mass of the exudate is deposited in the posterior chamber (Fig. 177) 
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and into the anterior portion of the vitreous. This exudation, if excessive, 
leads to the adhesion of the whole posterior surface of the iris to the an- 
terior capsule of the lens (total posterior synechia, Fig. 173). This adhesion 
of the surface of the iris is distinguished from the annular synechia, in which 
only the pupillary border of the iris is attached to the capsule, chiefly from 
the altered form of the anterior chamber. The exudate, as it shrinks, draws 
the iris everywhere up to the anterior surface of the lens, so that the pos- 
terior chamber is completely obliterated. The anterior chamber is hence 
proportionally deeper, above all at the periphery, where the iris is displaced 
farthest backward [b, Fig. 173]. 

3. Exudation into the vitreous appears under the form of opacities of 
the vitreous, which can be made out with the ophthalmoscope if the con- 
dition of the refracting media permits. Moreover, they manifest themselves 
by a corresponding diminution of the vision. In severe cases, an exudation 
of large size is present in the anterior division of the vitreous (s, Fig. 173), 
and under favorable circumstances can be seen with lateral illumination as 
a gray mass behind the lens. The sight is then almost completely abolished, 
and atrophy of the whole eye is subsequently produced by the shrinking of 
the mass of exudation. 

The tension of the eye, which in iritis is usually unchanged, often shows 
an alteration in cyclitis. It is not infrequently found to be elevated in 
the beginning of the cyclitis; indeed, such a great elevation of tension may 
be developed that blindness is produced by it. In the later stages of cyclitis, 
on the contrary, diminution of the intra-ocular pressure is more frequent, 
and is the result of the shrinking of the exudate while in process of organi- 


zation. 


Since the aqueous in irido-cyclitis is more albuminous, it filters os more difficulty 
through the ligamentum pectinatum, especially if the gaps in the latter are partially 
blocked by coagula or leucocytes. In this probably consists the cause of the frequently 
occurring increase of tension. In this case, in consequence of the retention of the aque- 
ous, the anterior chamber is deeper than normal, while in true glaucoma it is shallower. 
The increase of tension in irido-cyclitis is rarely so lasting that the eye would a ane 
by it without an operation; usually the increase of tension is but transient, although it 


may occur repeatedly in the course of the disease. ; 


343. Subjective Symptoms.—Both iritis and cyclitis are associated | 
with symptoms of inflammatory irritation, consisting of ciliary maaan 
photophobia, lachrymation, and pain. The pain is not only situated in the 
adiates to the parts in the vicimity, especially the supra- 
The intensity of the irritative symptoms: is regulated by 
ness with which the case runs its course. Chronic 


eye itself, but r 
orbital region. 


he greater or less acute 
cae in which inflammatory symptoms are wanting altogether, so 
cases 


ye | no tim 1e inful: on the other hand, there are 
h h t no time reddened or paintul; i, 
: ae ec enittis in which the pain reaches an absolutely intolerable 
cas do- hich h 
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pitch and is associated with vomiting and a febrile movement. Sometimes 
the pain sets in with special violence at night (particularly in syphilitic 
iritis and irido-cyclitis). : 
Vision is always diminished through turbidity of the aqueous or 
through exudation in the region of the pupil or in the cavity of the vitreous. 


In recent acute iritis and irido-cyclitis examination of the sight discloses sometimes 
the existence of a moderate degree of myopia, which did not exist previous to the infiam- 
mation, and which, moreover, gradually disappears again after the latter has run its 
course. [This has been attributed to spasm of the accommodation due to irritation of 
the ciliary muscle and to increased refractivity of the aqueous due to exudation. Neither 
explanation is satisfactory. In testing the vision in iritis it is important to remember 
that iritis of this sort may be present and to see if the poor vision found cannot be 
improved by a concave glass of moderate strength; otherwise, we may think that the 
sight is poorer than it really is.—D.] 

In severe cases of irido-cyclitis (especially of sympathetic origin) blanching of the 
cilia on the lids of the affected eye is sometimes observed, 


344. Differential Diagnosis Between Iritis and Cyclitis—We speak of 
iritis if the symptoms enumerated above are present, and there is no direct 
proof of the participation of the ciliary body in the inflammation. That the 
ciliary body is pathologically altered in most cases of apparently simple iritis 
is put beyond a doubt by anatomical investigations. But, since we cannot 
see the ciliary body directly, slight changes in it escape diagnosis. We hence 
make the diagnosis of ¢rido-cyclitis only in those cases in which in addition 
to the symptoms of iritis positive evidences of involvement of the ciliary 
body are also present. This is the case 

1. When the inflammatory symptoms reach a considerable pitch, and 
especially if cedema of the upper lid is associated with them—a thing which 
does not occur in simple iritis. 

2. When the eyeball in the ciliary region is painful to the touch. 

3. When from the presence of a pupillary membrane, of many posterior 
synechie, or of an annular or a total adhesion of the iris to the lens capsule, 
we can infer that the exudation is especially great. 


4. When the disturbance of vision is more considerable than one would 
expect from the opacities within the confines of the anterior chamber. We 
are then justified in inferring the existence of opacities in the vitreous caus- 
ing diminution of vision. 

5. If the tension is altered—either elevated or lowered. 

The participation of the ciliary body in the inflammation of the iris 
makes the disease a far more serious one and renders the prognosis worse. 
Not only is the inflammation more violent, but it induces changes which are 
much more difficult to remedy. The exudates, such as posterior synechize 
and pupillary membranes, produced by iritis in the confines of the anterior 
chamber, may be attacked successfully by operative procedures. But the 
exudates left by cyclitis in the vitreous, so far as they do not become 
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absorbed spontaneously, are in no way susceptible of removal. Severe cy- 
clitis leads to destruction of the eye (atrophy of the eyeball)—a thing that 
never occurs with iritis alone. 

Simple cyclitis* without iritis occurs only in the chronic form. The 
inflammatory symptoms are slight or absent, the iris is of normal appear- 
ance, and the pupil is generally somewhat dilated. The chief symptoms are 
the presence of deposits upon the cornea and opacities in the vitreous. 

345. Course and Termination of Iritis and Cyclitis—With regard to 
the course, a distinction is made between acute and chronic cases. The 
former are associated with marked inflammatory symptoms, but run a 
quicker course. But even in the acute cases—if we except the very slightest 
ones—it takes four weeks or more before the inflammation entirely subsides. 
The first signs of a change for the better in the inflammation are the decrease 
of the injection and of the pain, and especially the prompt action of atro- 
pine, while at the acme of the inflammation the pupil is so spasmodically 
contracted that atropine has little or no effect. 

Chronic cases run their course with few or absolutely no symptoms of 
inflammation. The patients, in the latter case, become aware of the exist- 
ence of their trouble only at a comparatively late period, and then only from 
the increasing disturbance of vision. Chronic iritis (irido-cyclitis and irido- 
chorioiditis) is not infrequently protracted over a course of years. 

Inflammations of the iris and of the ciliary body, often show a great 
tendency to relapse. Formerly the chief cause for the recurrence of the 
inflammation was supposed to lie in the posterior synechie left by the first 
attack of iritis. It was believed that in the constant movement of the pupil 
traction was continually made upon the iris at the places of adhesion, and 
thus a new source of inflammatory irritation was provided. But it has been 
demonstrated that relapses are to be apprehended only in certain cases of 
posterior synechie. If, for instance, anybody has had an ulcer of the cor- 
nea, and, as a result of it, an iritis from which there are some synechize 
remaining, he need never fear having a relapse of his iritis. But. another 
man who has got synechie as the result of an iritis with a constitutional 
basis (e. g., a syphilitic or rheumatic iritis) can very readily have recur- 
rences. We hence conclude that what produces the recurrences is not the 
synechie, but the continuance of the same constitutional cause that was 
accountable for the first attack of iritis; and, as a matter of fact, we some- 
times see a syphilitic patient suffering from a recurrence of his iritis even 
when the first attack has got well without leaving any synechize ; or we see 
a recurrence affecting, not the eye that was previously diseased but the 
other eye which has hitherto been sound. The recognition of the fact that 


one or two synechie are in themselves of no great significance has had an 


important practical result: the numerous operative methods designed for 


the division of synechiz have now been entirely given up. 


2The serous iritis of authors. 


' 
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Recurrences of iritis are often less severe than the primary inflamma- 
tion; but, as they are pretty frequently repeated, and as they leave a new 
exudate after them each time, they ultimately lead to serious changes, such 
as seclusio and occlusio pupille. 

346. Favorable Outcome.—The outcome of inflammation may be a 
perfect cure in light cases. The synechie rupture, leaving behind tags of 
pigment attached to the anterior capsule, which are unproductive of injury 
to the eye. The hypopyon disappears by resorption. The deposits gener- 
ally persist for a long time (for months), until they also are removed by 
resorption. In many cases they leave at the spot where they were situated 
a permanent opacity of the cornea in the shape of a gray speck, or the pig- 
ment that is contained in them remains permanently as a black dot. The 
slighter vitreous opacities may all disappear completely by resorption. 

347. Sequelz.—In most cases, however, permanent sequel remain 
after iritis and cyclitis. These are posterior synechie, pupillary membrane, 
exudates between the iris and lens and in the vitreous, changes in the cornea, 
and opacity of the lens. 

348. (1) Posterior Synechiea.—These are the most frequent of the 
sequelee of iritis. If only a few are present, they cause no special injury to 
the eye, and also produce little or no 
impairment of sight. Very much worse 
is the annular posterior synechia or 
seclusio pupille. By this the communi- 
sation between the anterior and the 
posterior chamber is obliterated. The 
aqueous secreted by the ciliary proc- 
esses can no longer pass through the 
pupil into the anterior chamber; it 


< 


Fia. 174,—PROTRUSION OF THE IRIS IN 
Sucuusio Purinua. hence collects in the posterior chamber, 


After Czermak-Elschnig.—The figure also soe ots baeAe. 
shows the method of performing transfixion of PreSSINng the iris forward. A hump- 


the iris (see 2 858). ° ex 
: shaped protrusion of the iris is thus pro- 


duced, which finally reaches as far forward as the cornea, while the pupil is 
represented by a crater-shaped retraction of the pupillary margin which is 
attached to the lens capsule (Figs. 172 and 174). In consequence of being 
so greatly stretched, the iris becomes atrophic. To this condition elevation 
of the intra-ocular pressure (secondary glaucoma; see § 459) is added. The 
increased hardness of the eye can be established by palpation; the anterior 
ciliary veins are dilated; the cornea is dull and less sensitive to touch; the 
sight fails, with a decrease in the field of vision starting from the nasal side, 
until at length the perception of light is entirely abolished. Then the forma- 
tion of scleral ectasixw takes place in the blinded eye in the shape of anterior 
and equatorial staphylomata of the sclera. Seclusio pupille, accordingly, if 
it is not remedied in time, infallibly leads to blindness. 
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The protrusion of the iris in seclusio pupillz does not take place uniformly, but 
with the formation of projecting prominences separated by constrictions. The latter 
represent the more resistant, radial fibers which do not give way before the pressure of 
the aqueous until afterward. The condition in which the iris is found protruding in a 
greater part of its circumference, while one sector of it remains in its normal situation, 
is generally referable to the fact that at this spot an adhesion of the surface of the iris to 
the lens exists, preventing its protrusion (Figs. 179 and 180). It would, therefore, be a 
mistake to select just this spot for performing an iridectomy, although on other accounts 
it would seem to be very suitable for such a purpose, because of the greater depth of 
the chamber there. If the iris has been pushed forward as far as the cornea, it may 
become agglutinated to the latter in places, and in this way anterior synechie may be 
produced without there having ever been a perforation of the cornea (see page 317). 

When in a case of seclusio pupille the iris is pushed forward as far as the cornea, 
there is not, for all that, a complete abolition of the anterior chamber, the latter being 
still present in the region of the pupil. It is otherwise in those cases in which the seclusio 
pupillz has been produced not by irido-cyclitis, but by inclusion of the whole pupillary 
margin in the orifice of a corneal perforation due to ulcer or injury. In this case the 
liquid which accumulates in the posterior chamber pushes the iris in actually its whole 
extent against the cornea so that all traces of the anterior chamber vanish. Afterwards 
the iris becomes agglutinated to the cornea and ultimately becomes so atrophic as a 
result of the increase of tension that only its retinal pigment is left to cover the posterior 
surface of the cornea—a state of things which is particularly often met with in staphy- 
lomata of the cornea (see page 325 and Figs. 122-124). Finally complete abolition 
of the anterior chamber is produced in rare cases because the lens together with the 
iris is pressed against the cornea as a result of a tremendous increase of tension in the 
vitreous cavity (glaucoma malignum, intra-ocular tumors). In all the cases above 
cited of abolition of the anterior chamber the intra-ocular pressure is increased. In 
this fact lies a diagnostic sign distinguishing them from other cases of absence of the 
anterior chamber, in which the intra-ocular pressure is found to be diminished. To these 
latter cases belongs abolition of the anterior chamber due to leakage of the aqueous, 
either outside through a wound or fistula or into the suprachorioidal space in detach- 
ment of the chorioid ( § 427). Furthermore, the iris and lens may be pushed forward 
by a cyclitic membrane situated behind the latter, in which case, too, the eye is softer 


than normal. 

349. (2) Pupillary Membrane (Occlusto Pupille).—This causes an inter- 
ference with vision, the degree of which depends upon the thickness of the 
membrane. wae : 

350. (3) Exudates behind the Iris—These lie either between the iris 
and the lens (forming a flat or, when of greatest extent, a total postertor 
synechia) or between the ciliary body and the lens and upon the posterior 
surface of the latter. In severe cases they form a coherent fibrous mass 
which completely envelops the lens, and which, on account of its BOUCIEY 
is called the cyclitic hull (s, Fig. 173). This has a great tendency to sean: 
In total posterior synechia there is evidently no hump-shaped ye usion 
of the iris—on the contrary, the anterior chamber in the beginning is usU- 
ally deep at the periphery owing to the retraction of the iris (6, Be ie 
Afterward, when atrophy of the eye sets in, the anterior aipiniee? : ten a 
comes shallower again, because iris and lens together are pushed forward. 
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351. Either the repeated recurrences of an acute iritis or the sluggishly 
progressing chronic inflammations may lead ultimately to atrophy of the 
iris. This is characterized by a bleached-out, gray, or grayish-brown aspect 
of the iris (resembling gray felt or blotting paper); the delicate markings 
of the anterior surface have disappeared, and in their stead dilated vessels 
can often be recognized as reddish blotches upon the surface of the iris. 
The pupillary margin is thinned down, often looking as if it had been f rayed 
out; the reaction of the iris is diminished or altogether lost. The great 
friability of the atrophic iris often renders the correct performance of 
iridectomy impossible. 


Atrophy of the iris may set in: (1) As a result of long continued or frequently 
recurring inflammation. (2) In consequence of increase of tension. Here the main 
agent is the compression of the blood-vessels at the root of the iris, which is pushed 
away from the ciliary body and against the sclera (Figs. 215 and 216). The atrophy 
often develops quickly—in attacks of inflammatory glaucoma, sometimes within a few 
days. (3) In consequence of iridodialysis, as the result of which the vessels running 
from the circulus arteriosus iridis major to the iris are ruptured. (4) In consequence of 


Fie. 175.—Gars IN THE IRts. Magnified 2X 1, 

Left eye of a girl who as the result of hereditary lues had become affected in the first year of her 
life with a bilateral irido-cyclitis with seclusio and occlusio pupille. Up to the age of six the girl was 
almost blind; then owing to the spontaneous formation of gaps in the iris of both eyes the sight improved 
to such an extent that she was able to go to school. At the age of twenty-two she suffered from a bilat- 
eral parenchymatous keratitis. In the membrane which closes the pupil are visible two thin spots 
appearing as black gaps. On the nasal side the stroma of the iris has disappeared to such an extent 
that there are left of it only a few gray ridges corresponding to the larger vessels, which run from the 
ciliary border to the region of the sphincter of the iris. Between these ridges the iris looks black either 
because the retinal pigment is exposed to view or else because it is absent altogether. In the places 
where the pigment is absent we can look right into the interior of the eye with the ophthalmoscope. 
The rest of the iris is to a moderate extent atrophic and its radiating fibers are tensely stretched. 
traction. This occurs when the iris is attached both at its ciliary and at its pupillary 
border, and the distance between these two points gradually increases. This is most 
frequently observed when the iris is incarcerated in a sear of the cornea, and subsequently 
this scar or the entire eyeball becomes ectatic. So, too, stretching of the iris occurs 
when the pupillary margin of the iris becomes attached to the capsule of the lens in 
childhood as the result of iritis, and later on, with the growth of the eye the distance 
between the ciliary and pupillary margins increases (Fig. 175). (5) In consequence 
of a too thoroughgoing absorption; for example, when swelling fragments of the lens 
he upon the iris and are gradually absorbed—a process, the result of which sometimes 
is that at the spot where the fragments are situated a portion of the iris tissue also 
disappears. (6) In advanced age. 

rhe appearance of the atrophic iris likewise varies, as follows: (1) After inflam- 
mation and increase of tension the iris is like gray blotting paper, since owing to the 
shrinking it has become flat and hence has lost its delicate relief, and since furthermore 
the pigment of the stroma in great part has been destroyed. For this reason, too, a 
brown iris by atrophy becomes gray. (2) As a result of a circumscribed effacement of 
the stroma pigment, light colored or even white spots are formed in the iris (in glau- 
coma and after absorption of lens fragments). There are cases in which the iris has 
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numerous little white spots on its anterior surface (vitiligo iridis). Since the first case 
which Miiller described in my clinic I have seen several others. In all thése cases the 
patients had had variola, which without doubt must be regarded as connected with 
the spotty atrophy of the iris stroma. (3) Black spots form, when not only the stroma 
pigment but also the stroma itself has disappeared, so that the retinal pigment layer 
lies exposed. (4) If the latter also is destroyed, complete gaps are formed in the iris. 
We can then throw light through these with the ophthalmoscope, and the patient, too, 
ean see through them, thus regaining vision when previously he was blind because of 
closure of the pupil proper (Fig. 175). If the atrophy affects the root of the iris, which 
is a specially thin part even when the iris is normal, a spontaneous iridodialysis is pro- 
duced (§ 390). (5) Diminution in size of the iris always occurs in conjunction with 
atrophy of the latter, when the pupillary margin is not so attached to the capsule that 
such a diminution in size would be prevented. In glaucoma the iris may become so 
small as to disappear either in part or altogether, because it is concealed behind the 
limbus. (6) When the pupillary margin is free, the shrinking iris stroma usually draws 
the retinal pigment layer gradually over upon the anterior surface. The brown rim 
lining the pupillary margin hence becomes progressively broader (ectropion of the pig- 
ment layer, Fig. 216, e). 

The dilated vessels that are frequently visible in the atrophic iris have quite often 
a course that does not in any way correspond with the regular radial arrangement of 
the normal vessels of the iris. As a matter of fact, vessels of this sort, as anatomical 
examination shows, do not lie in the iris itself, but in a thin exudation membrane de- 
posited upon it. Often they extend over the pupillary border into the pupil, i.e., into 
the pupillary membrane. 


352. (4) Exudates in Vitreous —The exudates which lie behind the 


_lens in the vitreous (c, Fig. 176) cause by their contraction a diminution of 


volume of the vitreous; the eyeball then becomes softer. The shrinking of 
the vitreous (g, Fig. 176) results in detachment of the retina (r) from the 
chorioid; in part also this detachment is produced by direct traction, 
since the hull of cyclitic membranes as it shrinks attaches itself to the 
inner surface of the retina and draws it out of its bed. In consequence 
of the detachment of the retina, complete blindness ensues. This state 
of things, consisting of diminished tension of the eyeball, with decrease 
in its size and with complete blindness, is known as atrophy of the eyeball. 
An atrophic eyeball presents the following picture: The whole eye is 
smaller and of slightly quadrangular shape. This is because the four 
recti muscles, stretching across the equator of the eyeball, press the sclera 
in somewhat at this spot, and hence produce flattening of the four sides. 
With the higher degrees of atrophy quite deep furrows are formed, so that 
the eyeball has the form of a bale of goods grooved by the cord with which 
it is tied. The cornea is smaller, often opaque and flattened ; at other 
times, again, transparent, but abnormally protuberant or wrinkled. The 
atrophic iris is either pressed quite against the posterior surface of oe ~~ 
nea, or an anterior chamber still exists. In the latter Sen find the 
chamber bounded behind by a firm diaphragm in which the iris, which is 
‘mbedded in the hull of exudate, is often but indistinctly recognizable. 
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If the pupil is still distinguishable, a membrane and the opaque lens are 
found in it. The eye is softer, and is often sensitive to the touch. In the 
later stages markedly hard spots (ossified exudates) may sometimes be 
felt through the sclera. 

Atrophy develops gradually during a course of months and years. 
The inflammation and the pain, which have been present for a long time, 
disappear when the atrophy is complete. But even then*secondary attacks 
of pain occur, especially if the eye harbors a foreign body, or if ossification 
of the exudate takes place. 


Fie. 176.—ATROPHY OF THE EYEBALL. (In part after Wedl-Bock.) 


The eye is smaller and of irregular shape, chiefly from the grooving of the sclera, S, behind the 
points of attachment of the ocular muscles, the rectus internus, ri, and the rectus externus, re. The 
cornea, C, is diminished in size, flattened, and wrinkled, especially on its posterior surface. At its inner 
border it bears the depressed cicatrix, N, which was produced by the injury. The anterior chamber 
is shallow; the iris, 7, is thickened and forms an unbroken surface, because the pupil is closed by exu- 
date. Behind the iris lies the shrunken lens, 7, and behind this is the great hull of cyclitie membrane, 
c, the shrinking of which is the cause of the atrophy of the eyeball.. By reason of this shrinking, the 
ciliary processes, the pigment layer of which has markedly proliferated, are drawn in toward the center 
and, together with the adjacent chorioid, ch, are detached from the sclera; between the two structures 
are seen the disjoined Iumellw of the suprachorioid membrane, a. The retina, r, is detached and 
folded up.into a funnel, which incloses the remains of the degenerated vitreous, g. The subretinal space, 
8, is filled with a fluid rich in albumin. The optic nerve, o, is thinner than normal and is atrophic: 


353. (5) Opacity of the Cornea.—The cornea in marked irido-cyclitis 
is always somewhat dull; moreover, it may suffer from deeply situated 
infiltrates (keratitis pustuliformis profunda, see page 302), from the 
deposition on it of exudate (deposits, hypopyon), or from the contact 
of the iris, which when lasting a long time produces corneal opacity (page 
301). In the stage of atrophy of the eyeball a zonular opacity frequently 
forms upon the cornea. Keratitis bullosa and vesiculosa also often make 
their appearance in eyes which are blinded by irido-cyclitis. 

354. (6) Opacity of the Lens—This develops in consequence of the 
disturbed nutrition of the lens. If merely a few synechie are present, it 
is rarely observed; on the other hand, it is observed with proportionately 
great regularity when seclusio pupillz has existed for a long time, and par- 
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ticularly so in those severe cases in which the lens is completely swathed 
in cyclitic exudates. Such a cataract is denoted as cataracta complicata 
or cataracta accreta (= grown fast to—i. e., grown fast to the iris). In 
atrophic eyeballs the lens is always opaque, and generally shrunken as well. 

355. Morbid Anatomy. (1) Irido-cyclitis Inflammation of the 
uvea is generally produced by ectogenous or endogenous infection (see 
pages 33 and 36).* ’ 

(1) Ectogenous Infection—Our best information with regard to the 
anatomical changes is derived from the cases of ectogenous infection pro- 
duced by a perforating injury, because such cases most often come to enu- 
cleation and consequently to anatomical investigation. It is these cases, 
therefore, that we shall consider first. The clinical and anatomical picture 
of inflammation produced by the injury varies according as its starting 
point is in the anterior or posterior division of the eye, that is, the aqueous 
chamber or the cavity of the vitreous. 

356. (a) Changes in Anterior Chamber.—When an infection has taken 
place in the region of the aqueous chamber, either from the introduction of 
the bacteria into the aqueous or into the tissue of the iris and ciliary body, 
the inflammation breaks out first in these two structures. 


The iris is thickened, its blood-vessels distended. In its tissue lie uninuclear and 
multinuclear leucocytes in great abundance, and also a few red blocd corpuscles; in 
particularly severe infection the tissue is permeated with extensive extravasations of 
blood and is often to a large extent necrotic. In the ciliary body it is mainly the lax 
tissue which adjoins the sinus of the anterior chamber that is infiltrated with leucocytes; 
and when the infiltration is great this tissue often can scarcely be differentiated from 
the hypopyon. From the inflamed tissue the exudate migrates into the aqueous cham- 
ber; the endothelial membrane, which lines the sinus of the chamber and the iris, 
being at the same time exfoliated. The exudate coagulates on the surface of the 
iris, forming a layer which consists of a delicate network of coagulated fibrin, which 
encloses leucocytes in varying amounts (Fig. 164). This coating of fibrin extends, on 
the one hand, within the pupillary area over upon the anterior capsule (Fig. 165), and, 
on the other hand, it often also covers the posterior surface of the cornea (Fig. 170). 
The aqueous chamber may even be entirely filled by such an exudate (Fig. 177). The 
more severe the inflammation is, the more leucocytes the exudate contains, and the 
hypopyon consists almost exclusively of leucocytes. 

In less severe cases in which we have to do with an exudate of a more fibrinous 
character, the latter may disappear without leaving a trace or may lead to only a par- 
tial adhesion of the iris to the lens capsule. In severe cases the exudate becomes organ- 
ized into connective tissue. The iris is then covered by a connective-tissue pellicle (Fig. 
166), which is often quite thick and not infrequently contains new-formed vessels, which 
have grown from the iris into the membrane. The surface of this pellicle is sometimes 
covered by a new-formed lamina vitrea which at the angle of the chamber becomes 
continuous with Descemet’s membrane. From the surface of the iris the iritic mem- 
brane, crossing the pupillary margin which is solidly adherent to the lens capsule, passes 
into the pupil and closes it up (Figs. 166 and 167). The organized exudate often glues 
the periphery of the iris to the cornea and may also in places cover the posterior surface 
of the latter. The iris itself gets to be atrophic. It is thinner and its lax reticulate 
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tissue is transformed into a rigid fibrillary connective tissue. The gracefully branched 
chromatophores are in large part changed to thick round cells filled with coarse pigment 
granules (Fig. 164). The blood-vessels have thickened walls of a hyaline appearance, 
and many are quite obliterated. The sphincter pupille and the retinal pigment offer 
the longest resistance to the atrophy. 

As an addendum to the description of the exudation in the region of the anterior 
chamber, mention may be made here of the precipitates, although these do not occur at 


Fic. 177.—I nipo-cycuitis AFTER PERFORATING INsuRY. Magnified 30 X 1. 


The cornea, C, and the sclera, S, are unchanged. Owing to the fact that the aqueous is rich in 
fibrin, and hence is coagulated by the hardening fluids used, the anterior chamber, A, is filled with a 
dense network of fibrin, in which lie isolated round cells (emigrated white blood corpuscles). These 
round cells are particularly numerous upon the surface of the iris, and above all in the sinus of the eham- 
ber; in fact, they fill the sinus completely, and form in it a low hypopyon which was visible in the living 
eye. A marked cellular infiltration can be seen surrounding Schlemm’s canal and the cross sections of 
the anterior ciliary veins situated above the canal. The iris, J, appears broadened, as seen in cross 
section, this appearance corresponding with the swelling which existed in the living eye. Its vessels are 
dilated, and are distended with blood. In its stroma, particularly in the posterior layers, there are cells 
visible in great numbers; its retinal pigment layer is thickened and loosened. The greatest emigration 
of cells has taken place from the blood-vessels of the ciliary body, the direction pursued being a cen- 
tripetal one—i. e., toward the interior of the eye. Hence the infiltration in the ciliary muscle, M, is 
but slight, in the ciliary processes, P, it is rather more pronounced, and upon the surface of the latter 
it is the most marked of all, so that the outer limits of the processes are concealed by the dense masses 
of cells. The hyaloid membrane, H, is pressed away by the exudate from the surface of the ciliary 
body. The contents of the posterior chamber, like those of the anterior, are formed ot a fine network 
of fibrin with leucocytes imbedded in it, these latter being formed in specially large numbers along the 
hyaloid membrane. Two of the groups of fibers composing the zonule of Zinn are seen under the form 
of light-colored bands, passing through the coagulated contents of the posterior chamber to the lens 
mi The latter displays the epithelium of its anterior capsule and the nuclear ring and shows no morbid 
change. 


all in acute inflammation due to a perforating injury, and at most oecur only when such 
an inflammation runs a chronic course (iritis traumatica serosa). On the other hand, 
they are an almost constant occurrence in chronic non-traumatic inflammations of the 
iris and ciliary body. Hence precipitates and hypopyon, which is an accompaniment of 
acute inflammation, are not usually found together. The precipitates are conglomerates 
of round cells, many of which contain pigment granules, thus showing their origin from 
the uvea (Fig. 170, P). The precipitates lie on the endothelium of Descemet’s mem- 
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brane, which at the outset is perfectly normal, and not till later on undergoes destruc- 
tion beneath the accumulations of cells formed by the precipitate (Fig. 170, e). By 
many authors the term iritis serosa is used for the cases of uveitis that are associated 
with precipitates. But this name ought to be rejected, for the precipitates are certainly 
not a serous exudate, and those cases in which there is formation of precipitates and in 
which changes in the iris itself are not appreciable should not be called iritis at all, but 
eyclitis (page 407). 


357. (b) Changes in Posterior Chamber—The more severe the irido- 
cyclitis, the more does the tissue that lines the postexior chamber share in 
the inflammation. 


Then it is above all the ciliary processes and mainly the most superficial portions 
of their tissue that are infiltrated with emigrated leucocytes. The exudate that comes 
out on the surface detaches the two retinal layers of the ciliary processes and covers the 
surface of the processes (Fig. 177). : 

The exudate poured out into the posterior chamber afterwards becomes organized 
mto the cyclitic membranes, which form solid adhesions between the lens on the one 
hand and the iris and ciliary processes on the other (Fig. 173). The ciliary processes 
which are imbedded in the membranes become atrophic; on theirsurface the unpigmented 
and the pigmented layer of the retinal lining undergo proliferation, and send long rows 
of cells into the firm connective tissue of the membrane, which, moreover, contains new- 
formed vessels emanating from the ciliary processes. The lens gradually becomes 
opaque. If the lens capsule is injured either as a result of the traumatism itself or later 
as a result of its destruction by the exudate that presses against it, the lenssubstance 
disintegrates and gradually disappears and the exudate enters the capsular sac. This 
exudate here, too, becomes organized to form connective tissue, and may ultimately 
become ossified, so that the picture—to be sure, only an apparent one—of ossification 
of the lens is produced. The cyclitic membrane is often extremely tough, so that it 
grates when cut through; not infrequently it contains small lamine of bone. Owing to 
its contraction, the ciliary processes are elongated more and more and are drawn into 
the interior of the eye. This constant traction upon a tissue, so richly supplied with 
nerves, is one of the causes of the constantly present or constantly recurring pain that 
distresses the patient in so many cases of old irido-cyclitis. 


358. (c) Changes in the Vitreous.—Since that surface of the ciliary 
body which looks backward and inward adjoins the vitreous and is sepa- 
rated from it only by fibers of the zonula, it is easy to understand that in 
case of severe inflammation leucocytes will pass from the ciliary body into 
the vitreous. So in many cases in which the infection at first has affected 
oniy the aqueous chamber, it happens that later the vitreous cavity is also 
attacked by the inflammation. In other cases the inflammation begins in the 
vitreous cavity, this occurring when the agents causing the inflammation 


have been introduced into the latter first. 

These agents act primarily on the surface of the membranes that line the ee 
cavity, i. e., the ciliary body and retina. The superficial layers of the saetd a y me 
densely infiltrated, while the ciliary muscle which lies deeper i ceara" Ht : ttle 
changed. An exudate lies on the surface of the ciliary body (Fig. , » b) and from 


it extends into the saucer-shaped depression between the lens and vitreous. In the 
retina, too, itis primarily the inner layers that are infiltrated with emigrated leucocytes, 
? ? 
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‘these being particularly aggregated about the retinal veins which they surround with 
dense envelopes consisting of cells (purulent retinitis). The optic nerve-head is also 
swollen and infiltrated. From the retina the exudate passes out upon its inner surface, 
which in severe cases is often covered to a large extent with a layer of pus (Fig. 178, c). 
Very soon the infiltrated retina wrinkles (in Fig. 178 at a point near the outer margin 
of the optic nerve) and becomes detached over a progressively larger area. The infil- 
tration of the retina and of the papilla and the detachment of the retina account for the 
rapid diminution and ultimate extinction of light perception in the cases in which 
the inflammation gets a foothold in the vitreous cavity.* 

The chorioid is protected primarily by the retina against the action of the inflam- 
matory agents that are present in the vitreous. If the retina becomes detached early, so 
that now subretinal liquid separates the chorioid from the inflamed retina, the chorioid 
may remain exempt from severe inflammation. If, on 
the other hand, the retina remains for a long time 
lying on the chorioid, the inflammation passes over 
to the latter; and the same thing happens when in 
the case of an especially severe inflammation the retina 
in places undergoes necrotic disintegration and the 
inflammatory agents can then act directly on the 
chorioid. The inflamed chorioid is densely infil- 
trated with leucocytes, and a free exudate collects 
both on its inner and on its outer surface. The outer 
exudate lies in the subchorioidal space, and hence 
produces a detachment of the chorioid. 


Fra. 178.—PuRULENT INFLAMMATION 359. Results of Changes in the Vitreous.— 
OF THE INNER COATS OF THE EYE. E ‘ nee ‘ 
HorizoNTAL SECTION. In thecases inwhich the inflammation has been 


Seven days previous to the examina- er] “ 
Sion a picono) dvoa had down inte the confined to the anterior chamber, changes re 


eye of an eighteen-year-old boy as he mM whi 7 3 = eS Ia . 
Sauls a suttk: Taste comes, Pe which indeed are grave but which for the 


there is a perforating wound, a, to q jew r } 
Oe ee Rr eang wound, m0: roost DAF Cam be relieved by operation (§ 386). 


date covers the inner surface of the } r] = eayvityv : 
date overs the inner surface of the But if the vitreous cavity has been the site of 


namely, the ciliary body, 6 b, and the ] ; it j = . 

retina, Ce» From the eiliary body the the inflammation, it is but exceptionally the 

exudate, d, extends over the whole pos- i Ta 1¢ . y ; 7 

as surface of Let aay tare case that the sa a So ae ed, this occurring 
ody and retina are densely infiltrated, ; ‘ itr , es 

Die one ahertel iy meattely Changer: when the quantity of exudate has been so 
Near the entrance of the optic nerve small that it is absorbed entirely except for a 


the retina is beginning to detach under 


the form of two folds. few membranes left behind in the vitreous. 


But, as a rule, owing to the organization of the exudate in the vitreous with the 
subsequent shrinking of the new-formed connective tissue, atrophy of the eyeball sets in. 
The first sign of this is softening of the eyeball, which then gradually becomes smaller. 
If as the result of the injury a, pretty large scar is present in the cornea or sclera, the intra- 
ocular membrane commonly becomes connected with this and, when it contracts, 


* Hence, the way in which the light perception behaves is our most important guide for estimating 
the changes in the vitreous cavity, since such changes ordinarily are not directly visible. It is also 
decisiye with regard to the question of enucleation, the latter being indicated as soon as the light 
perception is extinct. It is true that when such enucleated eyes are opened it is often found that the 
retina and optic nerve do not display the grave changes that we expect to find. Even then, however 
the microscope shows serious changes in the optic nerve, such as disintegration of the nerve fibers, 
which may occur even when the inflammation in the posterior segment of the eye is otherwise quite 
insignificant. In other cases of this sort the optic nerve, even under the microscope, is found to be 
nearly normal. This agrees with the clinical fact that in many cases in which enucleation is not per- 
formed the light perception which has been almost lost is restored. It is conjectured that in these cases 
the diminution of light perception is caused by paralysis of the retina and of the optic nerve, poisonous 
substances (toxins) penetrating into these parts by diffusion from the exudate in the vitreous, 
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causes an indrawing of the scar—a condition: which is recognized as one of the first 
clinical manifestations of beginning atrophy of the eye. When the eye gets very much 
diminished in size the sclera becomes f urrowed ; one furrow in particular is formed running 
around the eye behind the attachments of the recti_ muscles (S, Fig. 176). The con- 
sequences entailed by the shrinking of the new connective tissue become noticeable in 
the interior of the eye even sooner than they do exteriorly. This connective tissue draws 
up to it first the retina, which is readily movable anyhow and is already detached, and 
afterwards the ciliary processes and through these the anterior portion of the chorioid. 
Ultimately there is formed in place of the vitreous a small-sized mass of tough connec- 
tive tissue, bounded in front by the lens, which is usually opsque and shrunken, and by 
the iris, which is joined to the lens. These two latter structures are sometimes driven 
forward, sometimes drawn backward, the anterior chamber being thus either abnor- 
mally shallow or abnormally deep. The former condition results when the cyclitie 
membrane, which originally was concave anteriorly, is stretched into a plane by the 
process of shrinking; the latter condition develops when the shrinking makes its influence 
felt more in a direction from before backward. Laterally the cyclitic membrane is 
bounded by the ciliary processes, behind by the wrinkled retina. Beneath the latter is 
a transudate which is rich in albumin and often contains blood. A similar liquid is 
found beneath the chorioid between dissevered lamelle of the suprachorioid. The 
chorioid itself is often but little changed. If, however, it has participated to a rather 
large extent in the inflammatory process, an organized exudate forms upon its surface. 
Subsequently ossification often occurs in the chorioid or in the exudate lying upon it, so 
that in atrophic eyes there are found here sometimes scattered lamine of bone, some- 
times a thin plate of bone of quite large size lining the posterior portion of the eyeball. 


360. Suppuration in the Vitreous in Ectogenous Inflammation.—In the 
severe cases, the exudate consists simply of pus and is incapable of under- 
going organization. 

Here, too, there are different degrees of inflammation according as the suppuration 
is circumscribed or extends over the whole vitreous cavity. Thus in the case represented 
in Fig. 179 there is a circumscribed suppuration in the vicinity of a foreign body that 
had penetrated into the eye, while in the case shown in Fig. 180 the vitreous is completely 
replaced by pus. If the anterior division of the eye is still so transparent that a look 
into the deeper parts is possible, we can in making our clinical examination recognize 
a yellow reflex behind the lens (‘‘abscess of the vitreous’’). 4B his afterward becomes 
enveloped in a connective-tissue membrane which is connected with the ciliary process 
and the retina, so that these structures are drawn more and more into the interior of 
the eye as this membrane progressively shrinks. In these cases too the outcome is as a 
rule atrophy of the eyeball. — 

The most severe cases in their course are those in which suppuration invades the 
sclera. This occurrence is clinically recognizable from the fact that by the inflammation 
of the sclera an inflammatory cedema of the adjacent cellular tissue of the orbit is pro- 
duced which causes exophthalmus. Ultimately the pus-soaked sclera disintegrates 
altogether at one spot and the suppurating contents of the eyeball are discharged exte- 
riorly (panophthalmitis, § 423). The eyeball then rapidly shrinks until nothing is left 
of it but a small stump (phthisis bulbi). Phthisis is to be distinguished from atrophy, 
or the gradual diminution in size of the eyeball occurring after irido-cyclitis. In 
the diminution in size keeps within moderate bounds, while in phthisis the 


we An atrophic eyeball is often 


eyeball may be reduced to the size of a hazel nut or less. eyel 
the site of repeated inflammation and may also give rise to sympathetic disease of the 


other eye; a phthisical eyeball generally remains quiet and entails no danger for the 
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other eye. Hence an atrophic eyeball ought generally to be enucleated, while a phthisi- 
cal stump can usually be left. 

Both in atrophy and in phthisis the optic nerve becomes subsequently altogether 
atrophic, so that finally it forms a thin strand consisting simply of connective tissue. 
This takes place in obedience to the general law that nerve trunks atrophy when their 
terminal expansions are destroyed (ascending atrophy). 


Fie. i179. 


Fic. 179.—Asscrss oF THE ViTREOus. HorizonTat Section. A perforating injury had been 
produced by a piece of iron in the upper and inner quadrant of the sclera. When the patient pre- 
sented himself five days afterward there was irido-cyclitis with hypopyon and a gray refiex behind the 
Jens, and the tension of the eve was somewhat elevated. In the course of the treatment the irido- 
cyclitis improved, but the deep reflex increased and became yellow. The tension of the eye sank below 
the normal and the perception of light was abolished. On this account the eye was enucleated five 
weeks after the injury. The site of the wound in the sclera is not included in the section here repre- 
sented. As a result of the iritis there is on the temporal side an adhesion of the pupillary margin to 
the lens capsule, with a hump-like protrusion of the iris. On the nasal side the iris is adherent over 
its entire posterior surface to the lens capsule and to the exudation membrane which fills the posterior 
chamber. Hence it does not protrude. A cyclitic membrane, a, is also visible on the temporal side 
(really it runs all the way round, lying on the ciliary body), and on the temporal side it connects the 
ciliary body with the margin of the lens. By the traction produced by this membrane the ciliary body 
and in part also the chorioid have been detached from the sclera; on the nasal side, the detachment of 
the chorioid extends particularly far backwards. There is, furthermore, a detachment of the retina 
extending from the ora serrata to the papilla, The latter on account of its being markedly swollen 
extends far into the vitreous cavity. ‘The lens is opaque and has a depression at b on its posterior 
surface, because the lens capsule had been injured in this spot by the foreign body and hence the pos- 
terior cortex of the lens had been to a certain extent absorbed in this situation. Close to this spot there 
lies in the vitreous the inspissated mass of pus, ec The latter is separated by a delicate membrane 
from the adjacent vitreous which is scarcely infiltrated at all. It is this abscess of the vitreous that 
gave the deep yellow reflex. 

Fie. 180.—Asscrss OF THE VITREOUS. VERTICAL SEcTION. The patient had suffered a rupture 
of the cornea from the thrust of a cow’s horn, The rupture ran through the middle of the cornea. 
Inflammation set in and the eye became softer, lost its perception of light, and was, therefore, enu- 
cleated one month after the injury. The cornea at a has an indrawn depression, corresponding to the 
scar at the site of the rupture. The scar is continuous behind with an exudation membrane, bb. This 
membrane which is a product of the inflammation of the ciliary processes encloses the remains of the 
lens and forms a tough diaphragm separating the aqueous chamber from the vitreous cavity. At its 
upper side, o, the iris is adherent by its pupillary margin to the exudation membrane but on its posterior 
surface it is free and hence is driven forward by the accumulated aqueous. Below, at u, the iris is 
adherent by its whole posterior surface to the exudation membrane. Behind the membrane les a 
large abscess of the vitreous which is shut in by the membrane in front, by the retina behind. The 
retina is everywhere detached and where it bounds the abscess is thrown into many folds. The chorioid 
remains attached everywhere 


361. Clinical Types of Ectogenous Inflammation.—The clinical desig- 
nations for the types of inflammation described above, which, moreover, 
present all possible combinations and transition forms, are as follows:— 

The cases in which the main clinical feature is the inflammation of the 
anterior division of the eye, and which terminate in organization of the 
exudate, are known as plastic irido-cyclitis. When the exudate is purulent 
we speak of a purulent irido-cyelitis or, if the suppuration is in the vitreous 
cavity, of a purulent irido-chorioiditis. If the suppuration in the vitreous 
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becomes encapsulated, we call it an abscess of the vitreous or a hyalitis; if 
the pus breaks through we call the condition panophthalmitis. 
These terms are not quite proper if we have regard to the anatomical findings, and 


it would accord best with the latter if we should call the inflammation of the inner coats. 
of the eyes that is produced by infection an endophthalmitis septica. 


362. Changes in Sympathetic In flammation.—A special variety of ectog- 
enous infection is that which underlies sympathetic inflammation (page 429). 
While in the ordinary cases of infection the exudation on the free surface 
of the coats of the eye plays the chief part, here the main thing is an infil- 
tration of the tissue itself, which, moreover, is of a peculiar kind. 

In the exciting‘ eye (that is the one which was injured and is the first affected) we 


find the uvea distended with densely crowded lymphocytes and plasma cells. In most 
cases there lie in the midst of this uniform infiltration focal collections of large (epithe- 


* INFLAMMATION Propucine SympaTHETIC OpHTHALMIA. Magnified 2 X 1. y 
Aw SASS sti of age had a detachment of the retina, which devel ees in the sa REAL, 
out any known cause. The eye gradually became blind but it was not till t i yeas ta er bats 
was attacked suddenly by a very severe and painful inflammation, which, iter oe week yee oN 
to the left eye. The latter presented the symptoms of a pever’ symp etic iri PA teal nied 
ee eee pero fe rece oa heat pied ahi through detscheiene of the retina 
i i sarcoma, beginning in the chorioid, first produces bli Ps ; h detachm of the ret. 
ar lade alae necrotic, and thus causes a severe ope aie aries aye aie a ae 
section of the eye shows the iris greatly thickened by an once dense in : abel bee ad pieces 
that is visible in it lies partly in the very numerous giant cells. : i. ee even er zaorees manent 
any sharp line of demarcation into the also thickened ciliary body, an : e la etre hin meee iO 
horioid. Of the retina there is nothing to be seen. Below, atc, the lens lies in contac re ‘ the ¢ ero, 
ee the chorioid is replaced by a mass, d, without distinct structure, which extends t ence rey i 
oO ste ior cavity of the eye and fills a large part of the latter. ‘T his is the necrotic sarcoma. - i ° 
Péltratic f the chorioid passes along a vena vorticosa into the sclera; further back at 6, nodules o 
ee cae but mriconnected with it, lie in the sclera. The pupilis closed by a pigmented membrane. 


The lens is not found in the pupil because it is dislocated into the vitreous. 

lioid) cells which not infrequently have giant cells between them (Fig. 182). Nodules 
ee 2 rm: cy . 7 ais 

are thus produced which often are like tuberculous nodules. This peculiar infiltration 


often is present on only a few spots, so that isolated nodules are seen here and there in 


the iris, ciliary body, or chorioid. In other cases the uvea is occupied by them either 
Sc ; 


largely or wholly and thus often becomes extremely thickened so as to fill, more or oe 
completely, the interior of the eye (Fig. 181 ). Sometimes the riage SNe er es 
its way into the sclera, which is permeated with scattered nodules Pig, 181, b), and in 
this way perforation of the sclera and extra-ocular proliferation may cl Pee 
Up to the present time it has not been possible to demonstrate the presence « 


bacteria in the nodules, Nevertheless there is scarcely a doubt but that here too we 


4[Dr. Fuchs uses se fers “ sy mpathizing,” which by English authors is usually applied to the 
is s uses t ; 8} Z 


eye that is secondarily affected.—D.] 
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are dealing with an affection produced by bacteria, which, however, do not cause acute 
suppuration but, after the analogy of many other bacteria (for instance the tubercle 
bacilli), cause chronic proliferations. This inflammation has the property of being trans- 
missible to the other eye. Of the sympathizing,> that is the secondarily affected eyes, 
only a few have so far been got for examination, but then generally the same peculiar 
changes have been found. 


Fic. 182.—InFLAMMATION CausinG SYMPATHETIC OPHTHALMIA.—DEGENERATED CHORIOID. 

Magnified 100 X 1. z 

Beneath the lamina vitrea can be recognized the lumen of the capillaries, a. The infiltration of 

the chorioid, 6, begins beneath the chorio-capillaris and stops at the suprachorioid, c. d, innermost 

lamelle of the sclera. The chorioid is very densely packed with lymphocytes. In the midst of this 

infiltration lies a large focus which on account of its lighter color can be seen even with the naked eye. 

It consists of large pale cells with a large nucleus (epithelioid cells) and of numerous large and small 

giant cells with the typical an ular arrangement of the nuclei. A few giant cells lie outside of the 
focus and in the midst of the infiltration of small cells. 


363. (2) Endogenous Infection—In the cases of endogenous infection 
the inflammatory agents act from the blood-vessels. In metastaticophthalmia 
(§ 424) it is the pyogenic bacteria that so act. The inflammation that they 
produce is allied both clinically and anatomically to the ordinary form pro- 
duced by ectogenous infection. 


A distinetion is found in the fact that in the latter case the inflammatory agents 
act first on the inner surface of the coats of the eye, while in metastatic inflammation 
they start from the blood-vessels, into which they have been carried by embolism, and 
act upon the surrounding tissue. About the embolie spot in the retina or chorioid a 
focus of inflammation is formed which rapidly leads to the formation of pus and to neero- 
tic disintegration of the tissue. From this primary abscess the inflammation extends 
with great rapidity so that in the shortest possible time the whole interior of the eye is 
involved in the suppuration, and the pus soon breaks through to the outside of the eye 
(panophthalmitis). In exceptional cases it happens that the inflammation remains 
confined, the abscess which develops in the retina or chorioid becoming encapsulated, 
and the anterior division of the eye remaining entirely or in large part exempt from the 
inflammation. ‘There can then be seen even on clinical examination the yellow reflex of 
the abscess in the depth of the eye. Such eases are found most often in children after 
infectious diseases (acute exanthemata, epidemic cerebrospinal meningitis); they may 
give rise to confusion with glioma (pseudo-elioma), ‘ 

The emboli which produce a metastatic inflammation are : 


is a rule of a capillary 


® {In the original, “‘sympathiziertes Auge’’ (‘sympathized eye"),—D ] 
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character, and they affect the vessels of the retina more often than those of the uvea. 
The bacteria concerned are the streptococcus, which is the most common—more rarely 
the staphylococcus, pneumococcus, and other bacteria (cf. page 36). 

Metastatic ophthalmia is the severest of the inflammations dependent on endoge- 
nous infection. Those inflammations of the eye which accompany acute and chronic 
infectious diseases (cf. § 364 et seq.) are without doubt in part also due to endogenous 
infection by bacteria, in part perhaps to the action of the toxins which are formed in 
the body. In any case the inflammations thus produced are not so violent and 
destructive as those due to infection by the pyogenicgerms. Theexudation developsmore 
gradually and remains more confined to the tissue itself. The tissue is infiltrated chiefly 
with uninuclear leucocytes, which tend to accumulate about the blood-vessels under 
the form of scattered foci. Thus along with the diffuse infiltration there are formed 
nodular exudates which in the ordinary traumatic inflammations are only exceptionally 
met with. The nodules are generally so small that they are seen only on histological 
examination (Fig. 107), but they may be so large that they are visible clinically (papules, 
tuberculous nodules of the iris). In correspondence with the non-suppurative character 
of the inflammation is its outcome, which is also less serious. Panophthalmitis never 
~ results and even atrophy of the eyeball is a comparatively rare sequel, occurring only 
in particularly severe or in often recurring cases. 

364. Etiology of Iritis and Cyclitis.—lIritis and cyclitis are either pri- 
mary or secondary in their development. In the first case, the original site of 
the disease is in the iris or ciliary body itself; in the second case, there is am. 
affection of neighboring parts, which has been transmitted to the iris and 
the ciliary body (e. g., in iritis with ulcer of the cornea). 

We may classify the inflammations of the iris and the ciliary body with 
reference to their etiology according to the subjoined scheme. In it, as well 
as in the subsequent description, the expression “‘iritis” stands, for the sake 
of brevity, as the representative of iritis, cyclitis, irido-cyclitis, and irido- 
chorioiditis—that is, for all inflammations which affect predominantly the 
anterior part of the uvea: 

1. Iritis syphilitica. 
2. Iritis rheumatica. 
Iritis in con-| 3. Iritis gonorrhoica. 
sequence of |4. Iritis tuberculosa. 
A. Primary general dis-|5. Iritis in acute infectious diseases. 
iritis. eases. 6. Iritis in disorders of metabolism. 


Iritis as a local | 1. Iritis traumatica. 
affection. | 2. Iritis sympathica, 
B. Secondary iritis. 

This classification is evidently not an exhaustive one. There are many 
cases of iritis for which no cause can be discovered and which, therefore, can- 
not be placed under the classification given above. There is no doubt but 
that most of these cases, too, although called idiopathic depend on general 
diseases, especially on anomalies of metal olism, which at present are 
unknown to us [or on obscure infections]. Of the primary iritides the only 
ones that are certainly of a local nature are traumatic and sympathetic iritis. 
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[Iritis, whether primary or secondary, is due, in the great majority of cases, to micro- 
organisms or their toxins. A tentative classification may be made as follows: 


A. Infectious iritis, due to the— 
1. Spirocheta pallida. 
2. Gonococcus. 
3. Staphylococcus and streptococcus. 
4. Tubercle bacillus. 
5. Other organisms. 

B. Metabolic iritis, due to— 

Diabetes, gout, hypothyroidism. 


The so-called rheumatic iritis is apparently due, in nearly all cases, to streptococci 
or gonococci. Moreover, many, and perhaps the majority of cases of iritis occurring in 
metabolic disorders, are probably due tomicro-organisms or toxins, the altered metabolism 
simply lowering the resistance so that infection can take place. Traumatic iritis is 
undoubtedly almost always due to infection. 

It must, however, be admitted that, while nearly all cases of iritis are due to 
infection, the nature of the infection often cannot be made out.—D.] 


365. (A) Primary Iritis—(a) Due to General Diseases. These are 
either infectious diseases (syphilis, etc.) or diseases of metabolism (gout, 
diabetes). In such cases both eyes, although not both at the same time, are 
often attacked by the iritis. In cases where no general disease is discover- 
able, a cold is often accused of being the cause. It is certain that in a man 
predisposed to iritis exposure to cold may start an attack, and recurrences 
of iritis are particularly apt to be caused by it. On the other hand, it is a 
question whether exposure to cold can by itself produce iritis. 

Primary iritis is found mainly in adults; in childhood primary iritis is 
rare. Acute iritis (especially the syphilitic, gonorrhceal, and rheumatic 
forms) more often affects men, chronic iritis more oftenaffects women. The 
forms of iritis that are based on general diseases are: 

366. (1) Syphilitic Iritis—Syphilis is by far the most frequent cause of 
iritis. For the most part, it is acquired syphilis that we have to do with. 
The diagnosis of syphilitic iritis is very easy in those cases in which the char- 
acteristic formation of nodules (iritis papulosa, Fig. 183) is present. The 
nodules have a yellowish-red color, are of the size of a pin’s head or larger, 
and are situated either on the ciliary or the pupillary margin of the iris, but 
never between the two zones in the mid-breadth of the iris. The nodules 
afterward disappear again by resorption without any purulent disintegra- 
tion taking place. At the places where they were situated, broad and firm 
synechi are left, and there is often also a circumscribed atrophy of the tis- 
sue of the iris. At other times no distinct nodules are found, these being so 
small that they lie concealed within the tissue of the iris, but several por- 
tions of the pupillary margin are greatly swollen, or at all events there are 
unusually broad synechize which do not yield to atropine (b, Fig. 171). Fin- 
ally, in many cases iritis syphilitica presents absolutely no characteristic 


\ 
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marks; the diagnosis, then, can be certainly established only by demonstrat- 
ing the presence of syphilis, or by the favorable action of antisyphilitic 
remedies. 

Syphilitic iritis generally belongs to the secondary stage of syphilis. 
It makes its appearance soon after the first eruptions upon the skin (macu- 
lar or papular), for which reason we may compare the nodules in the iris to 
papules or to condylomata, and may designate the iritis as iritis papulosa. 


Fie. 183. Fig. 184. 


Fre. 183.—Iritis Paputosa. Magnified 2 1. In a woman 38 years of age the left eye had 
become inflamed eight days before. The woman was not conscious of having syphilis, and, except 
for some enlarged lymph glands, showed no symptoms of this disease, but her husband states that 
seven months previous he had had a hard chancre and soon after this an eruption. The eye is injected, 
and in the lower part of the cornea there are some minute precipitates. The pupil bas dilated but little 
under atropine; the margin of the pupil in many places is adherent to the iens capsule and is hence 
indented. In the lower quadrant there is situated in the pupillary zone of the iris the yellowish-red, 
not very sharply defined papule which juts somewhat into the pupil. The dark spots at the periphery 
of the pupillary zone are crypts. } 

Fie. 184.—Sypniuitic Tumor or THE CrLiaARY Bopy. The patient, a man thirty years of age, 
acquired syphilis four months ago and got an exanthem one month later. The eye has been inflamed 
for one month. There are universal glandular swellings and a papular exanthem spread over the whole 
body. Of this some efflorescences are visible in the vicinity of the eye. The eye is markedly injected. 
The cornea has some precipitates on it. At its temporal side the margin of the pupil is contracted 
from an arc to a chord, because at this spot the iris is detached from its insertion and pushed towards 
the center. In the area occupied by this iridodialysis there is exposed to view a yellowish-red, vascular 
tumor which belongs to the ciliary body and whose light-colored apex is visible in the pupil. 


In most cases, the time when the iritis first appears is comprised within the 
first year after the infection has taken place. More rarely the iritis breaks 
out in the later stages of syphilis, and is then not associated with the for- 
mation of nodules. In exceptional cases, however, nodules do show them- 
selves in this late form also and they must then be regarded as gummata 
(iritis gummosa). 

Syphilitic nodules occur in the ciliary body as well as in the iris. Of 
the little nodules that come to view on the ciliary border of the iris many 
certainly start from the ciliary body. Larger nodules in the ciliary body 
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push the iris away from the cornea-scleral margin and can also be seen 
behind the pupil (Fig. 184); and they may grow through the sclera, and pro- 
duce perforation and atrophy of the eyeball. 

Iritis also occurs in consequence of hereditary syphilis, although far 
less frequently than after acquired syphilis. The parenchymatous kera- 
titis, which is dependent upon hereditary syphilis, is often associated with 
‘iritis. Sometimes it happens that the iritis becomes, comparatively 
speaking, very conspicuous, while the keratitis attaims but a slight degree 
of prominence; and there may even be iritis without any keratitis what- 
ever. Iritis due to hereditary syphilis is a disease of childhood and youth, 
while iritis resulting from acquired syphilis is usually observed only in 


adults. 
Syphilitic iritis is very frequently associated with diseases of the 


posterior section of the eye—that is, with inflammation of the chorioid, 
retina, and optic nerve. Moreover, it displays a great tendency to recur. 


That form of syphilitic iritis which is associated with the formation of nodules 
was formerly designated under the name of iritis gummosa. For it was believed that 
these nodular exudates were necessarily to be regarded as gummy tumors on account of 
their sharply circumscribed form, which gives them sometimes just the appearance of 
small neoplasms. If we agreed to this view we should have to ascribe this form of syphi- 
litic iritis to the tertiary stage of syphilis, which is specially characterized by cireum- 
scribed exudates (gummata) resembling new growths. But in so doing we should be 
contradicting clinical observation, which shows that iritis with the formation of nodules 
always occurs simultaneously with the symptoms of the secondary stage. We are hence 
justified in comparing the nodules in the iris with the papules and condylomata, which 
also belong to this stage, and in designating the iritis as iritis papulosa or condylomatosa 
(Widder). Another argument against the gummy nature of the nodules in the iris is 
the fact that they never break down nor suppurate, as gummata are apt to do. True 
gummata of the iris and ciliary body do exist, however, but they are rare. 

The diagnosis of syphilitie iritis will, of course, always have to be based upon the 
history of the case or upon the demonstration of the presence of syphilis in the patient 
(particularly by the Wassermann test]. But should we call every iritis which has no 
characteristic marks syphilitic, simply because it occurs in a syphilitie person? Often, 
to be sure, we should be right, since syphilis is, in fact, the most frequent cause of iritis; 
but still a syphilitic patient may also acquire an iritis from any other cause whatever. 
Among such causes one that requires special consideration is gonorrhcea, which almost 
all syphilitics have had at some time or other, and which is likewise a frequent cause 
of iritis. In doubtful cases, the indication in every case is to initiate an antisyphilitie 
treatment. This will, in most cases, cause rapid inprovement in iritis of syphilitie 
origin, while other kinds of cases are but little or not at all affeeted; from which fact a 
conclusion may be drawn as to the source of the iritis. The effect of antisyphilitic treat- 
ment is also of assistance in making the diagnosis in those cases in which we are in doubt 
as to whether a nodule in the iris is of syphilitic nature or must be regarded as a new 
formation (sarcoma, tubercle). [It must be noted that even in syphilitic iritis, the 
disease may be kept up or relapses caused by other infections (e. g., oral infections) 
(De Schweinitz). Cf. Dunn’s theory of the causation of iritis in parenchymatous kera- 
titis (page 297).—D. | 

[Varying statistics indicate that from 55 to 70 per cent of all cases of primary iritis 
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are due to syphilis. Perhaps Jenning and Hill’s estimate of 61 per cent is nearest the 
truth. The proportion must vary, though, in different countries. The significance of 
syphilis and gonorrhcea as a cause of iritis is proved by the fact that in Palestine, where 
the former diseases are almost unknown, iritis is rare (Butler).—D.] 

Syphilitic iritis also occurs during intra-uterine life; the children then come into 
the world with the remains of it, such as synechix, occlusion of the pupil, atrophy of 
the iris, and even atrophy of the eyeball. 


367. (2) Iritis Rhewmatica—This occurs in persons who have been 
ill with articular and muscular rheumatism. It is the form of iritis which is 
the most apt to recur. From the fact that in many cases recurrences of 
the iritis coincide with recurrences of rheumatism (attacks of swelling in 
individual joints), the connection between the two is demonstrated. 

[This was formerly regarded as one of the most common types of iritis. Now the 
increasingly prevalent view is that it is not a morbid entity at all. Many of the cases 
that formerly would have been classed under this head have been traced to gonococcal 
infection (see § 368), others to infection by streptococci and similar organisms emanating 
from some focus about the tooth sockets, in the tonsils, in the accessory nasal sinuses, 
in the gastro-intestinal tract, ete. These infections are associated with persistent and 
recurring inflammations of the joints or with symptoms indicative of a general toxemia. 
(mental and physical depression, tendency to nervous exhaustion, etc.). Complement 
fixation tests may show the presence of the streptococcus viridens or similar organisms. 
The iritis may assume a chronic form (§§ 372-374) and it may complicate and prolong 
an iritis due to other factors (see page 424). Butler suggests that the term rheumatic 
iritis be replaced by autotoremic iritis—D.] 


368. (3) Iritis Gonorrhoica develops in cases in which gonorrhea has 
caused a general infection. This latter runs a course like that of acute 
articular rheumatism, but generally milder. The knee-joint is regularly the 
part first attacked by inflammation, which may afterward migrate to the 
other joints also; associated cardiac complications may even occur. This 
disease is known as gonorrhceal gout [rheumatism]. Iritis generally sets 
in after an outbreak of arthritis, but there are cases in which gonorrhoea 
causes iritis alone and no joint disease. Just as the gonorrhceal jomt 
lesion is very much like articular rheumatism, so gonorrhceal iritis resembles 
outwardly the rheumatic variety {under which, indeed, have been classed 
a number of cases really gonorrhceal (see § 367)—D.]. In both—in contrast 
with other, especially syphilitic iritides—the permanent changes are strik- 
ingly slight in comparison with the inflammation, which 16 often exceed- 
ingly violent. Frequently not a single synechia is left. Gonorrhoeal, like 
rheumatic iritis,also affects chiefly men and very often exhibits recurrences, 
with which is sometimes associated renewal of the urethral discharge or 
return of swelling in the affected joints. 

[Gonorrhceal arthritis may run a course quite different from that above depicted. 

Statistics differ as to the frequency of gonoi rhoeal initis. According to some authors 
8, according to others 20, per cent of all cases of iritis should be Cinsset under this head. 
Complement fixation tests may reveal the presence of the gonococcus when other evi- 
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dence is lacking (latent gonococcemia—Reber). In any event, it is probable that 
syphilis and gonorrhcea account for at least 75 per cent of all cases of iritis. The sig- 
nificance of these diseases as an etiologic factor is indicated by the fact that in countries 
where they are rare (Palestine) iritis also is uncommon.—D.} 


369. (4) Iritis Tuberculosa—This may appear in the iris under the 
guise of miliary nodules or of a rather large solitary tubercle. The latter 
will be considered in § 395. Frequently, however, tuberculous and 
scrofulous persons, especially the young, suffer from an iritis, which is not 
accompanied by tuberculous nodules, but still must probably be regarded as 
tuberculous. This is often marked by the presence of large, lardaceous- 
looking deposits or by lardaceous exudation masses, which appear to grow 
out from the sinus of the chamber. It is found in the ages of childhood and 
youth in scrofulous persons, and also in those suffering simply from anemia. 

370. (5) Iritis in Acute Infectious Diseases——Among these, relapsing 
fever is the chief one in which iritis forms a frequent complication. It is 
usually protracted in its course, but ultimately goes on to a cure. 

Other infectious diseases which exceptionally give rise to iritis are pneumonia, 
pertussis, intermittent fever, typhoid, dysentery, influenza, variola, erysipelas, purpura 
hemorrhagica, peliosis rheumatica, angina, and mumps. ‘The iritis, moreover, that 
sometimes accompanies herpes zoster should probably be put down under this head. 


Some few cases are known in women in whom a transient iritis with hypopyon has 
recurred regularly with menstruation. 


371. (6) Iritis in Metabolic Disorders occurs as a result of 
arthritis urica and arthritis deformans, and very rarely also in diabetes. 


[Some cases, too, are undoubtedly due to gastro-intestinal autotoxemia; others 
possibly occur in conjunction with hypothyroidism. But as already noted (§ 364), in 
iritis occurring with disorders of metabolism it is a question whether the connection is 
a direct or an indirect one. An iritis, for example, occurring with gastro-intestinal 
disturbance may be due not so much to absorption of the products of perverted meta- 
bolism as to the toxins of the infection that produced the metabolic disorder. Again, the 
iritis occurring with diabetes and hypothyroidism may be due to an infection, to which 
the system, because of the disorder of metabolism, offers less resistance. This, of course, 
does not mean that the metabolic disorder is not of considerable significance and that 
its removal does not exert a favorable effect on the iritis—D.] 


372. We give the name chronic tritis to those cases in which we see the 
products of exudation—the synechiw, pupillary membrane, deposits, and 
opacity in the vitreous—develop and gradually increase, while the eye either 
shows no symptoms of irritation at all, or else there is now and again simply 
an insignificant injection and some sensitiveness to light. There is alw ays 
a disturbance of sight, which, indeed, is the thing that attracts the patient’s 
attention and takes him to the physician. Chronic iritis occurs in a hight 
and in a severe form. The light form is characterized mainly by the precipi- 
tates, occurring either alone or in combination with opacities in the anterior 
portion of the vitreous. If at the same time no changes of any kind ean be 
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observed in the iris, the disease must be called a sluggish cyclitis (ef. page 
407). Often the posterior portion of the uvea is likewise affected, and foci 
that can be made out with the ophthalmoscope appear in the chorioid. The 
more the inflammation affects the whole uvea, the more closely this form 
approximates to the second, severe form, into which it may pass and from 
which it is not separated by any sharp line of distinction. 

The most serious complication of the ordinary cases is the increase of 
tension. Wethen find the anterior chamber deep (a sign that the increase of 
tension is caused by a hindrance to the escape of the aqueous) and the pupil 
somewhat dilated. Often the increase of tension abates spontaneously in 
a short time, but if it remains for a long time without being attended to, it 
may cause blinding of the eye. Apart from this the disease usually runs a 
mild course. It often extends over a period of years, but finally disappears 
either without leaving any trace of its presence or else leavinga disturbance 
of sight due to vitreous opacities. 

373. In the severe form of chronic iritis symptoms of irritation are 
absent just as they are in the light form, but, on the other hand, the exuda- 
tion is much more extensive and affects all parts of the uvea, for which rea- 
son this form is called chronic irido-chorioiditis—an expression in which, 
obviously, it is implied that the ciliary body, which is situated between the 
iris and the chorioid, is likewise involved. The patients come on account of 
the steadily increasing disturbance of vision. Examination of the eye shows 
posterior synechiz which slowly increase in numbers until finally seclusion 
of the pupil is developed. Almost always, too, there is a thin membrane 
present in the pupil. The iris becomes atrophic early, and afterward, when 
seclusion of the pupil develops, bulges forward in hump-shaped projections. 
Hypopyon is never present, but instead there are very frequently fine 
deposits which point to the implication of the ciliary body, an implication 
which also manifests itself through the presence of opacities in the vitreous. 
As these opacities continually increase in number and the vitreous at the 
same time becomes liquefied, the latter is finally converted into an opaque, 
mucilaginous liquid. Subsequently opacity of the lens is added, and atro- 
phy of the chorioid and retina sets in. The interference with vision in these 
eyes is, therefore, always much greater than the optical obstructions in the 
anterior division of the eye (deposits, membrane in the pupil) would lead 
one to expect. This disease, which really affects all parts of the eyeball, in 
most cases terminates in complete blindness. In consequence of the seclu- 
sio pupillee, increase of tension sets in with blindness from excavation of the 
optic nerve; afterward the eyeball may become ectatic. In other cases, 
blindness takes place under the guise of a gradually developing atrophy of the 
eyeball; the eye becomes softer,and the retina undergoes total detachment. 

374. Chronic iritis (irido-cyclitis, irido-chorioiditis) almost always 
attacks both eyes. It runs a very chronic course, and the light form often 
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passes gradually into the grave form, so that at the outset of the disease one 
can never say what its duration and outcome will be. It occurs more fre- — 
quently in female than in male patients. In the case of the young our first 
thought will be of tuberculosis, our next of hereditary syphilis, and our 
investigations will be directed accordingly. Some would refer a few cases 
of chronic iritis to digestive disturbances or to chronic suppuration in the 
accessory cavities of the nose, in the mouth (from bad teeth), in the tonsils, 
or in other cavities of the body, and the iritis would then be due either to a 
toxemia or to a chronic infection with streptococci. [For the reality and 
probable frequency of such cases see § 367.]| But some of the persons, and 
especially the elderly women, that suffer from chronic iritis are found, even 
after quite careful examination, to be perfectly healthy. 

375. (b) Iritis as a Local Affection. 

(1) Iritts Trauwmatica.—The causes of this are traumatisms of all kinds, 
especially if perforation of the eyeball has taken place, and particularly if a 
foreign body is left in the eye. Operations upon the eyeball are, of course, 
to be counted among the traumatisms, and of these the most dangerous 
with regard to iritis and irido-cyclitis are the cataract operations. 

The irido-cyclitis that follows traumatism is frequently of the most 
serious nature, so that atrophy of the eyeball speedily ensues; in contradis- 
tinction to iritis due to constitutional causes, which even when the inflam- 
mation is a violent one often gets well without leaving any ill results worth 
mentioning. 

The exciting cause of traumatic iritis in cases of the sort just adduced 
may be of three kinds; either mechanical injury (traction, contusion), chem- 
ical irritation(e. g., in the case of contact with swollen portions of the lens 
or in the case of a cysticercus); or, finally, infection from without. The last- 
named cause is without doubt the most frequent. 

[In traumatic (including post-operative) irido-cyclitis, exacerbation of the symp- 
toms may oecur periodically and often at quite regular intervals (every 3, 5, or7 days) 
(De Schweinitz).—D. ] 

376. (2) Irido-cyclitis Sympathica.—When an eye is affected with 
irido-cyclitis in consequence of an injury, either symptoms of irritation or 
else an actual inflammation may develop in the other eye. 

Sympathetic irritation (irritatio sympathica) consists in photophobia, 
lachrymation, or actual pain. Sometimes also weakness of accommodation 
is present so that when the patient tries to do fine work the vision gets indis- 
tinct and the work has to be given up. Such symptoms, however, are to be 
called by the name of sympathetic irritation only when objective signs of 
inflammation are absent, for when once these make their appearance, it is a 
question, not of sympathetic irritation, but of sympathetic inflammation. 
A characteristic sign, furthermore, of sympathetic irritation is that it disap- 
pears at once and forever when the primarily affected eye is removed, 
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377. Sympathetic injlammation (ophthalmia sympathica) consists in the 
development of an irido-cyclitis in the second eye. The eye primarily 
affected is called the “exciting eye,’’® that which is affected secondarily the 
“sympathizing eye.”? Sympathetic inflammation develops sometimes in 
immediate conjunction with preceding symptoms of sympathetic irritation, 
sometimes without any intermediary symptoms at all and quite unforeseen. 

The beginning is often insidious. In conjunction with an insignificant 
reddening of the eye, deposits—which are never wanting in the beginning of 
a sympathetic ophthalmia—appear upon the cornea. Then afew posterior 
synechie and fine opacities in the vitreous develop, and the ophthalmo- 
scope shows hyperzmia of the retina and optic nerve. In favorable cases 
the disease reaches no higher pitch and at length gets well, leaving either no 
trace of its presence or a few posterior synechie. Unfortunately such mild 
cases are the exception. The rule is that the symptoms of inflammation 
slowly or quickly increase; more and more adhesions of the iris develop, and 
the visual power becomes more and more reduced. Hypopyon, however, 
ordinarily does nor occur even when the inflammation is severe. Although 
sometimes intervals in the inflammation with some improvement in sight 
occur, yet these are not lasting, and finally, owing to the constantly recur- 
ring inflammation, there ensue in spite of all treatment the formation of a 
pupillary membrane and an annular or total posterior synechia. Then, in 
consequence of the seclusion of the pupil, increase of tension may set in, but 
this is commonly not of long duration, since cyclitic membranes have also 
formed in the vitreous, and by their shrinkage the intra-ocular pressure is 
once more lowered and finally atrophy of the eyeball is produced. As arule, 
therefore, the sympathizing eye is lost. 

[In view of the great gravity of sympathetic ophthalmia, it is important to know 
its early danger signs, i. e., those that occur before the stage of actual exudation. Accord- 
ing to Brownlie, these are a contraction of the visual field, a spindle-shaped enlargement 
(elongation of the vertical diameter) of the blind spot, congestion of the optic disk and 
retinal vessels, loss of visual acuity, paresis of accommodation, and changes in the blood 
count (marked increase in the large uninuclear leucocytes, some increase in the lympho- 
cytes, decrease in the polymorphous cells). The blood changes may be absent, but when 
present are regarded as very ominous. Cases that may develop sympathetic ophthalmia 


should be examined periodically for these symptoms (Brownlie : . 

For blanching of the eyebrows in sympathetic ophthalmia, see page 406.—D.] 

It is supposed that the sympathetic disease may appear not only in ihe form of 
an irido-cyclitis, but also under some other guise. The greatest variety of affections 
have been described as sympathetic. Among non-inflammatory affections, cases of 
paralysis of accommodation, of amblyopia, and of blepharospasm have been eta 
as sympathetic; among inflammatory affections in the posterior division of the ey a Bets 
ritis, chorioiditis, and glaucoma; and in the anterior division of the eye, conjunctivitis 
and keratitis. However, the only conditions whose existence 1s surely demonstrated are 


6 [In German the “‘sympathizing” 
7 [In German the ‘sympathized 
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paratively good prognosis. As regards the chorioiditis, this probably is present in all 
severe cases of sympathetic irido-cyclitis, but cannot be diagnosticated, because the 
cloudiness of the media prevents ophthalmoscopic examination. Hence we get the oph- 
thalmoscopic picture of chorioiditis only in those comparatively mild cases, in which 
the anterior segment of the uvea is affected but little or not at all; and such cases are 
rare. Sympathetic chorioiditis is marked by the presence of numerous small yellow 
patches which occupy especially the periphery of the fundus. In other cases observers 
have often gone too far in taking the sympathetic nature of the disease for granted. 
The fact that an eye has been destroyed through traumatism by no means justifies us 
in regarding, without further proof, any subsequent disease of the other eye as sym- 
pathetic. This assumption should be made only when such disease presents the charac- 
teristic clinical picture of sympathetic irido-cyclitis, or when, upon the enucleation of 
the eye first diseased, the symptoms in the second eye recede too rapidly to be accounted 
for upon any other assumption than that the affection of the second eye was caused by 
that of the first. The converse of this inference does not hold good—that is, the fact 
that enucleation of the first eye does not influence the course of the disease in thesecond 
is no argument against the sympathetic nature of the lesion; indeed, it is a well-estab- 
lished fact that when sympathetic ophthalmia has once broken out, enucleation of the 
eye first diseased is not generally able to cause much change. 

378. The affection of the exciting eye, which gives rise to a sympathetic 
inflammation, is always an irido-cyclitis, and is, in fact, almost without 
exception, an irido-cyclitis traumatica, due to a penetrating injury of the 
eyeball. In this category, of course, are to be reckoned the operations that 
are attended with opening of the eyeball, in case they are followed by 
inflammation. 

As a matter of prognosis and treatment, it is important to know that, 
in spite of there being a violent inflammation of the primarily diseased eye, 
sympathetic ophthalmia occurs very rarely in (1) suppuration of the cornea 
(in uleus serpens, after acute blennorrhcea, etc.) and in its sequele, phthisis 
cornee or staphyloma of the cornea, and in (2) panophthalmitis and the 
phthisis bulbi that follows it; and it never occurs in (3) absolute glaucoma. 

The point of ime at which the greatest danger of the transmission of 
the inflammation exists is when the irido-cyclitis in the injured eye is at its 
height. Hence sympathetic inflammation makes its appearance, in most 
cases, from four to eight weeks after the injury to the first eye has taken 
place. Later than this, when the traumatic irido-cyclitis has subsided and 
the eye has fallen a prey to atrophy, there need be generally no fear of sym- 
pathetic inflammation, so long as the atrophie eye is free from inflammation 
and is not painful, either spontaneously or to the touch. The danger for 
the other eye does not develop again until the atrophic eye becomes once 
more the seat of inflammation and of pain—an event which, to be sure, very 
frequently occurs. In this way an eye which has been carried for many 
years in an atrophic state without causing trouble may suddenly become the 
cause of a sympathetic inflammation. While, therefore, the minimum per- 
iod for the development of sympathetic irido-eyclitis is a few weeks (the 
shortest period hitherto observed is ten days), no limits can be set to the 
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maximum period; sympathetic inflammation has been seen to appear forty 
years and more after the injury of the first eye. An eye which has been 


destroyed in consequence of injury is therefore a constant source of danger 
to the other eye. 


To excite sympathetic inflammation it is not necessary for the injured 
eye to be perfectly blind. Cases occur in which the eye has retained a 
remnant of visual power after the injury and the irido-cyclitis following it, 
and has yet given rise to sympathetic inflammation. In that case it may 
happen that the sympathetically affected eye undergoes complete destruc- 
tion, while the injured eye is still used to see with. 


Can an irido-cyclitis of non-traumatic origin be transmitted to the other eye? We 
very often see irido-cyclitis develop spontaneously first in one eye, then in the other. 
But we must not therefore at once conclude that the inflammation has been transmitted 
from one eye to the other. It may be that we have to do with a deeply seated common 
cause, generally of constitutional nature, which makes itself felt first in one eye, then in 
the other. We should therefore regard an irido-cyclitis occurring in the fellow eye as 
sympathetic, only in case the inflammation in the first eye is certainly a purely local 
one and not dependent on constitutional causes. This is true of two varieties besides 
the traumatic, i. e., of the irido-cyclitis which sometimes occurs after the perforation 
of a corneal ulcer, and of that which develops in eyes with an intra-ocular tumor. If 
the latter becomes necrotic, a violent inflammation of the inner coats of the eye results. 
In these two cases a genuine sympathetic inflammation of the second eye is observed, 
even though it is rare. 


379. The way in which the inflammation is transmitted from one eye 
to the other is as yet unknown. Not every severe traumatic inflammation 
of the eye leads to sympathetic disease of the other; whether this develops 
or not depends upon two conditions: 


1. Upon the character of the inflammation of the injured eye. To a certain extent 
this has been known for a long time; thus we are aware that in cases in which the injury 
produces ulcus serpens or panophthalmitis, sympathetic inflammation usually does 
not set in. To excite this an irido-cyclitis is required. But again it 18 not every trau- 
matic irido-cyclitis, even when destructive, that causes sympathetic inflammation, 
but only an irido-cyclitis of a quite well defined sort, which is marked by a peculiar, 
very characteristic anatomical condition (compare page 419). Unfortunately, we have 
not as yet advanced so far as to be able to conclude from the clinical picture itself whether 
in a given case we are dealing with this particular sort of irido-eyclitis. if 

2. If now this particular kind of irido-cyclitis does really develop after an injury, 


a possibility is then afforded that this inflammation may pass to the other eye, but such 


passage does not necessarily follow. For it to occur, a series of conditions must be 


involved, affecting the paths by which the passage takes place. en i eile of 
these paths the endeavors of investigators have been mainly expendec ; . - enzie 
the first who taught us to know sympathetic ophthaliia. He euets ed t he optic 
ue the paths of transmission. This was the most obvious thing to do, since the 
ee ervee akin eyes are connected directly at the chiasm, It it es Lie 
the inflammation travels back little by little from the exciting eye along the optic 
hiasm, thence to the optic nerve of the other side, and then on to the other 

aaa bid cara rane was soon made that in this case the inflammation in the 


<0 the clinieal pictureof papillitis, and not 


sympathizing eye should necessarily begin witb 
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as an irido-eyclitis. Mackenzie’s view therefore was abandoned, and it was believed 
that we should find the path of transmission to be in the ciliary nerves, since these 
supply the uvea. But since the ciliary nerves of the two sides are nowhere in direct 
connection, this could not be a case of direct migration but only one of reflex trans- 
mission. As a matter of fact it is scarcely to be doubted that sympathetic irritation is 
effected by way of the ciliary nerves. In fact even in slight changes occurring in one 
eye (for example a foreign body in the cornea) we observe lachrymation and photo- 
phobia in the other. But that an actual inflammation with serious anatomical changes 
should develop in a reflex way is in our present state of knowledge inadmissible. Hence, 
we have returned to the optic nerves as the path of transmission. Leber first pointed 
out that such transmission might be effected by bacteria which, being brought into the 
injured eye, first produced an inflammation here and then migrated by way of the optic 
nerves into the other eye. But since a demonstration of the presence of bacteria in 
the sympathizing eye could not be made, others assume that it was perhaps only the 
toxins of the bacteria that got from one eye into the other by way of the optic nerves 
(Bellarminoff). 

There are weighty considerations, however, which oppose the idea of the disease 
being conveyed by the optic nerves. It has already been mentioned that in that case 
the affection of the sympathizing eye ought to begin under the form of a papillitis, 
which, as a matter of fact, is not the case. It is true that on ophthalmoscopie examina- 
tion of sympathizing eyes we can make out slight inflammatory changes in the head of 
the optic nerve, but no more than in other cases of severe irido-cyclitis. Furthermore, 
it has been found in the cases in which the sympathizing eye could be examined anatomi- 
cally that these changes in the optic nerve-head diminished the further back one went, 
instead of increasing, as necessarily would have been the case if the disease had entered 
the sympathizing eye from behind. Moreover, an inflammation that makes its way 
along the optic nerve would probably produce changes at the spot where through the 
chiasm it passes from one side to the other, that is within the cranial cavity. But nothing 
of the sort is known. A further argument against the transmission by the optic nerves 
is afforded by those cases in which sympathetic inflammation setsin, in spite of the 
fact that the optic nerve on the side of the injured eye was torn or cut through. These 
and other considerations against the optic-nerve pathway have led to the view that per- 
haps the transfer of the noxious influence, which presumably consists of bacteria, takes 
place by means of the blood current in a way analogous to that of metastases (Berlin). 
We must then of course, make the further assumption that these bacteria are not patho- 
genic for the other tissues of the body, since sympathetic ophthalmia is not complicated 
with disease of other organs besides the eye. 

Another view is that sympathetic inflammation is an anaphylactic disease caused 
by the disintegration and resorption of uveal tissue [especially the pigment] in the 
injured eye. So far, however, it has not been possible to adduce proof of the truth of 
this view, and besides the character of sympathetic inflammation is essentially different 
from that of the inflammations that are positively known to be anaphylactic. 

The reason for the lack of success hitherto in determining with certainty the path 
of transmission consists in the great difficulties that oppose investigations made with 
this end in view. So far, we have not been able to demonstrate either by staining within 
the diseased tissue or by culture methods the presence of the bacteria that are supposed 
to excite the sympathetic inflammation. As yet we have had no opportunities of examin- 
ing a sympathizing eye in the first stages of the disease, nor is experimentation on ani- 
mals of any help to us either. Not only does sympathetic ophthalmia fail to occur 
spontaneously in animals but the attempt to produce in animals an undoubted sympa- 
thetic inflammation experimentally has also failed of success, 
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[Brownlie and others have pointed out the analogy that sympathetic ophthalmia 
shows in various ways to the protozoal diseases (syphilis, malaria, trypanosomiasis). 
This analogy is somewhat supported by the fact that salvarsan exerts a favorable effect 
on the disease.—D.] 


380. (B) Secondary Iritis and Irido-cyclitis are the varieties which 
develop through transfer of inflammation from neighboring organs to the 
iris and ciliary body. Inflammations of the cornea are the lesions that 
most frequently give rise to it; above all the suppurative keratitides, which 
are very frequently indeed complicated with iritis. Old scars with incar- 
ceration of the iris may through a late infection excite a dangerous irido- 
cyclitis (page 318). Of the varieties of scleritis, it is the deep form that 
leads to inflammation of the iris and the ciliary body. The lens may cause 
iritis, in case of its luxation and also when after the capsule has been opened, 
swelling masses of lens lie upon the iris. In these cases the iritis is not 
usually severe. 

Of changes in the posterior division of the eye, which may lead to 
iritis, the chief one to be mentioned is detachment of the retina. When 
this has lasted a long time, irido-cyclitis very frequently ensues, sometimes 
insidiously, sometimes with such violence as to cause great pain and 
ultimately atrophy of the eye. Likewise very severe and terminating in 
atrophy, is the course run by the irido-cyclitis that sometimes occurs in 
intra-ocular neoplasms or in intra-ocular cysticercus. 

381. Treatment of Iritis and Cyclitis.—In every case of iritis and 
cyclitis it is incumbent upon us, on the one hand, to combat the local 
symptoms (indicatio morbi); on the other, to remove the causes lying at 
their foundation (indicatio causalis). In those cases in which an etiological 
_ factor is not demonstrable, we are thrown back solely upon the sympto- 
matic treatment 

382. (1) Symptomatic Treatment.—Atropine is the most important 
remedy in iritis. Inasmuch as it contracts the iris, it necessarily dimin- 
ishes the amount of blood in its vessels, and hence directly counteracts 
the hyperemia. By paralyzing the sphincter it fulfills a second indication 
which requires every inflamed organ to be put at rest; the constant to-and- 
fro movement of the pupil is completely arrested by atropine. The third 
action of atropine consists in its rupturing posterior synechize which already 
exist and in its counteracting the formation of new ones, through the 
dilatation of the pupil that it causes. The amount of atropine adminis- 
tered must be carefully regulated according to the degree of the intensity 
of the iritis. During the period of increase of the inflammation it is usually 
dificult to obtain dilatation of the pupil, because a spasm of the sphincter 
exists. In this case we must instil atropine several times a day. If this 
does no good, we place a little granule of atropine in ‘Substance in the 
conjunctival sac (for the necessary precauuons, see page 61); this is better 
28 
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than to instil the solution too frequently, by doing which irritation of the 
conjunctiva (atropine catarrh) is readily set up. By the simultaneous 
employment of cocaine the action of atropine may be heightened (page 
389). When the inflammation is abating, atropine is instilled just often 
enough to keep the pupil constantly dilated. 

In cases of irido-cyclitis in which the implication of the ciliary body 
is particularly prominent, and also in cases of pure cyclitis, atropine is 
not always well borne. For, in proportion as the iris becomes narrower 
and its vessels can contain less blood, the vessels of the ciliary body are 
overdistended, since they have to take up the blood which finds no lodg- 
ment in the iris. Hence, in such cases, we must be very cautious in the 
use of atropine, and must suspend it whenever we find that the pain 
increases after the instillation. So also, when an irido-cyclitis iscombined 
with elevation of tension, the atropine must be stopped and, if necessary, 
replaced by a miotic. 


[Atropine should be used as early as possible in iritis in order to forestall the for- 
mation of synechise and put the inflamed iris at rest without delay. Hence, whenever 
the diagnostic application of homatropine (page 397) shows an imperfectly dilating 
pupil, atropine should be instilled immediately, and the instillations should be repeated 
until the pupil is thoroughly dilated. 

For precautions in the use of atropine and the danger of poisoning see pages 61 
and 388.—D.] 

Atropine is, in iritis, useless if the pupillary margin is adherent to the capsule 
throughout, and the iris hence cannot retract. 


383. In violent inflammation, moist warm compresses or poultices 
afford the best results, especially for the relief of pain. Cold compresses 
are generally not well borne, and are suitable only for recent cases of trau- 
matic iritis (see page 56). Dionin introduced into the conjunctival sae in 
powder or in 5-per-cent solution, acts not only to relieve the violent ciliary 
pain, but also often exerts a favorable influence on the progress of the 
disease. Violent pain, moreover, is often ameliorated by the faradaic current 
(Reuss, see page 57). Of internal remedies the main ones that act to 
relieve pain are the salicyl preparations (e. g., aspirin). 

Free bloodletting by means of six to ten leeches applied to the temple, 
or by a Heurteloup artificial leech, may greatly diminish the inflammatory 
symptoms in the bad cases; not infrequently, directly after such a blood- 
letting the pupil for the first time yields to the action of atropine, while 
before this it had remained in a constant state of spasmodic contraction. 
If the disease lasts a long time, the bloodletting may, if needed, be repeated: 
once or twice. 

One of the most efficient means both of combating the inflammation 
and of absorbing the exudate is energetic diaphoresis (see page 58). For 
absorbing the exudate we may also try mercurial treatment (even in non- 
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syphilitic cases) or subconjunctival injections of salt [or mercury|—these, 
however, only when there is no marked inflammatory irritation, which 
might be increased by the injections. 

384. The hygienic regulations to be observed in iritis require first of 
all protection from the light, not only on account of the photophobia that 
is generally present, but also because light excites the pupil to contraction. 
For the latter reason the protection against light must be applied to both 
eyes, since with the contraction of the pupil of one eye the pupil of the other 
also tends to contract. The patient is kept in a moderately darkened recom, 
or is made to wear dark goggles. This is better than a bandage, which it 
would be difficult to apply to both eyes. The patient should be moderate 
in eating, and should abstain from spirituous beverages. Care should also 
be taken to secure bodily rest by the avoidance of all physical exertion and 
in severe cases by rest in bed. The healthy eye should not be submitted 
to strain of any kind, i e., reading, ete. Moreover, it is very important to 
make sure that the bowels of the patient move easily. 

385. (2) Causal Indication—|This requires a searching preliminary 
examination to discover the cause or causes of the iritis. In making this 
examination we should, when the diagnosis is not otherwise certain, deter- 
mine the condition of the gastro-intestinal tract, take skiagrams of the 
teeth and the nasal sinuses, use diagnostic injections of tuberculin, and 
make complement fixation tests of the blood for the spirocheta (Wasser- 
mann test), streptococci, gonococci, and other organisms. According to 
the findings, we apply dietetic and eliminative measures for the relief of 
gastro-intestinal disturbances, remove foci of infection in the teeth, etc., 
and if the complement fixation tests show systemic infection give vaccines 
by injection.—D.| 

With regard to the etiological factor, syphilitic writis gives the most 
favorable prognosis, since it generally yields promptly to an energetic 
antisyphilitic treatment. The chief requisite here is promptness of action, 
since we are dealing with a lesion in which a few days may produce great 
and lasting damage (by forming a seclusio or occlusio pupille). Hence 
_ salvarsan or mercury is selected, and the latter is best. applied by inunc- 
tion (from 2 to 4 gm. of blue ointment being rubbed in daily) [or by intra- 
muscular injections of an aqueous solution of mercury bichloride or an 
albolene emulsion of mercury salicylate-—D.] The inunctions [or injec- 
tions] should be kept up until the diseased eye has become perfectly free 
from discoloration and then potassium iodide (up to 3 gm. a day) may be 
used for after-treatment. In iritis due to he redité iry syphilis, besides the 
specific antisyphilitic treatment special value is to be attributed to measures 
for strengthening the organism as a whole. he a case of syphilitic iritis we 
must not forget that there may be other ¢ ausa! factors besides the syphilis 


that will require treatment (cf. page 424).] 
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In iritis rheumatica sodium salicylate or aspirin is administered. These 
drugs also do good service sometimes in other forms of iritis, especially in 
iritis gonorrhoica. For the latter, vaccines made of dead gonocoecci have 
been used, sometimes with good results. [In so-called rheumatic iritis 
removal of the probable source of infection (see page 425), followed by 
appropriate vaccine treatment (if possible with an autogenous vaccine), 
is indicated. The strength of the vaccine injections and the interval 
between them are regulated by the opsonic index, the local reaction at the 
site of injection, and the focal reaction in the eye.—D.] 

For iritts tuberculosa the main thing is a correct and sufficiently long 
continued treatment with tuberculin injections (see pages 70 and 446). and, 
added to this, general hygienic measures for invigorating the patient. 

[In iritis due to metabolic disorders treatment of the underlying cause 
(gout, diabetes) must be instituted. In stubborn cases of iritis adminis- 
tration of the thyroid extract sometimes does good service, even though 
hypothyroidism is only an indirect cause of the iritis (see page 426).—D.] 

In chronic iritis the main thing to do is to determine the cause. For 
this purpose it is often necessary to add to a careful internal examination a 
diagnostic injection of tuberculin, a Wassermann test [and examination 
for other sources of infection (see page 428).—D.]. We should inaugurate a 
causal treatment based on the findings thus obtained. Such treatment, 
however, is often unable to affect materially the course of the disease, so 
that we have to depend mainly on general hygienic measures and local 
and symptomatic treatment. [The administration of thyroid extract is 
sometimes useful.—D.]| 

In tritis traumatica the causal factor is first of all to be eliminated, in 
case it still continues to act. Foreign bodies are to be removed from the 
iris; portions of the iris that are much contused or are incarcerated are to 
be excised; a swelling or luxated lens causing iritis must be removed from 
the eye. To combat the inflammation of the iris, iced compresses are 
employed in very recent cases in addition to the atropine. With respect to 
those traumatic iritides which follow an operation, the most important 
part belongs to prophylaxis. This consists in strict. antisepsis during the 
operation; and, as a matter of fact, since this has been employed such 
iritides have become much more rare. [In traumatic (including post-oper- 
ative) iritis mercury, either by inunction or in the form of calomel, kept 
up for a number of days, and the salicylates in doses of 3 to 6 gm. a day, 
are helpful (De Schweinitz).—D.] 

386. (3) Operative procedures are for the most part indicated more 
in the sequel of iritis than in recent inflammation. Paracentesis is per- 
formed whenever increase of tension sets in. It may also be tried in cases 
of long-persisting inflammation which will not yield to other remedies. As_ 
the aqueous escapes, the deposits upon the cornea are often washed out 
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with it, and their escape can be facilitated by rubbing the cornea; but 
the removal of such deposits is not the proper aim of paracentesis. 

Iridectomy is not performed while inflammation still exists, save in 
very exceptional cases, since, if we perform it then we should have reason 
to fear that the newly made pupil would be closed up again owing ‘to a 
continuance of the exudative process. Hence we undertake an iridectomy 
only when we are compelled to do so because of the development of an 
increase of tension, or as a last resort in order to put an end to the iritis 
when all other means have failed. Otherwise we wait until the inflamma- 
tion has run its course, and then perform an iridectomy, either because a 
seclusio pupillz has developed, or as a prophylactic in relapsing iritis to 
prevent further recurrences. And, in fact, in many cases, an end is put 
once and for all to recurrences by this means; in other cases, the subse- 
quent recurrences are, at all events, rendered lighter. 


In eases of chronic irido-chorioiditis, iridectomy is not only mechanically efficient 
by removing the seclusio pupillw, but it also has a favorable influence upon the entire 
nutritive condition of the eye. The vitreous clears up and the sight inproves, often 
for quite a long time. If an operation is done upon eyes which have already begun to 
grow softer—that is, are on the road to atrophy—the eye in favorable cases fills out 
again, and the ocular tension becomes normal. 


387. Enucleation in general comes up for consideration only in those 
cases in which incurable blindness has already set in. It is then indicated: 
(1) If the eye is permanently inflamed and painful; (2) if we suspect that 
there is a neoplasm in the inflamed eye (§ 430); (3) in case of sympathetic 
irritation, this being surely and permanently relieved by the enucleation; 
(4) if sympathetic inflammation of the other eye threatens to occur. In the 
last case, enucleation has this great prophylactic value that it prevents with 
almost absolute certainty the outbreak of sympathetic inflammation. But 
if we wait to perform enucleation until the first signs of sympathetic disease 
show themselves, we are generally too late. Hence, to advise enucleation at 
the right moment is one of the most important tasks that the physician has 
to perform. To do this properly we must bear in mind the fact that the 
danger of sympathetic inflammation is almost confined to the traumatic 
cases. If itis a case of recent inflammation, enucleation is indicated as soon 
as we see that blinding of the injured eye is inevitable. We recognize that 
this is the case by the increasing deficiency in the quantitative perception 
of light (see page 416). If the traumatic inflammation has already run its 
course, and a greater or less degree of atrophy of the eyeball has supervened, 
enucleation is still indicated if the eye is sensitive to pressure or if it gets 
inflamed often. It is only when the eyeball is entirely and permanently free 
from irritation that enucleation is not imperative. But the patient ought to 
be warned that he should report immediately for enucleation, if pain or 


i 
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inflammation happen to set in anew. [He should be kept under periodic 
observation. Cf. remarks on page 429.] 

In phthisis bulbi enucleation is not generally required. Phthisis repre- 
sents the outcome of panophthalmitis of which, as experience shows, sym- 
pathetic inflammation is only very exceptionally a sequel. Moreover, 
phthisical eyes are usually free from irritation. 

When sympathetic ophthalmia has already broken out, the effect of 
enucleation is uncertain. In the lighter cases it appears to exert a favorable 
influence upon the course of the sympathetic inflammation; in severe cases, 
on the contrary, it is often of no avail. . 


Although enucleation generally affords a sure safeguard against sympathetic inflam- 
mation of the other eye, nevertheless a series of cases is known in which in spite of 
enucleation, inflammation has subsequently made its appearance. In every instance 
it has set in within a short time—from a few days to a few weeks—after the enucleation. 
The longest interval so far observed is forty-seven days (Shaw), [fifty-three days in a 
case of Stephenson’s cited by De Schweinitz—D.] Yet even in this case enucleation 
does not fail to exert a favorable effect, since in the great majority of these cases the 
sympathetic inflammation runs an unusually favorable course, probably because the 
removal of the first eye prevents the constant emission from it of new impulses for the 
production of inflammation. 


388. Sympathetic inflammation itself is to be treated according to gen- 
eral rules. Salvarsan has been used in several cases with distinct success. 
Of good effect also is treatment with mercury and with salicyl preparations 
in the largest possible doses. |Treatment, to be successful, must be persis- 
tent and prolonged, and varied according to conditions. The patient, there- 
fore, should be kept under constant observation. Atropine may have to be 
used for many months at a time. This may be combined with pilocarpine 
injections and potassium lodide may be combined with the mercury (Burn- 
‘ham).—D.] 

Operations generally give a bad result, since they start up the inflam- 
mation again, so that the newly formed pupil is once more closed by fresh 
exudate. Hence operations are done only when it is absolutely requisite 
(e. g., when done on account of increase of tension); other operations, such 
as, for example, an iridectomy for optical purposes, are put off as long as 
possible, preferably for years. 

389. Treatment of the Sequele of Iritis and Irido-cyclitis.—Jsolated 
posterior synechie can often be ruptured by the employment of atropine 
either by itself or in combination with cocaine. Here it is not so much a 
long continued action as a very energetic one that is required, and this is 
most certainly secured by placing atropine in substance in the conjunctival 
sac after preliminary cocainization of the eye. [Some instil a solution of 
atropine every ten minutes during an hour. Others use strong solutions 
(4 per cent) and employ adrenaline as well as cocaine to promote absorption 
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of the atropine. In all such attempts to secure a thoroughgoing effect, the 
precautions given on page 61 must be observed.—D. | 

It is frequently possible to rupture synechise which are narrow and 
drawn out into a point, while broad synechie (such as occur after syphilitic 
or sympathetic iritis) withstand all attempts. 

Annular posterior synechia (seclusio pupille) demands iridectomy 
unconditionally, the object being to restore the communication between the 
anterior and posterior chambers. The operation is often difficult on account 
of the shallowness of the anterior chamber (due to protrusion of the iris), 
and also on account of the atrophy of the iris. Accordingly, we must often 
be contented if we succeed in making a small opening in the iris. In hump- 
like protrusion of the iris this is best accomplished by transfixion (§ 858). 
Then the anterior chamber, in consequence of the restoration of the connec- 
tion between the two chambers, regains its normal depth, so that a iridec- 
tomy can be performed later under more favorable conditions. 

Total posterior synechia also requires iridectomy, which, however, is 
often void of result, as on account of the adhesion between-the surfaces of 
the iris and the lens it is frequently impossible to excise a sufficiently large 
piece of the iris, or because the pigment layer of the iris, which has grown 
fast to the lens, remains attached to it. In such cases the only thing to be 
done is to remove the lens, too, even if it is still transparent (Wenzel’s 
extraction, see remarks to § 874). If the lens is shrunken or absent, iri- 
dotomy is indicated (see § 858). 

In atrophy of the eyeball enucleation is indicated subject to the condi- 
tions given on page 437. Sometimes enucleation of an atrophic eyeball is 
desired simply for cosmetic reasons, when the eye is disfiguring and, more- 
over, does not tolerate the wearing of un artificial eye over it. 

if, after an iritis, one or two posterior synechiz are left which do not rupture when 
atropine is energetically employed, we abstain from further treatment of them, since 
they generally do no harm to the eye. At the present time we have entirely desisted 
from releasing them by operation (corelysis). When, however, an annular synechia is 
present, we ought not to let it stay, but must make an. tridectomy. This is also indicated 
in those cases in which the seclusion of the pupil is not yet indeed complete, but is on 
the verge of being so, only one small spot of the pupillary margin being free from it. 
For if we are dealing with a chronic irido-cyclitis, we can count upon this small spot 
soon becoming adherent too, and in that case it is better not to wait for the seclusion 
of the pupil to become complete. It is particularly advisable not to do so if the patient 
lives far from the physician, and might perhaps let the proper moment for the iridec- 
tomy pass by. ; ‘ a 

In seclusio pupille the iridectomy is made upward. If occlusio pupil is simul- 
taneously present, we should, according to the rules laid down for an optical iridectomy 
in § 856, make the coloboma to the inner side and below. But even in these cases it is 
advisable to make the iridectomy upward, because it Is so often the case that the lens 
afterward becomes opaque, and in that case a coloboma situated above will be of advan- 
tage in performing the extraction that will be required later. 
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Il. InsJuRIES OF THE [RIS 


390. In addition to what has been already said in the previous sections 
in regard to injuries of the iris and their consequences, the following special 
varieties of injury, which are most frequently observed after contusions of 
the eye, may be mentioned: 

(1) Under the name of iridodialysis* is designated the separation of the 
iris from the ciliary body. We then find on one side, at the ciliary margin 
of the iris, a black crescent which is formed by the separation of the iris from 
its insertion at this spot,so that we can there look into the interior of the eye 
(Fig. 185). When the separation is pretty considerable, the edge of the lens 
(1), the ciliary processes (p), and the fibers of the zonula of Zinn stretching 
between the two can be recognized by means of lateral illumination in the gap 
that is thus produced. The pupil has 
lost its round form, owing to the fact 
that the pupillary margin toward the 
side of the iridodialysis has shortened so 
as to occupy the chord of an arc instead 
of the arc itself (Fig. 185, a). The cause 
“eh ye pate See mr RO, of this inward displacement of the pupil- 

The pupillary margin at ais sloped off soas lary margin lies in the fact that the 


to formastraightline. Atapointcorrespond- _ : Sia sage 
ing to this spot the iris is separated from the separated portion of the iris is stretched 


ciliary body and is narrower and somewhat ; = : : s . 
Sriaiicd: Inthe interval between the iris and IN & straight line by the contraction of 


the margin of the cornea are seen the margin * P ras ey Vig at ae 
of the lens, /, and the apices of the ciliary proc- the sphincter. By this means it is with- 


enees, py the fine radiating station between drawn from its insertion in the ciliary 
#, cireulus iridis minor; 6, contraction fumows: ody (and gis reunion with the: lather 40 
rendered forever impossible. The sight is but little affected by iridodialysis; 
the only thing being that, if the eye is not accurately focused, monocular 
diplopia may occur, owing to the formation upon the retina of an image 
both by means of the pupil and also of the peripheral opening (see § 650). 

Iridodialysis may occur to any extent, from a scarcely perceptible 
tear to complete separation of the iris from its ciliary attachment. In the 
latter case the iris rolls up into a ball which sinks to the bottom of the cham- 
ber, and which by the next day has shrunken into an inconspicuous little 
gray mass. If a rupture of the sclera has been at the same time produced 
by the injury, the separated iris may be expelled altogether from the eye 
through the scleral wound. In both cases complete absence of the iris 
(irideremia® or aniridia® trawmatica) is produced. Again, a partial expul- 
sion of the iris from the eye may occur, especially in cases of rupture of 
the sclera, and thus a traumatic coloboma is produced. 


Iridodialysis is sometimes unintentionally produced in operations upon the iris, 
If the eye that is being operated upon makes a violent moyement at the moment when 


x x ® From tpis, iris, and éa\vots, separation. 
From lpts and épyuca, loneliness, want. 10 From a, privative, and l[pus. 
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the operator grasps the iris with the forceps, the iris may by this means be separated 
from its insertion to a varying extent, or even in part be torn out of the eye. Great 
hemorrhage into the anterior chamber is always the result of this unfortunate accident. 
In iridectomy done on account of occlusion of the pupil, iridodialysis may also be pro- 
duced in the following way: The operator grasps the iris and tries to draw it out of the 
wound. To effect this it ought first to be set free from the pupillary membrane, But 
if the connection between the latter and the iris is very firm, the two do not separate, 


* but the membrane and also the iris of the opposite side follow the course of the traction, 


so that an iridodialysis is produced upon the side opposite the iridectomy. Hence, in 
such cases, the iris ought always to be first released from tht pupillary membrane by 
lateral movements of the forceps before it is drawn out of the wound. 

Iridodialysis is produced in a non-traumatic way, when neoplasms of the ciliary 
body grow out into the anterior chamber so as gradually to push the iris away from its 
insertion (Figs. 184 and 192), and is also produced by traction on the iris (page 410). 


391. (2) Radiating lacerations which start from the pupil. These may 
extend to the ciliary margin, so that the pupil at the site of laceration 
appears to be prolonged to the margin of the cornea in the form of a pointed 


Fie. 186. 

: .—Lanrce Raprat LACERATIONS OF THE IRIs. Above lies a large laceration, whose edges 

gape eis al whose upper extremity, which does not reach to the ciliary border, is rounded off. 

The smaller laceration, which lies close to the larger one on the inner side of the pupil, retains its original 

acute-angled shape. The pupil is mepebec par i i pba! reasons lacks the black rim of retinal pigment 
i i irc nce occupie the lacerations. ; 

= onl ome hee ag Rear piel aed a9 THE MARGIN OF THE Pupi.. Magnified Diet At the 

outside and above, the margin of the pupil is regular and is surrounded by the black line of the retinal 

pigment. At the inner side and below, this line is wanting; the margin of the pupil here is irregular, 

shows small indentations, and is retracted along its whole extent so that the pupil is dilated down and in. 


Gothie arch (Fig. 186). Such large lacerations, however, are rare. Gener- 
ally the pupillary margin is simply torn into a little, and the laceration 
gapes so slightly that it is discovered only upon ren) examination, 
especially with the aid of a magnifying glass (Fig. 187). Such small lacera- 
tions are the most frequent cause of the dilatation of the pupil (mydriasis 
traumatica) which develops after contusions and which is founded upon the 
weakening or paralysis of the sphincter due to the laceration. In such 
cases, for the most part, a moderate dilatation of the pupil remains per- 
manently. | 

The ciliary muscle, too, may be paralyzed by a contusion, as mani- 
fested by the diminution of the amplitude of accommodation (recession of 
is Se eee of the iris (Ammon) consists mS being turned 
back so as to lie upon the surface of the ciliary body (Fig. 188, 0). The 
iris then cannot be seen occupying its normal place, and looks as though 
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it were absent altogether. Total inversion of the iris is very rare. Partial 
dislocation backward is more frequently observed. At the spot where 
this takes place the iris seems to be wanting, and a ccloboma appears to 
be present just as if an iridectomy had been made. 


To account for the above-described traumatic changes in the iris, two factors have 
to be taken into consideration. The first is based upon the flattening which the cornea 
undergoes through the contusion, and because of which its circumference and conse- 
quently also the circle of insertion of the iris become larger. If this enlargement takes 
place suddenly, the iris cannot adapt itself to it and tears away in places from its inser- 
tion, so that iridodialysis is produced (Arlt). The second factor consists in the circum- 
stance that the blow which strikes the cornea and flattens it out also pushes the aqueous 

; backward. The latter tends to recede 
and pushes against the posterior wall of 
the anterior chamber, which in the area 
of the pupil is formed by the lens and 
in the rest of its extent by the iris. The 
latter, when pushed backward, finds a 
support in the lens except at the marginal 
portion of the iris which lies outside of 
the margin of the lens. Here the pos- 
terior chamber is deepest and is bounded 
posteriorly only by the feeble zonula of 
Dg Zinn. The periphery of the iris, there- 
fore, forms the most yielding spot in the 
posterior wall of the anterior chamber 

: ay and the one which is the first to give 
 Mfourteen days previous a piece of wood had flown WaY before the pressure of the receding 
into the patient's eye while he was splitting wood. aqueous. Hence the iris is bulged out 
The eve showed a rupture of the solera running elo backward by the aqueous s0 as to form 
ae ne ae oat Se ane, tans hate uapy & sae extending as far as the zonula, or 
exudation membrane, a; this is attached to a projec- If this ruptures extending even into the 


tion of iris, produced by the bending of the pupillary .; ‘ te > , 
portion of the iris so as to form an acute angle with vitreous (Fig. 189, uw). The direct con- 


Oe giipillaty portion maven aaaker turntbasieard ee tate pa ara 
and so does the sphincter pupillm, which is seen in are threefold: marked stretching of the 
Oroar sen tonal 6) fibers of the iris in a radial direction; 
dilatation of the pupil; and, finally, in extreme cases, rupture of the zonula. 
The first factor may result in iridodialysis. The sudden dilatation of the pupil may 
cause radiating lacerations of the sphincter and consequently paralysis of the latter. 
The rupture of the zonula causes tremulousness, subluxation, or luxation of the lens. 
If the backward dislocation of the iris and the consequent recession of its pupillary 
margin are of a sufficiently high degree to cause the latter to slip back over the edge of 
the lens, the lens being no longer held in place by the zonula will slip through the pupil 
into the anterior chamber, where it is then held captive by the iris, which again contracts 
behind it (luxation of the lens into the anterior chamber). Finally, the sac-like intrusion 
of the periphery of the iris may be so extensive that the iris at one spot is completely 
reversed and points straight backward (Fig. 189, 0) and inversion of the iris is produced 
(Forster). 

A small sharp-edged hole may be made in the iris by foreign bodies, particularly 
fragments of metal, entering the eye. If such a hole is not blocked by blood or exuda- 
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tion it never grows together but remains unchanged all through life. Upon this fact 
depends the possibility of effecting a permanent communication between the anterior 
and posterior chambers in seclusio pupillx by making a small hole in the iris (transfixion, 
§ 858). For, provided it is not inflamed, the iris has no tendency to cover over raw 
surfaces by cicatrization as, for example, the cornea does. Thus in the iris stump which 
is produced by an iridectomy we find, even many years later, the tissue as smoothly 
divided and as bare as it was directly after the operation (Fig. 112). 

After injuries, especially concussions with rupture of the sclera, there is often 
produced laceration of the ciliary body at its attachment or even an entire separation of 
it from the sclera. This sort of injury is found quite often in anatomical specimens, 
while clinically it eannot be diagnosticated, because we cannot see the ciliary body in 
the living eye. By laceration of this sort the anterior chamber is placed in direct com- 
munication with the space between the sclera on one hand and the ciliary body and 
chorioid on the other (perichorioidal space). It thus becomes possible for the aqueous 
to enter this space and detach the chorioid from the sclera (see § 427), 


393. Injuries of the iris are generally accompanied by hemorrhage 
into the anterior chamber. The blood which arises from the ruptured 
vessels of the iris sinks rapidly to the bottom of the chamber (hyphema), 
and for the most part disappears by 
resorption within a few days. Then 
and not before, are we able to in- 
vestigate completeiy the damage 


which the iris has suffered from the —sys 
injury, and we find perhaps an irido- 
“ 


dialysis or radiating lacerations. But 
often even then it is impossible to 
discover a solution of continuity in 
the iris, and so the source of the bleed- 
soe SADA unknown. In TAY of The cornea is flattened. and consequently the 


ic : eous is pushed backward by the force which 
these cases the blood is supposed to oo Anon the center of the cornea. As a result 


7 ar ; f this, the iris in its lower part, u, bulges out in 
come from a laceration of Schlemm 8 the fast of a sac, but at its upper part, o, is com- 


eanal (Czermak) ‘ pletely reversed, so as to point straight backward. 

Treatment.—lf the symptoms of irritation after the injury are par- 
ticularly marked, we apply iced compresses for several days; in other cases 
it is sufficient to keep the injured eye under a bandage and to insure quiet 
on the part of the patient, secured, if need be, by rest in bed. If an irido- 
dialysis can be made out, we instil atropine in order that the contracting 
sphincter shall not draw the iris farther away from its point of attach- 
ment; in radiating lacerations, however, atropme is contraindicated, because 
it would make the lacerations gape still more. For the reabsorption of 


—=== 


Fic. 189.—INVERSION OF THE IRIS. SCHEMATIC. 


‘large quantities of blood diaphoretic treatment may be initiated. Initis 
is generally not to be apprehended after injuries of the iris not associated 
_with the perforation of the membranes of the eye. With reference to the 


a a pt eee 
treatment of perforating injuries, sce page 351. 
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| 
III. Tumors or THE IRIs AND CiLIARY Bopy 


394. (1) Cysts of the Iris——Serous cysts occur in the iris. These are 
filled with a clear substance, and develop within the stroma of the iris, so 
that their walls are formed by rarefied iris tissue (Fig. 190). Cysts develop 
after penetrating wounds of the eyeball, and grow very gradually until 
they reach the posterior surface of the cornea and fill half or more than half 
of the anterior chamber. Then elevation of tension supervenes, and as a 
result of this the eye becomes entirely blind. To prevent this, the cysts 
must be removed in season by an operation. This is performed by making 
an incision at the margin of the cornea at a point corresponding to the 
cyst; the forceps is entered through the incision, and the cyst, together 
with the adjoining iris, is drawn out and excised. Often complete removal 
is not possible, in which case a recurrence of the cyst is to be expected, 
which will require a new operation. [Cysts have also been destroyed by 
electrolysis.—D.| 


Serous cysts of the iris are a very rare affection. They appear under the form of 
grayish, transparent vesicles whose anterior wall usually shows still one or two fibers 
of rarefied iris tissue, and also some pigment. When they have reached the posterior 
surface of the cornea, they flatten out upon it, while the 
cornea at the point of apposition becomes cloudy, as it 
always does when in contact with foreign tissue. Mean- 
while the cyst has already reached the pupillary margin 
of the iris and pushes it forward into the pupil, so that 
the latter becomes kidney-shaped, and afterward even 
reduced to a slit. Moreover, the cyst keeps extending 
backward, too, and thus causes tilting and afterward 
opacity of the lens. All these factors give rise to distur- 
bance of vision, which to be sure, is frequently unnoticed 
by the patient, whose vision has already been impaired. 


Fie. 190.—Cysr or THE IRIs. 


The cyst occupies the inner 
lower portion of the anterior cham- 
ber. It is round, gray, and trans- 


lucent, and displays on its surface 
delicate, radiating fibers, which 
belong to the interior layers of the 
iris. Its upper and outer margin 
covers the somewhat distorted 
pupil, which appears as a dark oval 
spot showing through the cyst at 
a point about corresponding to the 
center of the cornea. Bordering 
the cyst on the outer side is a ver- 
tical, white, linear cicatrix in the 
cornea, originating from a perfor- 
ating injury that was caused by 
a kick from a hoof thirty years 
before. From all sides the iris 
is drawn into the cicatrix, and, 
owing to the tension thus pro- 
duced, the part of the iris that runs 
upward shows a partial dehiscence 
of its fibers, 


by the injury. 

Cases of congenital serous cysts have been observed; 
also cases of pearl cysts, which are distinguished from the 
serous cysts by their contents, which are pultaceous, 
tallowy, or like gruel; in rare cases hairs are also found 
in them. [Some congenital cysts have been observed 
which spring from the pars ciliaris retin and contain 
vitreous. They are therefore vitreous chamber cysts, 
although they project round the edge of the pupil into 
the anterior chamber and may even become detached 
and float free in the latter (Spicer).—D.] 

Microscopical examination of the eysts has proved 
that their walls are formed by iris tissue, while their 


inner surface is lined with epithelium, which secretes the serous contents of the cyst; 
in the pearl cysts the pultaceous contents are formed by the epithelial cells which are 
constantly thrown off from the inner surface and undergo fatty disintegration. 

We have as yet no certain explanation for the development of cysts except for the 


most ordinary kind, namely, the traumatic cysts. 


Normally there are nowhere in the 
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iris either glands or epithelium so that retention cysts are not to be thought of. The 
epithelium must have gotten into the iris from the outside. How this is possible He clear 
to us when we remember that in the process of healing in wounds of the cornea the epi- 
thelium on the surface usually gows rapidly down into the deeper parts (epithelial 
indipping, Fig. 112). Sometimes it happens that the epithelium extends beyond the 


Fic. 191.—Mucration oF EPITHELIUM INTO THE INTERIOR OF THE Eyn, Magnified 30 X 1. 


After an operation by flap incision for a senile cataract a good healing took place at first but after 
two years increase of tension set in. The eye became blind and had to be enucleated because of the 
constant pain. The figure shows the site of the scar which lies altogether in the corneal tissue, but, 
nevertheless, is covered by the limbus, L. Ho is the upper or peripheral, and Hu, the lower or central 
lip of the wound. The epithelium of the limbus grows over both lips of the wound down into the deeper 
parts and hence forms a hollow tube whose lumen, however, in many places has disappeared owing to 
the free surfaces being in apposition. Since the epithelial tube does not extend in a straight line in 
its passage to the deeper parts the section has not traversed it in its whole length but shows only sep- 
arate portions of it. Thus we see the epithelial indipping on the surface; again, in the middle of the 
scar a portion of the epithelial tube; and lastly, far down, the opening of the tube into the anterior 
chamber at the spot where Descemet’s membrane, D, was cut through. The epithelium winds over 
this cut edge and lines the posterior surface of Descemet’s membrane in a single layer of cells. On the 
other side, the epithelium lines the surface of the iris, J, forming here a stratum consisting of several 
ayers. The light spots, b, in the epithelium are produced by mucous degeneration of individual cells 
(beaker cells). Since the epithelium lines the anterior and posterior walls of the anterior chamber it 
forms an anterior-chamber cyst (Wintersteiner). : i 

The upper edge of the cut in Descemet’s membrane is turned somewhat forward and is separated 
by sear tissue from the lower edge. This scar tissue, on the one hand, juts somewhat into the wound 
canal and, on the other hand, it attaches the iris to the posterior end of the wound canal. In the ins 
we can recognize the muscular fibers of the sphincter pupille (at J), and hehind this a nodular inflam- 
matory infiltration, K. Between the latter and the scar tissue lies an islet of epithelium inclosing a 
“amall cavity. This epithelium is likewise genres from ber nonne Be eee med sere Se 

a setting pE etween the latter and the epithelial vesicle has not been travers 
Wound canal, but te connecting per ee ars here like an islet of epithelium. The latter constitutes 


by the section and hence this vesicle appe ; i 
the first beginning of an iris cyst. If the eye had not been enucleated the cavity of the vesicle would 


e become ressively larger, 80 that the vesicle would have penetrated further and 
Bere cate the eee the iris. The iris-~would thus have been divided into an anterior and a pos- 
terior layer of tissue which would have formed the anterior and posterior walls of the cyst. In time 
perhaps the epithelial tube lying within the corneal scar might have disappeared by a process of atrophy, 
so that the cyst of the iris would have appeared like an independent epithelial structure. 
inner orifice of the wound and into the interior of the eye. In that case it grows on along 
the walls of the anterior chamber and covers both the posterior surface of the cornea 
and the anterior surface of the iris (Fig. 191, D and b). Such a formation of an epithelial 
lining for the anterior chamber, which may receive the name of an anterior-chamber 


cyst, cannot be diagnosticated clinically, since the epithelium is transparent; but it ig 
i 
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very destructive to the eye as it leads to increase of tension because the epithelial lining 
hinders filtration through the sinus of the chamber. If the iris abuts on the posterior 
orifice of the wound the epithelium as it grows into the deeper parts gets into it (Fig. 
191); it pushes the layers of the iris further and further apart and becomes developed 
into an iris cyst (Stélting). . 

Cyst-like structures (pseudocysts) may be produced by the fact that portions of 
the anterior chamber become sacculated by adhesions of the iris to the cornea, and 
portions of the posterior chamber by adhesions between the iris and the lens—such 
sacculated portions afterward dilating from accumulation of the liquid contained in them. 

Not to be confounded with the cysts of the iris are the cysticercus vesicles, which 
in very rare cases are observed in the anterior chamber. They either lie free in the 
latter or are attached to the anterior surface of the iris. 

395. (2) Tuberculosis of the Iris—This is observed in children and 
young people. It occurs as disseminated (miliary) tuberculosis and as 
conglobated (solitary) tubercle—i. e., either in the form of small nodules 
or as a larger growth resembling a neoplasm. In the milder cases recovery 
may take place, while in the severe cases the eye is usually lost. The 
_ treatment consists, on the one hand, in combating the local symptoms of 
iritis, and, on the other, in the general treatment of the tuberculosis by 
hygienic means, internal remedies, and injections of tuberculin. But if 
the disease, nevertheless, keeps on and blindness is impending, it is better 
to remove the eye by enucleation, that it may not be the source of a further 
extension of the tuberculosis. 

There is no doubt, furthermore, that many cases of chronic iritis, in 
which real tubercle nodules are demonstrable neither clinically nor ana- 
tomically, are yet attributable to tuberculosis, and can be cured by treat- 
ment directed against it (tuberculin injections). It is unknown whether 
in such cases we have to do with an accumulation of (perhaps weakened) 
tubercle bacilli in the tissues of the iris or with a simple toxin action. 

{In giving tuberculin injections in tuberculous iritis we must be careful to avoid 
such a dose as will produce a focal reaction in the iris, evidenced by ciliary injection, 
hyperemia of the iris about the tuberculous foci and grayish deposits in the iris tissue 
(Gamble).—D.] 

Tuberculosis of the iris is a disease that is well understood, as it can be produced 
experimentally. Cohnheim has shown that tuberculous iritis ean be set up by the intro- 
duction of tuberculous masses into the anterior chamber. The tuberculous masses 
(fragments of excised tuberculous lymphatic glands, granulations removed from tuber- 
culous joints by scraping, ete.) must be aseptic—i. e., free from pyogenic germs—as 
otherwise, upon their inoculation into the anterior chamber, violent irido-cyclitis or 
even panophthalmitis would be produced, by which the eye would be destroyed. It 
is safer, therefore, to employ pure cultures of tubercle bacilli for the inoculation. The 
fragments of tuberculous tissue, when introduced into the anterior chamber, excite 
there a slight irritation, which, after a few days, disappears again. As the fragments of 
tissue themselves are 3 rapidly absorbed, the eye soon appears perfectly normal 
again, as if the inoculation had remained aithout result. But in twenty or thirty days 
afterward the eye begins to become red once more, and the phenomena of iritis make 
their appearance; at the same time small gray nodules are noticed in the iris. These 
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increase in number, become confluent, afterward fill the anterior chamber, and finally 
break their way through to the outside. Generally the animal experimented on after- 
ward perishes from the development of general tuberculosis due to infection starting 
from the eye. Tuberculous iritis is employed as a. means of demonstrating the tuber- 
culous nature of excised pieces of tissue, for which purpose we introduce the latter into 
the anterior chamber of a rabbit’s eye, and see if tuberculous nodules develop after the 
usual period in the iris. 

The tuberculosis of the iris experimentally induced in animals is a primary 


tuberculosis, but tuberculosis of the iris in man is secondary—i. e., has originated from 


another tuberculous focus somewhere in the body. As a meiier of fact, in most cases 
of tuberculosis of the iris, signs of tuberculous disease in other organs (lungs, lymphatic 
glands, bones, etc.) are also found. In many cases, to be sure, the patients appear to 
have been perfectly healthy up to the time of their eye trouble, but even in these cases 
a primary tuberculous focus (e. g., caseous bronchial glands), although not demonstrable 
clinically, must be assumed to exist—in fact, the iris on account of its protected situa- 
tion, cannot be infected by tubercle bacilli from without, as, for example, the conjunc- 
tiva ean, in which primary tuberculosis is not so very rare. 

Disseminated tuberculosis of the iris occurs in man under the form of an iritis, which 
presents as its characteristic feature the small, gray, transparent nodules spoken of. 
These keep changing slowly, some disappearing while others are being newly formed. 
Recovery may finally take place; not infrequently, however, atrophy of the eyeball 
occurs in consequence of plastic irido-cyclitis. The disease often develops in both eyes. 
Removal of the individual nodules through excision by an iridectomy of the portion of 
iris bearing them is generally useless, since new nodules form afterward in other parts 
of the iris. [Excision, moreover, is not free from danger, since it opens an avenue for 
the dissemination of the tuberculosis (Gamble).—D.] 

The solitary tubercle, as so far observed, is confined to one eye. It either develops 
simultaneously with the miliary nodules, or, more frequently, without them and with- 
out any symptoms of iritis, so that it resembles a neoplasm; indeed, it was at first 
described as such by Von Graefe, under the name of granuloma, because Virchow, who 
made the anatomical examination of the tumor, described it as granulation tissue. Its 
subsequent course seems at first to confirm the diagnosis of a neoplasm, since the tumor 
keeps steadily enlarging, and finally, perforating the cornea near its margin, pushes out 
in the form of an exuberant growth. But then, instead of a larger tumor develop- 
ing from this, which keeps growing on indefinitely, the growth breaks down, so that 
ultimately nothing is left of the eyeball but an atrophic stump. Haab was the first to 
bring proof of the fact that these tumors, formerly designated as granulomata, are 
tubercles. As far as treatment is concerned, however, this mistake in diagnosis would 
be of little significance, since enucleation is indicated alike in the case of a neoplasm 
and in that of a granuloma. The eye which harbors a granuloma is, in fact, lost for 
purposes of vision, and may become the source of a general tuberculous infection. 

The name of granuloma of the iris has also been bestowed upon granulating pro- 
lapses of the iris when they develop into small, mushroom-shaped growths, It is better 
not to use this designation; it gives rise, on the one hand, to confusion with the tubercles 
called granuloma, and, on the other hand, to the incorrect assumption that the growth 
in question is a neoplasm. wt 

Solitary tuberculous tumors have also been observed in the ciliary body. 

Nodular Conditions Resembling Tuberculosis. —Besides occurring in tuberculosis, 
iritis with the formation of nodules also occurs in louchaemia and pseudoleuchemia. Under 
the name of ophthalmia nodosa is denoted tbe affection ag ata tuberculosis pro- 
duced by the entry of caterpillar hairs into the conjunctival sac. Some weeks or months 
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later nodules develop with violent inflammatory symptoms in the iris and often also 
in the conjunctiva and cornea. Examination of the excised nodules shows that they 
contain caterpillar hairs (Pagenstecher and others). 


396. (3) Melanomata.—These are found under two different forms: 
The first consists in a blackish tumor which grows out from the stroma of 
the iris into the anterior chamber and arises from the proliferation of the 
chromatophores of the iris. The second kind of melanoma has its seat at 
the pupillary margin of the iris. It develops from the cells of the retinal 
pigment layer at the spot where it is reflected upon the anterior surface of 
the iris at the’edge of the pupil. Here small blackish-brown nodules develop 
which project into the pupil.!! Sometimes, in consequence of the alter- 
nating movements of the pupil, they become separated from the pupillary 
margin and then lie free in the anterior chamber. 


A feature common to both kinds of melanoma is that they are benign tumors 
which reach only a certain size. Nevertheless, cases are known in which pigmented 
sarcomata have afterward developed from melanomata of the first kind. 


397. (4) Sarcomata.—Sarcomata of the iris are for the most part pig- 
mented, brown tumors, which grow at first slowly, afterward more rapidly, 
until they fill the anterior chamber, and finally, breaking through the 
envelopes of the eye, extend their growth exteriorly. 

Sarcomata of the ciliary body remain for a long time unnoticed, since 
they are covered by the iris. It isnot until they have reached a certain size 
that they areseenas a brown projection behind the iris, or are recognized by 
their growing forwardinto theanterior chamber (Fig. 192). This latter process 
takes place at the angle of the chamber, where they push the iris away from 
itsinsertion (iridodialysis). Withregard to their subsequent course, sarcomata 
of the iris and the cilary body resemble those which spring from the 
chorioid, to which reference must be made for particulars (page 474). 

The only treatment for these tumors is radical removal, which should 
be performed as early as possible. Very small sarcomata of the iris can be 
removed by iridectomy, those parts of the iris which bear the nodules of the 
tumor being excised. Larger sarcomata of the iris, and also sarcomata of 
the ciliary body, require the enucleation of the eye without delay. 


398. Differential Diagnosis of Iris Tumors.—A non-pigmented nodular tumor in 
the iris may be a syphilitic growth (papule or gumma), a solitary tubercle, an unpig- 
mented sarcoma, or a granulation tumor which has formed about a foreign body imbedded 
in the iris. The distinguishing marks are as follows: 

1. The granulation tumors contain most vessels and are hence usually reddish. 
The vascularity of the sarcomata varies, but is often also quite considerable; the syph- 
ilitic growths have fewer, the tuberculous masses searcely any vessels passing through 
them. In the case of the tubercles, small gray tuberculous nodules of characteristic 
appearance are sometimes found in n the neighborhood of the large tumor. 


Such pigme ntary outgrowths occur ‘normally and greatly “developed in the iris of the horse 
forming the so-called grape kernels. : 
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2. Papules of the iris are situated only at its pupillary and ciliary margins—never 
at other spots—while other tumors may take their origin from any point whatever of 
the surface of the iris. 

3. With syphilitic and tuberculous tumors, iritis appears earlier than with sar- 
comata. 

4. Tubercle is found, as a rule, only in people under twenty, while both the other 
kinds of tumors usually occur after that age. 

5. Particular importance must be attached to the general examination of the 
patient, with the purpose of determining whether there is any evidence pointing to 
the presence of a foreign body in the iris, or symptoms of syphilis or tuberculosis are 
found in other organs, and for this purpose the diagnostic injection of tuberculin and 
the deviation of the complement by Wassermann’s test may be employed as an aid. 
In doubtful eases it is justifiable to initiate an energetic mercurial treatment, from the 
result of which a conclusion may be drawn as to the nature of the tumor. 


Fie. 192.—MeLaNno-saRcoMA OF THE Cittary Bopy. HorizontaLt Section THRouGH THE LEFT 
: EYEBALL or a THIRTY-EIGHT-YEAR-OLD Woman. Magnified 2X 1. 


si he cili st anterior portions of 
starts from the nasal side, n, of the ciliary body, and the mos ; 
the Stel geaat forms a hemisphere extending into the thereat of abe Sve: Hk aNoake peiecnsts and 
iz i : i ad an in-walle od- r 
striz in the tumor represent cross sections of the numerous broad a in b ; ; 
i i i oh ha ated the root of the iris, has pushed its way into 
its anterior border the new growth, which has perfora the: : ad its 
i i i r sh mass filling the sinus of the 
the anterior chamber, where it was visible in the living eye as a teat Me eT a 
; he iris is detached from its insertion by the tumor (iridodialysis). B ( 
a ee haart nearly to the axis of the eye, aries Doren of the tens bering dieppeared Sy 
i i 7 to the advancing tumor. e lens has consequently su D mo 
ee oe temporal side—enough, nevertheless, to make its edge abut ped a 
apices of the ciliary processes there and flatten them out somewhat. The lens is mranepareny a : ag 
lous capsule uninjured. The retina is adherent to the surface of the new growth, bu nee ere H 
d tachad There was no detachment, however, in the living eye, this condition oe | een cause 
by the shrinking of the vitreous in the hardening fluid. Before enucleation the eye had normal ten- 


sion and a visual acuity of yy. 


Among the pigmented tumors, pigmented sarcomata and melanomata (of the first 
variety) resemble each other exceedingly. They can be distinguished with certainty 
only by determining, from the previous history or frorn observation, whether a process 
of growth is going on or not. ; 

3 As te of very rare occurrence may be mentioned: Vascular tumors (Mooren, 
Schirmer); myomata (Lagrange), myo-sarcomata (De Wecker and Twanoff, Dresch- 
feld Dereshican) and endotheliomata (Franke, Wintersteiner) springing from the 
taliary muscle; eumharal growths resembling adenoma and carcinoma, nee from 

; a) Vict 
i i iliari tine (Radal, Lagrange, Lawford, etv.); metas- 

the cylindrical cells of the pars ciliaris re 
tatic partons (Uhthoff); hypernephromma (Chana); aud, lastly, lepra nodules (Bull 


and Hansen). 
29 
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TV. Disorpers oF MorTILity oF THE IRIS 


399. Disorders of motility of the iris manifest themselves in dimin- 
ished reaction of the latter, but chiefly in an alteration of the diameter of 
the pupil. This alteration is particularly striking when the disease affects 
but one eye, so that a difference in the pupils (anzsocoria!’) results. This is 
always to be regarded as a pathological condition, since in the normal state 
the two pupils are of the same size under all circumstances [see, however, 
page 385]. The pathological alterations of the diameter of the pupil com- 
prise dilatation (mydriasis), and contraction (miosis) of the pupil. Either 
of these conditions may be brought about by spasm (active or spastic proc- 
esses) or by paralysis (passive or paralytic processes). Spastic mydriasis 
is produced by active contraction of the dilatator; paralytic mydriasis, on 
the contrary, by paralysis of the sphincter. The converse is true of miosis; 
spastic miosis being referable to contraction of the sphincter, arid paralytic 
miosis to paralysis of the dilatator. 

400. Mydriasis.—Spastic mydriasis accompanies conditions of cerebral 
irritation of the most widely differing kinds [and irritation of the cervical 
sympathetic (see page 451). It is.produced artificially by cocaine. In spas- 
tic mydriasis the pupil usually still reacts (distinction from paralytic mydri- 
asis).—D.] 

Paralytic mydriasis is far more frequent. It is caused by paralysis of 
the fibers of the oculo-motor nerve, whose branches innervate the intrinsic 
muscles of the eye—i. e., the sphincter pupille and the ciliary muscle. 
These two muscles are hence generally found to be paralyzed simultane- 
ously (ophthalmoplegia interna [or interior]). The oculo-motor paralysis 
may be a diffused one—i. e., affect several or all of the branches of the 
nerve—or it may be confined to the pupil (either alone or in conjunction 
with the muscle of accommodation). Such isolated paralyses occur: 1. In 
syphilis. 2. In diseases of the central nervous system, and most frequently 
in tabes and progressive paralysis, which are also connected with syphilis. 
3. Through the action of poisons. Among these belong, above all, the alka- 
loids known as mydriatics. Paralysis of the pupil and of accommodation 
also occurs in case of poisoning by the toxic principles of putrefaction (rotten 
meat, fish, sausages, etc.). 4. After diphtheria (cf. § 797). 

Paralysis of the pupil and of accommodation, occurring after contu- 
sions and in case of increased tension, are accounted for by an entirely local 
lesion of the sphincter and the muscle of accommodation. In the case of 
contusions, besides the concussion, small lacerations and extravasations of 
blood into the muscles are also met with. In the case of increased tension 
the paralysis is produced by the pressure upon the nerves, with which 
afterward is associated an actual atrophy of the muscular fibers. 


From 4, privative: loos, equal, and xcopy, pupil. 
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The dilatation of the pupil in complete blindness (amaurosis) is not to 
be regarded as a disorder of motility of the iris, but simply as a physiologic 
cessation of the pupillary reflex when the perception of light is absent. 


. [Irritation of the cervical sympathetic is characterized by pallor of the face and 
increased secretion of sweat, dilatation of the pupil, moderate dilatation of the palpe- 
bral fissure (from spasm of Miuler’s muscle), and very slight exophthalmus. It is pro- 
duced by the instillation of cocaine, and may be caused by irritative lesions in the neck 
and cervical cord (in syringomyelia and as a prodrome of paralysis of the sympathetic), 
(Wilbrand and Saenger.)—D.] 


401. Miosis.—Spastic miosis is observed in beginning meningitis. The 
greatest degree of spastic miosis is produced by the alkaloids which contract 
the pupil (miotics) ; other poisons, such as opium and morphine, chloral, and 
nicotine, also cause contraction of the pupil, though in less degree. 

Paralytic miosis is one of the most important symptoms of paralysis of 
the cervical sympathetic. Moreover, it very frequently accompanies spinal 
lesions, especially tabes dorsalis, and also occurs as a spinal symptom in pro- 
gressive paresis. This spinal miosis is very often distinguished by the fact 
that the pupil has ceased to react to light, while it still contracts synchron- 
ously with accommodation and convergence (Argyll-Robertson’s symptom; 
see page 386). [Spinal miosis may 
be spastic. Paralytic is distin- 
guished from spastic miosis by the 
fact that in the former the pupil 
does not and in the latter it usually 
does dilate under cocaine.—D.] 

Paralysis of the sympathetic is char- 
acterized by a series of symptoms which 
Horner was the first to describe fully. 
The pupil is contracted through paralysis 
of the fibers which dilate it—a fact 
which is particularly manifested in the 
non-dilatation of the pupil when the eye 
is shaded. The difference between the 
diameter of the pupil in the two eyes is 
hence more striking in a feeble than in 
a bright light (Fig. 193). The palpebral 
fissure is smaller in consequence of 


193.—LEFT-SIDED SYMPATHETIC PARALYBIS. 


Fia. 
A, eyes when turned toward the light, B, eyes 


when turned away from the light. In both cases the 
left pupil is narrower than the right, but the difference 
is more pronounced in the second case when the right 
pupil is widely dilated because of the darkness. The 
upper lid on the left side hangs somewhat lower 
(ptosis), than on the right side, and moreover the 


drooping of the upper lid. This mod- 
erate ptosis is caused by the paralysis of 
the smooth muscular fibers in the upper 
lid described by Miiller (the musculus 
tarsalis superior), which are supplied by 
the sympathetic. The eyeball itself often 


lower lid rises somewhat higher, as can be made out 
from the fact that in this eye the distance between 
the border of the lid and the lower margin of the 
cornea is smaller. The greater elevation of the lower 
lid is caused partly by the paralysis of the mus- 
culus tarsalis inferior, partly by the enophthalmus, 
which, however, in this case arnounted to no more 
than a millimetre. 


seems to have sunk back into the orbit and to be less tense. An important symptom is 


the difference in the fullness of the vessels on the two sides of the face. 


In a recent 


paralysis the face is redder and warmer on the paralyzed side; afterward, the oppo- 
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site is the case, the paralyzed side being paler, cooler, and no longer sweating (a 
thing easily made out in men by the hat lining, which is stained with sweat on one 
side and not on the other). The causes of sympathetic paralysis are often the 
coarser lesions, and most frequently pressure on the nerve from tumors in the neck, 
such as goiter or enlarged lymphatic glands. More rarely it is caused by traumatisms 
(among which are fractures of the clavicle) and by operations, e. g., the extirpation of 
tumors [and sympathectomy]. Furthermore, tuberculous affections of the apex of a 
lung, lesions of the spinal cord, such as tabes, syringomyelia, or injury of the uppermost 
part of the cervical cord, and neuritis of the cervical plexus, have been observed as the 
cause of sympathetic paralysis. In most cases it is impossible to find a cause. The 
paralysis, in addition to the inconsiderable disfigurement due totheslight ptosis, causes 
no annoyance, and not infrequently is first discovered accidentally by the physician. It 
is commonly incurable. 


402. Enlargement and diminution of the pupil in themselves cause no 
considerable interference with vision if they are not combined with paral- 
ysis of accommodation. Hence they are but seldom, in themselves, the 
subject of treatment; their chief significance lies in their being an important 
symptom of a deeply seated and widespread disorder. This latter, there- 
fore, as a rule, is alone the object of treatment. Paralytic mydriasis may 
be treated symptomatically by miotics and electricity. 


If the inequality of the pupils is slight and neither pupil shows any great variations 
from the average pupillary width, we may be in doubt as to which of the two pupils is 
to be regarded as the abnormal one. If for example the right pupil is somewhat larger 
than the left, it is a question whether a mydriasis of the right eye or a miosis of the left 
is present. The distinction is to be made by carefully testing the reaction of each pupil, 
this being done by alternately shading and illuminating both eyes at once. The pupil 
which shows the less marked reaction of the two is the diseased one. 

Under the name of hippus is designated a pathological condition which consists 
in a constant and rapid change in the diameter of the pupil. Since even under physio- 
logical conditions the pupil never remains quite at rest, it is hard to draw the line between 
physiological and pathological inquietude of the pupil, and many believe that a genuine 
hippus does not: exist. [A periodically alternating (cyclic) contraction and dilatation of 
the pupil has been noted (sometimes in conjunction with a simultaneous alternating 
dilatation and contraction of the palpebral fissure) in cases of oculo-motor paralysis 
(Von Hippel, Coats). The miosis seems to be spastic and occurs in association with 
contraction of the internal rectus in the same eye.—D.] 

For disorders of motility of the ciliary body, see under the anomalies of accommo- 
dation ($§ 795 et seq.). 


V. ConGENITAL ANOMALIES OF THE [RIS 


403. (1) Membrana Pupillaris Perseverans [persistent pupillary mem- 
brane].—This consists of a gray or brown tissue which lies upon the anterior 
capsule of the lens in the region of the pupil, and is usually connected with 
the iris by brown filaments. Very frequently, however, there are simply a 
few brown dots present on the lens capsule or only one or two filaments that 
run from one portion of the pupillary margin to the opposite, and thus bridge 
over the pupil, or that pass from the iris to the capsule of the lens. They 
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bear a great resemblance to the posterior synechixe remaining after iritis, but 
do not, like the latter, rise from the pupillary margin itself, but outside 
of it, from the circulus iridis minor, which lies on the anterior surface of 
the iris (Fig. 194, c), and which, as embryology shows, gives off the vessels 
for the pupillary membrane. 


Persistent pupillary membrane is of comparatively frequent occurrence in new- 
born infants, but afterward disappears, except in a few cases in which remnants of it 
persist during the whole life. The brown filaments stretching from the pupil to the cap- 
sule of the lens are blood-vessels which have been obliterated and enveloped in pigment. 
Where they are attached to the lens capsule, the latter frequently shows a punctate, 
densely white opacity (Fig. 194, c). These brown filaments do not hinder the free move- 
ment of the pupil. Moreover, under atropine the pupil dilates ad maximum without suf- 
fering any change in its roundness, because the filaments are so extremely extensible. This 
is another mark distinguishing them from the acquired synechie due to inflammation. 


Fie. 194. Fia. 195. 


Fic. 194.—ReMatNs OF THE PupILLARY MEMBRANE. This rises under the form of a small fila- 
ment, c, from the circulus iridis minor, and runs to the pupil, in the center of which it becomes attached 
toa small, round, white capsular opacity. In spite of the filament, the lower half of the iris has retracted 
widely under atropine, so that the filament is greatly elongated; but the upper part of the iris is pre- 
vented by two posterior synechie (a and b) from submitting readily to the action of atropine. (See 


explanation to Fig. 171.) . Sit 
~ Fia. 195.—CoNGENITAL COLOBOMA OF THE Iris. Enlarged 2X1. The pupil as a whole is dis- 


placed downward, so that its upper border lies approximately behind the center of the cornea. It is 
continued below into the coloboma, and is hence pear-shaped. ‘The circulus minor grows more and 
more narrow below, so that at the lowest part of the coloboma it is no longer visible; on the other 
hand, the black fringe belonging to the retinal pigment of the iris is here proportionately broader. The 
contraction furrows of the iris are present only in its upper part. 


404. (2) Coloboma™ Iridis—Congenital coloboma of the iris is always: 
situated below. The pupil is continued downward to the margin of the cor- 
nea, growing narrower all the time, so that it has the shape of a pear with 
its small end at the lower margin of the cornea (Fig. 195). The sphincter 
encompasses the pupil and the coloboma, too, as far as the apex of the latter. 
Congenital coloboma is thus distinguished from the artificial one made by 
iridectomy. In the latter the sphincter is wanting in the course of the colo- 
boma, because it has been excised; it is seen to end with sharp edges at the 
dividing line between pupil and coloboma (cf. Fig. 402). Coloboma of the 
iris is very frequently combined with coloboma in the chorioid and in the 
ciliary body (see pages 479 and 482), and sometimes also with a small 
notching of the edge of the lens (coloboma of the lens) at the spot corre- 
sponding to the coloboma in the iris (§ 500). 


Congenital coloboma of the iris occurs under different forms. Besides the pear- 
shaped colobomata above described there are occasionally observed some in which the 


1 From xod\dfwHa, mutilation, 
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pupil has the shape of a keyhole, as in artificial coloboma. A special variety is the bridge 
coloboma. In this the pupil is separated from the coloboma by a narrow thread of iris 
tissue, which stretches like a bridge from one pillar of the coloboma to the other. In- 
complete colobomata are of comparatively frequent occurrence; there is then simply a 
shallow notching of the pupillary margin, or the portion of the iris corresponding to the 
coloboma is distinguished by a different color, this being generally due to the absence 
of the anterior layers of the iris at this point. 

With coloboma of the iris is often associated a pear-shaped appearance of the cor- 
nea, due to narrowing of the latter below. 

For the way in which a coloboma develops see page 481. 


405. (3) Irideremia (Aniridia).—The iris may be wanting either alto- 
gether or all except a small residual portion. This defect is frequently com- 
plicated with congenital opacities in the cornea or in the lens. 

406. (4) Ectopia Pupille.“—Even in the normal eye the pupil is not 
precisely in the center, but is usually placed a little below and to the inner 
side of it. While usually this can be noticed only 
upon careful examination, there are cases in which 
the displacement is so great as to be obvious at 

mac once; indeed, the pupil may be situated quite ec- 
Fic. 196.—Ectorta Purm.= ¢entrically, in the neighborhood of the corneal 


et Lentis. Ricut Eye. 


The pupil is pretty wide (6 margin. The displacement is oftenest observed to 
mm.), and not regularly cir- 


cular, and is displaced tempo- occur upward and outward, and is frequently 
rally. The broader nasal por- id 


tion of the iris displays the complicated with a dislocation of the lens (ectopia 
contraction furrows. The lens 


is slightly cloudy, smaller than lentis—Fig. 196). 
normal, and displaced in a di- - ’ a 
Bese on nna a ae of the 407. [(5) Ectropion Uveew.—As already stated 
pupil, that is, nasally. see 5 Z : 3 gal 

(page 366), the retinal pigment epithelium form- 
ing the posterior layer of the iris, turns over the pupillary margin so as to 
be apparent in front as a narrow, black rim encircling the pupil. Oceca- 
sionally a sector of it extends further so as to form a black apron on the 


anterior surfaee of the iris (Samuels). 


This occurs not only as a congenital but also as an acquired condition; in the latter 
case in atrophy of the iris (page 411), glaucoma (see page 502), and other grave diseases 
of the posterior segment of the eye, especially those caused by traumatism (Stern).—D.] 

408. The congenital anomalies above described are found, for the most 
part, in both eyes. They are apt to be inherited, so that they are frequently 
found in several members of the same family; they are often also met with 
in conjunction with other congenital anomalies. For the latter reason the 
disturbance of sight is often much more considerable than would be expected 
from the optical conditions. In such eyes there frequently exists very great 
myopia, hypermetropia, or astigmatism, or deficient development of the 
retina or even of the entire eye, the latter being considerably smaller than 
usual (microphthalmus). Such eyes, moreover, are more subject than nor- 
mal ones to disease—(e. g., to irido-chorioiditis, glaucoma, and cataract). 


Also called corectopi il,é ) 
so called corectopia, from kopy, pupil,ex, out of, and 7670s, place. 


CHAPTER VI 


DISEASES OF THE CHORIOID 


I. INFLAMMATION OF THE CHORIOID 


409. Inflammation of the chorioid (chorioiditis), if it remains confined 
to this membrane, produces neither external evidences of inflammation nor 
pain. The eye looks normal externally, and the disease manifests itself to 
the patient only through the disturbance in sight—to the physician, only 
through ophthalmoscopic examination. But if the disease passes over the 
anterior portion of the uvea it becomes recognizable exteriorly through the 
symptoms of cyclitis and iritis (irido-chorioiditis). 

Chorioiditis is distinguished as non-suppurative or as suppurative, 
according as the exudates disappear again by resorption or lead to the for- 
mation of pus. The ordinary variety of chorioiditis is the non-suppurative 
form, which is known as chorioiditis exudativa. Non-suppurative irido- 
chorioiditis generally runs a chronic course, being known as irido-chorioi- 
ditis chronica (see page 427). In suppurative chorioiditis it is only in rare 
cases that the inflammation remains confined to the posterior division of the 
eye. Asa rule, the condition present is a suppurative inflammation of all 
the membranes lining the interior of the eye—an inflammation, therefore, 
which, in severe cases, rightly bears the name of panophthalmitis. 


A. Chorioiditis Exudativa (Non-Suppurativa) 


410. General Characters. Symptoms.—Exudative chorioiditis ap- 
pears for the most part under the form of isolated foci of inflammation scat- 
tered over the chorioid (Figs. 197 and 199). While still recent they appear, 
when seen with the ophthalmoscope, as yellowish, indistinctly outlined spots 
which lie beneath the retinal vessels upon the red fundus oculi. The spots 
are produced by an infiltration of the chorioid with exudate which hides the 
red of the chorioidal vessels; furthermore, the overlying retina is clouded 
and gray, and covers the subjacent chorioidal mass as with a faint veil (Fig. 
197). In proportion as the exudate disappears by resorption the chorioid 
again comes into view, but in an altered state; it is atrophic, deprived of its 
pigment, and in part converted into cicatricial connective tissue. Hence, 
after the disappearance of the exudate, the diseased spot is seen to grow 
lighter in color. Where the chorioid has become altogether atrophic, a 
white spot is formed, because the white sclera then shows through; in other 
cases remains of the vessels and of the pigment are recognized in the white 


cicatrix. Afterward the pigment often proliferates, so that the chorioiditic 
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spots appear lined with black pigment or covered with black spots (Fig.199). 
The decolorized or pigmented spots remaining after chorioiditis may prop- 
erly be characterized as cicatrices of the chorioid. 


Fie. 197.—ReEcEeNnT CuHorrorpitis. (After Oeller.) 


A man twenty-six years of age otherwise perfectly healthy had noticed for one or two weeks flashss 
of light and-dark blue spots before the eye. Along the large retinal vessels starting from the papilla 
there is a whitish cedematous cloudiness of the retina. The chorioiditic spots are arranged irregularly 
about the macula lutea. The most recent spots are the ones that are most centrally situated; they are 
grayish-yellow with hazy outlines and without distinct markings. They represent an inflammatory 
opacity of the retina over the chorioiditic focus which is hence concealed. In the older spots, on the 
contrary, which are most numerous in the outer upper quadrant, these foci show through the cloudy 
retina under the form-of more sharply outlined disks of about one-fourth the size of the papilla and 
of a gray color with a lighter center. 


[Fra. 198.—Senite Gurrate Crorrormrrtis (Tay and Hutchinson). (After Weeks).—D.] 


The distinction between recent exudates and old atrophic spots in the chorioid is 
based upon the following signs: Exudates are of a yellow or yellowish-white color, do 
not have a sharp outline, and present to view no chorioidal vessels; retinal vessels, 
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which by chance run over them, show by their bending that a projection of the retina 
exists here, due to the prominence formed by the exudate. The atrophic spots are pure 
white, and have an irregular but sharp outline, often formed by a pigmented band. 
Pigment spots also lie in the white spot itself; sometimes, indeed, the growth of pigment 
becomes so excessive that the spots finally become entirely black. Moreover, remains 
of the chorioidal vessels are visible within the atrophic area. Such vessels not infre- 
quently present thickened, white-looking walls, or are even quite obliterated and con- 
verted into light-colored cords. 

In cases of old retino-chorioiditis the pigment often migrates from the chorioid 
into the retina. That the pigment is in the retina is obvious frei the fact that the retinal 
vessels in the spots where this pigment lies are covered by it, whereas they pass over 
pigment that is situated in the chorioid and are hence not hidden by it. 

There are cases in which the atrophy affects only the pigment epithelium, which 
gradually disappears. Then the stroma of the chorioid, with its vessels and pigmented 
intervascular spaces, is exposed to view, and there is developed the picture of a tessel- 
lated fundus resembling that observed as a physiological condition but much clearer 
cut (Fig. 201). This occurs both in diseases oi the chorioid and also in diseases of the 
outer layers of the retina, to which the pigment epithelium belongs. Besides being 
found in certain forms of chorioiditis, this change is also found in glaucoma, in myopia 
of high degree, in retinitis pigmentosa, retinitis syphilitica, ete. In old people, quite 
small, yellowish white spots, often surrounded by a dark fringe, are sometimes found 
in the chorioid. They correspond to crystalloid outgrowths of the lamina vitrea of the 
chorioid, over which the pigment epithelium has undergone destruction. [These are 
the so-called “druses’’! of the chorioid. Their true origin is probably in the pigment 
epithelium. They often project far into the retina. They seem rarely in themselves to: 
cause any special impairment of vision, the latter when it occurs being due to degenera- 
tive changes independently present. In their typical form druses are discrete, small, 
whitish, or yellowish spots, unaccompanied by pigmentation or changes in the vessels 
or the papilla. Sometimes they look like scattered rice grains sown in the red back- 
ground of the fundus or breaking their way through. Conglomerate and atypical forms. 
occur. They are found especially in the periphery of the fundus and also massed in the 
maculo-papillary region. In the latter situation they have been called chorioiditis 
guttata (Fig. 198) and Tay’s chorioiditis (although there is no real chorioiditis present) 
and Hutchinson’s disease. The latter includes several cases of central retinal degener- 
ation (see § 528). The white spots in retinitis punctata albescens (see § 527) have been 
regarded as druses (Leber). Although usually occurring in the aged, druses are found 
at times in the middle-aged and even in the young.—D.] 


411. Discrete Chorioiditis.—Chorioiditis occurring in isolated foc of 
inflammation is distinguished, according to the location of the latter, into 
different forms: 

1. Chorioiditis centralis is characterized by changes occurring directly in the region 
of the macula lutea. It thus causes a central scotoma. The most frequent cause of it 
is probably myopia, which, if of high degree, leads late in life, almost De exception, 
to changes in the yellow spot, which are mainly of an atrophic nature (F igs. 201 and Pe 
Inflammatory changes at this spot are often found in syphilis, in which the region © the 
macula is sometimes occupied by a large exudate, transformed later into a bluish-gray 
mass of connective tissue. Circumscribed disease of the macular region may also de- 


* has nothing fo do with Drise, gland. Both the English 


ee eterna fleet ae derived from the Bohemian druza and denote a cavity in @ 


‘‘druse”’ and its German equivalent are 
rock lined with ecrystals.—D.]| 
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velop as a result of injuries affecting the whole eyeball, such as contusions, the entry of 
foreign bodies into the vitreous, etc., so that the macula must be regarded as a particu- 
larly vulnerable spot in the background of the eye. Finally, there is observed in old 
people a disease of the macula which usually affects both eyes about equally, and is 
referable to senile changes. [This causes marked impairment of sight, especially for 
near work, even when but little change is discoverable by the ophthalmoscope.—D.] 

2. Chorioiditis disseminata is characterized by numerous round or irregular spots 
which are scattered over the fundus (Figs. 197, 199). This is an eminently chronic 
variety, in which, in the course of time, new spots are being constantly formed. Often 
this takes place discontinuously; i. e., after a long interval suddenly a number of new 
foci develop, as if the morbific agent had been carried by the blood-current to different 
parts of the chorioid at the same time. 


Fra. 199.—Cuorroipitis Dissremrnata. (After De Wecker.) 

That the chorioiditis has attacked a myopic eye can be recognized from the atrophic crescent 
which incloses the papilla upon the temporal side. The crescent is sharply defined by the scleral ring 
on the side next to the papilla, and by the pigment ring on its temporal side, and shows everywhere 
remains of the chorioidal vessels and also of pigment. The chorioiditic foci occupy chiefly the equa- 
torial parts of the fundus. They are white, with a lining of pigment of greater or less width; many 
also have spots of pigment in their interior. The retinal vessels are perfectly distinct as they pass 
across the spots and their pigment—i. e., they lie in front of the latter. 

In old cases, the chorioid is studded all over with spots, which in many places 
become confluent, so that the fundus looks spotted for a large part of its extent. The 
sight may, nevertheless, still be pretty good, if only the region of the macula lutea 
remains intact. In the beginning of the disease hyperemia of the retina and optie 
nerve is present, but later both become atrophic. The papilla takes on a dirty grayish- 
red color and loses its sharp outline (chorioiditie atrophy), the retinal vessels are fewer 
and are greatly contracted. 

A special form of chorioiditis disseminata is the chorioiditis areolaris, first described 
by Forster. In this the first foci develop in the vicinity of the yellow spot, while the 
subsequent ones make their appearance at a constantly increasing distance from the 
latter. The most recent foci, therefore, are always those situated at the periphery. 
The behavior of the individual spots is directly the reverse of the ordinary course pur- 
sued by chorioiditic patches; the most recent spots are entirely black, and afterward 
slowly enlarge, and at the same time become decolorized from the center toward the 
edge. ‘They look then like black rings inclosing a white center, and at last they get to 
be almost entirely white 
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3. Chorioiditis anterior deposits its foci of exudation at the periphery of the chorioid. 
These foci are therefore readily overlooked if we neglect to examine the most anterior 
portions of the fundus with the ophthalmoscope. Chorioiditis anterior occurs most 
frequently in eyes affected with excessive myopia. In young persons, chorioiditis 
anterior often occurs in consequence of hereditary syphilis; usually the periphery of 
the fundus is studded with roundish ink-black spots (see page 294). In old people, 
simple pigmentary changes are frequently found in the anterior portion of the chorioid. 


412. Diffuse Chorioiditis.—The variety of chorioiditis which is spread 
diffusely over the whole chorioid is always combined with a coincident affec- 
tion of the retina, and is therefore ordinarily known as retino-chorioiditis 
or chorio-retinitis. 


In the typical fashion in which it was first described by Férster this occurs in 
syphilis [B, Fig. 255]. In recent cases the retina appears clouded, and, furthermore 
the entire fundus is veiled by a fine punctate haziness of vitreous; moreover, circum- 
scribed exudates may also be present in the chorioid and the retina. These occupy 
mainly the region of the macula, and usually appear under the guise of large or small 
irregular patches, which are of a gray or dirty yellow color and are ill defined, so that 
they are discovered only upon careful examination with the erect image and with the 
pupil dilated. In the later stages the cloudiness of the retina disappears, to be replaced 
by atrophy; at the same time a migration of pigment under the form of numerous black 
spots takes place into the retina, especially at its periphery, so that there is produced a 
picture very similar to that of retinitis pigmentosa (see § 526). A similar finding is some- 
times had in cases of chronic diseases (either inflammations or new growths) of the liver 
associated with jaundice. There then ensues in conjunction with the symptoms of 
hemeralopia a chronic inflammation of the chorioid and retina with pigmentation of 
the latter (ophthalmia hepatica). 


413. Chorioidal Changes in Myopia.—Myopia is often complicated 
with changes in the chorioid, it being a rare exception to find the latter nor- 
mal in high myopia (Figs. 201 and 203). Theghanges in the chorioid in this 
case are, to be sure, less those of a chorioiditis proper than of a primary 
atrophy caused by the stretching which the chorioid necessarily undergoes, 
when the entire posterior segment of the sclera bulges backward, as is the 
éase in extreme myopia. 

The changes consist in an atrophy of the chorioid close by the papilla and in foci 
of disease at other spots, particularly in the region of the macula lutea. 

(a) Atrophy of the chorioid at the border of the optic disk begins at the temporal 
side of the latter in the form of a narrow light-colored crescent (Wisiraction crescent, 
called conus by Jager, Fig. 200 A, ab). This is accounted for by Stilling as being due 
to the displacement of the optic nerve-head toward the temporal side. As such crescents 
often occur in emmetropic eyes, their mode of development has already been considered 
on page 96. In near-sighted eyes the displacement of the optic nerve occurs mach 
more regularly and to a much greater extent. As the wall of the sclerotico-chorioidal 
canal is pulled away from the optic nerve on the temporal side, the pole and chorioid 
are pulled up over the nerve to a like degree on the jos side (Fig. 200, cd). Lies the 
nasal side the optic nerve shows through the sclera ana ghoribid, and hence oe mi 
ophthalmoscope we see along the nasal border of the papilla a somewhat hazy - ace 
crescent (swpertraction crescent—Weiss). With the displacement of the walls of the 
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Fia. 200.—Optic-NERVE ENTRANCE IN Myopia. 


A. OputTHaLmoscoric IMaGh OF THE PaprLta.—The papilla, b-c, is of the shape of an ellipse with 
its long axis vertical. In its outer half it shows the large physiological excavation, upon whose floor 
are visible the gray stipplings of the lamina cribrosa, while the central vessels ascend on the inner wall 
of the excavation. Adjoining the outer border of the papilla and not sharply separated from it is the 
bright crescent, a-b (distraction crescent). This is of a white color, while the papilla itself is reddish. 
The crescent is covered with brownish, elongated markings, representing remains of the stroma pig- 
ment of the chorioid. The temporal border of the crescent is sharply defined, and the chorioid adjoin- 
ing it is somewhat more pigmented than usual. On the other hand, the chorioid in the vicinity of the 
nasal border of the papilla shows a somewhat lighter coloration in the space between c and d, so that a 
yellowish crescent, which, to be sure, is not much more than a suggestion of one, is formed on the nasal 
side of the disk (supertraction crescent). 

B. LONGITUDINAL SECTION THROUGH THE HEAD OF THE Optic NERVE. Magnified 14 1.—The 
optic-nerve funiculi, wherever they consist of medullated fibers, are colored black by Weigert’s h»ma- 
toxylin stain; between them can be seen the septa, which remain unstained, and the longitudinal 
sections of the central artery and central vein. The black staining ceases abruptly at the lamina 
cribrosa. In front of the lamina cribrosa the head of the optic nerve presents the physiological exca- 
vation. This is a depression whose floor at its deepest part is formed by the lamina cribrosa. The 
temporal wall of the excavation slopes down quite gradually from the retina. The nasal wall declines 
abruptly, and shows the cross section of the central vessels. The trunk of the optic nerve is inserted 
obliquely into the eyeball and also passes obliquely through the coats of the eye: it looks as if these 
latter had been drawn to the temporal side, and the optic nerve to the nasal side, so that there has 
occurred a displacement of these two structures with reference to each other—a displacement which 
is most marked where the optic nerve passes through the sclera and chorioid—i. e., in the sclerotico- 
chorioidal canal. Consequently, the temporal wall of the latter is turned somewhat forward, and 
hence, since the overlying retina is transparent, comes into view when looked at from in front (with 
the ophthalmoscope), forming a bright crescent extending from 6 to the point a, where the pigment 
epithelium begins. _ The stroma pigment of the chorioid extends somewhat farther inward than does 
the pigment epithelium, and is consequently seen under the form of brown spots upon the light-colored 
crescent. The nasal wall of the scleral canal is turned partly backward, so that it has to pass in front 
of the most nasally situated portion of the optie nerve, c-d. As the dis lacement affects not only 
the aperture in the sclera but also the chorioid, the latter is also drawn up over the nasal 
border of the optic nerve as far as the point, c. Since now this nasal portion of the papilla, being cov- 
ered by the sclera and chorioid, is not distinctly visible with the ophthalmoscope, the papilla appears 
contracted in its horizontal diameter. Nevertheless, the portion of the optic nerve that is thus con- 
cealed gliimmers through its covering, so as to be distinguishable under the form of an ill-defined yellow- 
ish crescent at the nasal border of the papilla (c-d in Fig. A). The displacement of the optic nerve with 
reference to the sclera is shared in by the sheaths of the nerve. The dural sheath, du, and the adjoin- 
ing arachnoid sheath, ar, are separated from the nerve, especially at its temporal side, and the inter- 


vaginal space, v, v, is consequently dilated. On the other hand, the pial sheath, p, lies in close apposi- 
tion to the nerve. 
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orifice for the optic nerve there is afterward associated atrophy of the adjacent chorioid 
which now allows the sclera to show white through it. In this way the white Sarace 
on the temporal side of the optic nerve grows constantly in circumference and then 
extends along the upper and lower borders of the nerve to the nasal side of the latter 
until finally the papilla is surrounded on all sides by a white zone lercimmpiayilion 
atrophy; also called annular staphyloma—Fig. 201). The name staphyloma is properly 
applied to a bulging of the sclera, but is also applied to the atrophy of the chorioid 
which is the result of the bulging. The circumpapillary atrophy is generally broadest on 
the outer side, where it started. In the atrophic area the fundus is either a pure white, if 
the chorioid there has completely disappeared and the sclera comes into view; or sane 


of chorioidal tissue, such as vessels and pigment, are still present in it in varying amount. 


Fic. 201.—Funpvus 1n Myopia or Hich Decree. (In part after De Wecker.) 

The papilla is oblong-oval and has a physiological excavation to the outside of the point of en- 
trance of the retinal vessels. It is surrounded by atrophic chorioid, the staphyloma posticum. This 
is very broad on the temporal side, and consists there of two divisions; the outer, more pigmented one, 
showing with especial distinctness the remains of the chorioidal vessels. On the nasal side, the staphy- 
loma is narrower, is lined by a rim of pigment, and is of irregular contour. In one of the outlying 
portions is noticed a posterior ciliary artery which enters the chorioid from the sclera. The rest of 
the fundus is tessellated in such a way that the vascular network of the chorioid is clearly recognized. 
The region of the macula lutea is occupied by chorioiditic changes, consisting partly in an overgrowth 
of pigment (the small black specks), partly in atrophy (the white patches). 

The beginner in ophthalmoscopy regularly falls into the mistake of regarding the 
atrophic zone that surrounds the papilla as comprised in the latter, and of considering 
the entire disk-shaped, white surface as a specially large papilla. The boundary between 
papilla and cireumpapillary atrophy, in fact, is not well defined, the papilla being dis- 
tinguished from the atrophic area mainly by its red color. Indeed, the papilla often 
appears so red by contrast with the white surface surrounding it, that one might regard 
it as hyperemic. 

When the atrophic areas are large the papilla displays an elliptical shape, the short 
h the greatest diameter of the atrophic zone. When, 


axis of the ellipse coinciding wit 
, as is commonly the case, the papilla forms an 


therefore, the latter is broadest outward 
upright ellipse (Fig. 201). This change of shape must in part be referred to the fact 
that the papilla, being pushed toward one side in consequence of the bulging of the 
sclera, is seen in perspective foreshortening. But it is also due in part to the fact that 
the sclera and chorioid, which on the outer side haye moved away from the border of 
the papilla, have been drawn up over the border of t 
traction crescent). 


he latter on its inner side (super- 
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The retinal vessels that emerge from the papilla are thin and are marked by their 
straight course—looking as if they had been put on the stretch. 

Sometimes two or even three contrasting zones are present in the cireumpapillary 
atrophy which differ from each other in their pigmentation,and often also lie at different 
levels, and which bear witness to the fact that the development and enlargement of the 
staphyloma have taken place at different periods (Fig. 201). By proliferation of the 
pigment, brown or even black crescents are formed. 

The line separating the atrophic zone from the healthy chorioid is often sharply 
defined, especially if formed by a pigmented margin. In other cases a sharp border line 
is absent, a circumstance which indicates that the staphyloma is in process of growth 
so that an advance in the myopia is to be apprehended. 


Nasal Temporal 


Fie. 202.—INFpRIOR CrEscENT. Erect IMAGR., 

: The bright disk which at first glance might be taken for an enlarged papilla consists of two divi- 
sions. The upper, which is darker and of reddish hue, is the papilla proper, which has the form of an 
irregular oval. Its upper border is semicircular, its lower almost rectilinear, while its two ends are 
somewhat pointed. The orifice of exit of the vessels lies close to the lower border of the oval, and the 
vessels as they emerge are at first all directed downward. Hence those that are going to supply the 
upper half of the retina have to make a sharp bend in order to take the proper direction. Thus the whole 
arrangement of the vessels on the papilla has a peculiar appearance differing from the normal The 
lower division of the light-colored area is formed by the crescent, which is separated by a still brighter 
rim from the lower border of the papilla. The crescent is unusually large in this ease, and, in contra- 
distinction to the reddish papilla, is partly gray, partly white. It is lined by a delicate rim of pigment 
and a small patch of pigment also lies close to its temporal border. The fundus shows the pigmen- 
tation of a tessellated background 


The size of the atrophic area is, broadly speaking, in direct proportion to the degree 
of myopia, but variations from this rule very often exist in the individual cases—e.g., 
great myopia without atrophy of the chorioid, and vice versa. Not infrequently also 
white crescents and even annular white zones are found in emmetropic and even in 
hypermetropic eyes. 

What, ophthalmoscopically speaking, we call a staphyloma—i. e., the white ring 
that surrounds the papilla—is indeed caused by the protrusion of the sclera, but is not 
quite coincident with the latter, being, in fact, less extensive. In many cases of extreme 
myopia, however, it is also possible to recognize with the ophthalmoscope the limits of 
the actual staphyloma in the sclera under the form of a broad, dark, curved line, which 
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usually runs in the red fundus along the inner side of the white staphyloma and concen- 
tric with the latter. In well-marked cases we can see from the parallactic displacement, 
or from the bending of the retinal vessels as they pass over the dark curved line, that the 
latter corresponds to a sudden change of level in the fundus (staphyloma verum). [The 
line in this case is sometimes called Weiss’s line.—D.] 

White crescents are also observed at the lower border of the papilla (Fig. 202). 
These resemble in their appearance the acquired crescents due to myopia, but have an 
altogether different significance. They are congenital and are associated frequently 
with astigmatism amd almost always with incomplete acuity of vision [which, however, 
in many cases can be raised nearly or quite to the normal by proper glasses. Congenital 
and acquired crescents may occur in 
the same eye.—D.] 

With the circumpapillary atrophy 
of the myopic eye should not be con- 
founded cases of atrophy of the chori- 
oid about the papilla from other causes. 
Under this latter head belong atrophy 
after chorioiditis, and also the atrophy 
in cases of glaucoma, the so-called halo 
glaucomatosus. 

(b) The changes of the chorioid in 
the region of the macula lutea make 
their appearance when the myopia has 
reached a high degree. Both light- 
colored and pigmented spots are found 
(Fig. 201), and not infrequently also 
white branched lines. The spots grad- 
ually enlarge, and finally coalesce to 


: Fic. 203.—Tue Crentrat Buack Spor in Myopra. 

form pretty large atrophic vatches, Right eye, erect image. 

which may even ultimately become Fourteen days previously a black spot had appeared 
: before the eye which made reading impossible; the lines 

united with the staphyloma surround- of the book seemed bowed. The papilla is surrounded 

- h : i t 363 Of ex by a zone of atrophic chorioid. At the site of the macula 

ing the papilla. In such cases of exX- {i}tea there is a horizontally elliptical spot the marginal 


TODI1 Ss = ire pos- portions of which are deep black and the center a dark 
frome myopis, almost the entire po gray. It is sharply defined and is encompassed by an 


terior section of the interior of the eye irregular zone of atrophic chorioid in which, to the outer 
- - : hit atch side and below, lie two small streaky hemorrhages. 
is converted into a great white patch. The eyeground, being but slightly pigmented, enables 

¢ Tr] ronie one to recognize the chorioidal vessels; between the 
Moreover, hemorrhages occur sorte dad te papilla and macula lutea and out beyond the latter 
eyes,and that, too, preferably at the site the pigmentation of the eyeground is irregularly 


ee eee idliec thong, ASN ER And ant ee ee Pot 
rare, alteration found in myopic eyes, stretching of the chorioid. 
consists in the formation right in the macula of a coal-black, round spot which grad- 
ually grows to about the size of the papilla (Fig. 203). In the subsequent course of 
this lesion the center of the spot grows continually lighter. It is the changes in 
the macula lutea that, besides detachment of the retina, represent the greatest danger 
for the extremely myopic eye. They do not, like detachment, threaten the eye with 
complete blindness, but they render it unserviceable for any sort of fine work. Besides, 
they are much more frequent than detachment of the retina, inasmuch as only a few of the 
excessively myopic attain any considerable age without being affected with these changes. 
414. Anatomical Changes in Chorioiditis.—In exudative chorioiditis (Fig 204) 
there is first a cellular infiltration, which originates mainly from the innermost layers 
of the chorioid and spreads less toward the outer layers of the chorioid than it does in 
the direction of the retina. Within these two membranes, the retina and chorioid, the 
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infiltration is found chiefly along the vessels, which indeed may be said to be sheathed 
in the cells of the exudate. An exudate, often of considerable size, is deposited between 
the chorioid and the retina. This exudate is afterward transformed into a connective- 


Fic. 204.—Recent Cuoriorpitic Focus. Magnified 85 X 1. 


The cellular infiltration lies mainly in the layer of large vessels to which the vein a belongs while 
the vein 6 lies in the layer of medium sized vessels. The infiltration extends backward so far as to 
get between the lamelle of the suprachorioid s. The pigment epithelium, e, over the focus is preserved 
so that the latter under the ophthalmoscope must have been indistinct and, because the leucocytes 
concealed the red chorioidal vessels, must have appeared under the form of a somewhat light-colored 
and not sharply defined patch. 


Fie. 205.—O.p Focus or Crentrat RETINO-cHORIOIDITIS. Magnified 136 X 1. 


_ The inflammation has run its course in the chorioid and the outer layers of the retina in the 
region of the macula lutea; the figure represents only the edge of the focus which lies to the left of the 
drawing. In the focus itself the chorioid, Ch, is thickened and fibrous, and its vessels are to a large 
extent obliterated. Upon it lies the pigment epithelium, which at e has developed by proliferation 
into a double layer of cells. This corresponds to a black spot seen with the ophthalmoscope. The 
retina is adherent to the pigment epithelium and is degenerated. The fiber layer, f, is comparatively 


the best preserved but still it is filled with holes. The layer of ganglion cells has disappeared, the inner 
granular layer, 7 7, has been irregularly converted, and the layers of the retina that succeed it exte- 
tiorly have been entirely converted into a fibrous structure, b, composed of a new-formed connective 
tissue and of glia fibers, in which there still lie a few scattered exterior granules. The adjacent retina is 
drawn up by the shrinking of this tissue (cicatrix). This fact can be most distinctly made out from 
the wrinkling which the inner granular, 7, has experienced because of the traction, with the result that 
it shows in the section, at 7 and n, a kinking which appears Z-shaped in the section. To a smaller 
extent also this wrinkling is present in the rarefied external granular layer, a. Here the wrinkle is 
situated at the margin of the focus, at kh: from this point the outer passes forward to the inner granular 
layer and becomes amalgamated with it. The atrophic intermediate granular layer, z, consists of del- 
icate oblong fibers (supporting fibers), which come into view because of the atrophy of the nerve tissue 
The layer of rods and cones, s, and also the pigment epithelium, e1, are fairly well preserved up to the 
edge of the focus, h. Here there is an interruption of the pigment epithelium and, from this point on 
the rods and cones are obliquely placed and elongated up to the spot where they finally disappear alto- 
gether. Owing to their oblique position there was distorted vision (metamorphopsia) at the bor- 


der of the blind spot or scotoma, that corresponded to the focus it in whi i 
Dee enter lee on. p 0 is itself in which the visual cells had 


tissue membrane (cicatrix), binding the chorioid fast to the retina; and in this situation 
these two membranes themselves become atrophic (Fig. 205). From the chorioid the 
fine vessels and also the chromatophores in great part disappear; and the vessels that 
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are left either have their walls thickened and sclerosed, or are obliterated altogether. 
The retina is converted into a network of connective tissue and glia, in which can be 
seen the vessels with their walls greatly altered. Wherever the chorioid is adherent 
to the retina, the layer of rods and cones is absent, and so is the pigment epithelium, 
except for a few remnants. On the other hand, the pigment epithelium at the border 
of the scar proliferates; hence the black lining of the chorioiditic patch visible with 
the ophthalmoscope. In part the proliferating pigment epithelium migrates into the 
retina, where it is found particularly in the neighborhood of the vessels. The inner 
surface of the retina is sunken at the site of the cicatrix, and is frequently adherent to 
the surface of the vitreous (to the hyaloid membrane). 

In irido-chorioiditis chronica the changes in the chorioid and retina are similar to 
those just described, with the addition of the evidences of chronic inflammation and 
afterwards of atrophy in the iris and ciliary body. 

The changes in the chorioid in myopia consist mainly in atrophy with slight evi- 
dences of inflammation. From the stretching of the chorioid results a splitting of the 
lamina vitrea. This latter gapes and so later on does the underlying tissue of the cho- 
rioid. At these points the retina becomes adherent to the chorioid, the rods and cones 
being at the same time destroyed so that the sight is impaired (Salzmann). 


415. Complications.—It is evident that the retina, since it directly 
adjoins the chorioid, must be sympathetically affected in those spots where 
the chorioid is diseased. If the implication of the retina is particularly 
prominent, we speak of retino-chorioiditis. Moreover, the exudates from 
the chorioid pass not only into the superimposed retina, but also through 
the latter into the vitreous. Opacities of the vitreous thus produced are 
hence an almost constant accompaniment of chorioiditis. 

416. Symptoms.—It is the implication of the retina and vitreous which 
causes disturbances of vision of various kinds, and thus directs the patient’s 
attention to the eye. The vision is diminished’as a whole on account of the 
cloudiness of the vitreous and the hyperemia of the retina. But in those 
spots in which inflammatory foci exist, sight may be entirely abolished, so 
thatinsular defects (scotomata) are presentin thefield of vision (see page123). 
Owing to the fact that the retina over the focus of inflammation is pushed 
forward and its elements are displaced from their normal situation (Fig. 
205), objects whose images fall on the retina may appear distorted (meta- 
morphopsia) ; straight lines, for instance, appear bent in various directions. 
Frequently also objects appear smaller than they are ( micropsia) [or in the 
atrophic stage look larger than they are (retinal macropsia). See page 126. 
—D.] As long as the inflammation is recent, symptoms of irritation of the 
retina manifest themselves; subjective sensations of light (photopsiz) exist, 
such as spots before the eyes, sparks and balls of fire, etc. These phenomena 
cause the patient annoyance and anxiety, sometimes to an extreme degree. 
When. after the subsidence of the inflammation, atrophy of the chorioid and 
of the auperinposed layers of the retina has taken place, signs of absence of 
function—i. e., gaps in the field of vision—take the place of the signs of 
irritation. The influence that the scotomata exert upon the sight in general 

30 
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depends primarily upon the place they occupy in the fundus. Peripherally 
situated scotomata cause but little disturbance of vision, even when they 
are pretty numerous; and if they occur only in one or two places they usu- 
ally escape the patient’s notice altogether. On the other hand, when a 
scotoma occupies the site of the yellow spot the disturbance of vision is as 
great as in the preceding case it is trivial; direct vision is then destroyed, 
and the eye becomes unserviceable for fine work. The first case would be 
met with in the chorioiditis represented in Figs. 197 and 199, the second in 
Figs. 201 and 203. 

417. Course.—The course of chorioiditis is chronic, it taking many 
weeks for the foci of exudation to be converted into atrophic spots. The 
opacities of the vitreous last even longer—often, in fact, permanently. But 
chorioiditis is chiefly dangerous because of its tendency to recur, in conse- 
quence of which new foci of inflammation are constantly developing in the 
chorioid, so that the latter is finally covered all over with old and recent 
spots. With this is ultimately associated atrophy of the retina and optic 
nerve, so that obstinate cases of chorioiditis terminate in partial or total 
blindness. When the affection of the chorioid is well advanced, clouding of 
the lens (cataracta complicata) is almost always associated with it. 

418. Etiology.—Exudative chorioiditis is a frequent disease, which is 
observed at all ages. Among its most ordinary causes is syphilis, both 
acquired and hereditary. As a result of the latter, cases also of congenital 
chorioiditis have been observed. Chorioiditis may also be caused by gen- 
eral disorders of nutrition of various sorts, such as anzemia, chlorosis, tuber- 
culosis (see page 479), scrofula [gastro-intestinal toxemia, dental and ton- 
sillar infection],etc. In many cases of chorioiditis the cause remains obscure. 

419. Treatment.—Thetreatmentof chorioiditis mustregard mainly the 
etiological factor.- When, as in syphilis, this is readily amenable to therapy, 
favorable results are promptly attained—in fact, syphilitic chorioiditis 
offers the best prognosis, as by energetic antisyphilitic treatment speedy 
improvement in most cases, and often even an entire cure, can be obtained. 
If there is evidence that the nature of the chorioiditis is tuberculous, tuber- 
culin injections (see pagé 70) with invigorating general treatment are advis- 
able. [Moreover, we must look out for other possible causes of chorioiditis, 
such as metabolic disorders, remote infections, ete., by a searching exami- 
nation (cf. page 435), and if these arefound must seek to remedy them.—D.] 
To be sure, we are not always able to prevent the frequent recurrences 
which may still lead ultimately to destruction of sight. 

The treatment of the local changes should aim to produce rapid resorp- 
tion of the exudate in the chorioid and the retina and also in the vitreous. 
Suitable remedies for this purpose are the iodide of potassium or, when nec- 
essary, a treatment by inunction, which, even in non-syphilitic cases, can 
do good service through its absorptive action; furthermore, diaphoresis and 
subconjunctival injections of salt solution. In marked hyperzemia of the 
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fundus, bloodletting may be performed by the application of six to ten 
leeches behind the mastoid process. Besides these measures we must 
enforce what may be called the hygiene of the eyes—that is, the avoidance 
of any straining of the eyes, and the protection of them from light by dark 
glasses, or when necessary, by rest in a darkened room. 


B. Chorioiditis Suppurativa, Endophthalmitis 


420. The feature which the diseases above named have in common is 
the purulent exudation into the vitreous. This is the analogue of the accum- 
ulation of pus in the anterior chamber, but with the difference that a hypo- 
pyon can disappear without entailing any lasting injury, while suppuration 
in the vitreous leads to permanent and serious changes and generally, in fact,. 
to the destruction of the eye. Like hypopyon, the pus in the vitreous is 
thrown out by the membranes that line the cavity. The starting point of 
an inflammation of this sort may be in (1) the chorioid. This is the case if 
pyogenic bacteria have been carried by the blood current into the vessels of 
the chorioid and lodge there (metastatic inflammation). The inflammation 
then passes from the purulent foci in the chorioid to the other membranes: 
lining the interior of the eye, and the pus thrown out by these membranes: 
is poured into the vitreous. These cases are rather rare in comparison with 
the much more frequent instances in which the starting point of the inflam- 
mation is (2) the vitreous itself. In this case the bacteria are introduced 
from outside and most frequently by means of a perforating injury. The 
germs that excite the suppuration then, starting from the vitreous, act by 
means of the toxins that. they produce upon the membranes that line the 
vitreous cavity—primarily upon the ciliary body and retina and secondarily 
upon the chorioid. In some cases of perforating injury and also after per- 
foration of a corneal ulcer, the bacteria get into the (3) aqueous chamber first 
and then pass from this into the vitreous, or sometimes it is only their 
toxins that pass by diffusion from the aqueous into the vitreous chamber. 
In all cases, however, the purulent exudate that is thrown out by the inner 
coats of the eye is poured into the vitreous, and hence, although the 
starting point of the inflammation is different in the different cases, 
being in the vessels of the chorioid in some, in the vitreous in others, and 
in the aqueous chamber in other instances still, the ultimate result is the 
same in all, namely a deposition of a purulent exudate in the vitreous due 
to inflammation of the inner coats of the eye (endophthalmitis). We may 
distinguish three categories of endophthalmitis: 

421. (1) That in which the purulent inflammation remains confined to 
the posterior segment of the eye. Since the posterior membranes of the eye; 
i. e., the chorioid and retina, have no sensory nerves, even a purulent inflam- 
mation of them runs its course without pain and without external evidences 
of inflammatory reaction. Hence exteriorly the eye appears normal, and we 
simply see deep in behind the lens the yellow exudate in the vitreous— 
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abscess of the vitreous (Figs. 179 and 180). Later on, this is transformed into 
a membrane, by the shrinking of which the retina is detached and the eye- 
ball becomes softer (atrophy of the eyeball). From the start the sight is very 
much reduced by the exudation in the vitreous, and later is as a rule abso- 
lutely annihilated. It is only in exceptional cases that a portion of the 
retina remains attached, and that a residue of sight is preserved. . 

The cases of simple suppurative chorioiditis whichrun their course with- 
out producing an external inflammation are rare. 


Cases of simple abscess of the vitreous may be confounded with neoplasms in the 
eyeball. This is possible because the inflammation in these cases runs so sluggish a 
course that all external signs of inflammation are wanting. The eye is not discolored, 
the iris is normal, the aqueous and lens are clear. The lens and iris are pressed forward 
by the exudation in the vitreous, and the anterior chamber is made shallower. The pupil 
is dilated, and permits the exudate, or abscess, to be seen deep down in the vitreous. 
Sometimes the exudate is visible even some distance off as a vivid, light-colored (whitish 
or yellow) reflex from the pupil (amaurotic cat’s eye [Beer]). Just the same phenomena 
may be produced by new formations in the vitreous, and particularly by gliomata 
arising from the retina (see § 535), for which reason many cases of the sort described 
above have been designated as pseudo-gliomata. The most important distinctive mark 
lies in the tension of the eye. This, in genuine glioma, is normal in the beginning, and 
afterward is increased; in pseudo-glioma, on the contrary, diminution of tension soon 
sets in, which is followed by the shrinking of the eye. Then the subsequent course 
“renders the true state of the case perfectly clear, inasmuch as glioma afterward breaks 
through the sclera and keeps on growing, while in pseudo-glioma the eye keeps con- 
stantly growing smaller.2 But now in glioma it is requisite to remove the eye as early 
as possible, and it is therefore not right to wait a long time in doubtful cases until the 
diagnosis can be determined with certainty. In so doing, we should be putting our 
patient’s life in jeopardy. Hence, in doubtful cases, we perform enucleation. Even if 
it should then turn out that the case was one of pseudo-glioma, the patient has not lost 
much by the enucleation, since the eye is already blind and would be much shrunken. 
In any case, the question of a confusion with glioma would come up only in eases of 
sluggish abscess of the vitreous occurring in children, since it is only in the children 
that glioma of the retina is found. The causes of pseudo-glioma are most frequently 
meningitis, also the acute exanthemata, and finally injuries, particularly those attended 
with the presence of a small foreign body in the interior of the eye. One or two cases of 
pseudo-glioma have turned out on dissection to be tuberculosis of the chorioid; {others 
are due to exudative retinitis]; and in some instances a mass of tissue of fetal 
origin situated behind the lens is the cause of the yellow reflex in the pupil. 


_ 422. (2) The purulent inflammation extends from the back part of the 
eye to the region of the anterior chamber; and in other cases, as stated 
above, it starts from the latter. There is then together with the suppura- 
tion in the vitreous a purulent iritis (endophthalmitis septica). In such eases 
the suppuration in the vitreous cannot be recognized with the same cer- 
tainty as in the case of a simple abscess of the vitreous, because exudation 
into the anterior chamber (a turbidity in the aqueous, a hypopyon, a pupil- 


2 {In rare cases, however, a glioma or sarcoma may be associated with iri iti 
v ases, ho ; 8a y be associated with irido-cyclitis and come t 
be lodged in a phthisical eye. See remarks under Sarcoma of the Chorioid, page 476.—D.} 2 
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lary membrane) often interferes with a view into the deeper parts. And yet 
it is in these cases, which externally look like a violent suppurative irido- 
cyclitis, that it is particularly important to determine whether the purulent 
inflammation is present in the posterior segment of the eye also, because 
upon this point depend both prognosis and treatment. Indeed, in case of 
suppuration of the vitreous the eye is lost, and if we are dealing with trau- 
matic cases, enucleation is indicated. In cases in which the exudate in the 
vitreous cannot be seen directly, the diagnosis must be based on a test of 
the light perception (see § 754). If this is nearly or quite abolished, it is a 
proof that the retina is no longer functioning, which may be taken as evi- 
dence that there is a purulent inflammation of the latter (cf. page 416). 

The outcome of.endophthalmitis may be gradual shriveling of the eye 
just as in abscess of the vitreous. In the severest cases, on the other hand, 
the pus accumulated in the eye breaks through to the outside, and these 
cases are denoted as— 

423. (3) Panophthalmitis—The cedema of the lid increases so much 
that the physician can scarcely separate the lids. The appearance of the 
eyeball varies. If the suppuration originates in changes in the anterior 
division of the eyeball—e. g., from corneal ulcers, or from injuries—the 
symptoms of these conditions appear in the foreground, while those cases 
in which the inflammation has taken its origin in the deeper parts, show the 
picture, portrayed above, of a yellow exudate!behind the lens. In any case, 
whatever the appearance of the eye, there is present as one of the chief 
symptoms of panophthalmitis marked protrusion of the eyeball (exophthal- 
mus) with abolition of movement. The pain can scarcely be borne, and not 
infrequently annoying photopsiz also are present. There is fever, and vom- 
iting frequently occurs, especially at the beginning of the disease. These 
symptoms keep on until the purulent exudate in the interior of the eye 
makes an exit for itself by breaking through the sclera. Perforation takes 
place in the anterior division of the sclera. The conjunctiva is seen to 
bulge forward at some spot, showing the yellowish, discolored sclera through 
it, until finally sclera and con) unctiva are perforated and the purulent con- 
tents of the eyeball are slowly extruded. After perforation has occurred the 
pains soon cease, and the eye becomes softer and ultimately shrinks up to 
a small stump (phthisis bulbi). It takes at least six to eight weeks for 
this result to be attained and for the eye to become perfectly free from pain. 

Panophthalmitis, therefore, is an endophthalmitis which goes on to the 
formation of an abscess, and is characterized by the development of two 
additional symptoms—protrusion of the eyeball and purulent perforation 
of the envelopes of the eye. The protrusion 1s due to the Peanon of the 
inflammation to the tissues behind the eye and above all to Tenon’s capsule; 
and just as the lids and conjunctiva are cedematous, 80 also there develops 
a marked inflammatory oedema behind the eye and in consequence of this 


a protrusion of the ball. 
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Most cases of panophthalmitis are caused by injury. If the latter is of such a 
character that the eye is extensively opened, the purulent exudate may be discharged 
through the wound. This is true of the cases of panophthalmitis after extensive sup- 
puration of the cornea. In all these cases the pus in the interior of the eye is not under 
any pressure, and hence the disease runs a mild course with but little pain and slight 
inflammatory symptoms. The total course, too, is comparatively quick, since the con- 
dition can proceed without waiting for the sclera to be perforated, which always requires 
a long time. Yet not infrequently even in these cases, in which the purulent exudate 
pushes out through the wound, perforation of the sclera by pus is also seen to take 
place as usual. Panophthalmitis after severe injuries must, from a certain point of 
view, be regarded as a more favorable outcome than a plastic irido-cyclitis. The former 
to be sure, causes more violent pain and leads to a greater degree of shrinking of the eye; 
but when it has run its course the patient has a lasting respite. Plastic irido-cyclitis, 
on the other hand, often for years produces after-attacks of inflammation, and may 
also give rise to sympathetic disease of the other eye, if the patient does not submit to 
enucleation at the proper time. 

For the anatomical changes in irido-chorioiditis suppurativa, panophthalmitis, 
and ophthalmia metastatica, see page 417. 


424. Etiology.—The three categories of purulent inflammation of the 
interior of the eye are essentially the same processand differ simply in extent 
(in one instance being confined to the posterior division of the eye, in the 
other affecting the whole interior of the ball) or else differ in the intensity 
of the inflammation (termination in one case bemg in gradual shriveling, in 
the other in suppuration). Hence the three categories are in no way sharply 
differentiated from one another, and there are transition forms between 
them. 

So, too, the etiology of all three is alike. It is always a case of an infec- 
tion of the interior of the eye by pyogenic germs. The infection may origi- 
nate from the outside or have its source in the body itself. 

Infection from the outside (ectogenous infection) oecurs— 

(a) Most: frequently from penetrating injuries of all kinds. In this 
category belong unsuccessful operations. 

(b) From the passage of suppuration from without inward, in the case 
of perforating ulcers of the cornea, and from prolapses of the iris that are 
covered with pus. 

(c) As a process starting from a cicatrix of the cornea with [or even 
without] incarceration of the iris, when the cicatrix is thinned. Under this 
head belong the incarcerations of the periphery of the iris, that not 
infrequently remain after cataract operations. Infection takes place 
in these cases from the germs penetrating through the thin cicatrix 
into the tissue of the inearcerated iris, and then traveling in the 
latter backward into the eye. The starting’ point for the infection of 
the eld cicatrix may be afforded by inconsiderable lesions of the epithelium 
covering the cicatrix, or by sudden stretching or bursting open of the 
latter. [See also page 318 .] 
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Infection by carriers of infection, which arise from the organism itself 
(endogenous infection), takes place— 

1. Through embolism, septic substances from a focus of suppuration 
getting into the circulation and becoming arrested in the vessels of the cho- 
rioid. In this way metastatic ophthalmia develops. This is one of the symp- 
toms of pyemia, and most frequently of that form which makes its appear- 
ance in the puerperal period as puerperal fever. Moreover, we often find 
metastatic purulent chorioiditis in meningitis, and particularly in cerebro- 
spinal meningitis. These cases are observed chiefly in children, and are dis- 
tinguished by their comparatively mild course, so that in rare instances 
actually some small degree of sight is still retained. 

2. By transfer of inflammation from behind forward in phlegmons in 
the orbit and in thrombo-phlebitis of the orbital veins. 

3. By direct transmission of inflammation from the meninges to the 
eyeball along the sheaths of the optic nerve. This occurs in certain cases 
of meningitis. But most cases of suppurative chorioiditis due to menin- 
gitis are metastatic in origin (see above), 


Metastatic ophthalmia occurs both as a unilateral and a bilateral affection. Cases 
of the former kind generally afford a better prognosis as far as the pyzemia is concerned, 
and particularly so when no metastases are observable, except the one in the eye. The 
prognosis that appertains to the bilateral cases, on the other hand, is extremely bad, 
even for life itself. 

Many cases of panophthalmitis that develop suddenly, and to all appearances 
spontaneously, should perhaps be regarded as one of the symptoms of a pyemia whose 
point of origin is undiscoverable. In children suppuration of the umbilical cord, and 
sometimes also vaccination, may give rise to pyemia with metastatic ophthalmia. 
{Metastatic ophthalmia may also be caused by gonorrhoea (Von Hippel).—D.] 

Besides occurring in pyemia, a purulent chorioiditis, doubtless also of metastatic 
origin, occurs in rare instances in other acute infectious diseases, such as typhoid fever, 
variola, scarlet fever, anthrax, influenza, ulcerative endocarditis, diphtheria, erysipelas, 


pneumonia, and Weil’s disease. ¥ f 
For the exciting germs of endophthalmitis, see pages 34 and 36, 


425. Treatment.—Treatment cannot save the sight in suppurative 
chorioiditis. In cases in which the inflammation is not too violent, we con- 
fine ourselves to alleviating the pain by means of moist warm compresses 
and narcotics, until the shriveling eyeball becomes gradually destitute of 
sensation. If the pain is very severe, it is better to relieve the patient of a 
long and painful malady by early enucleation, especially when the disease 
threatens to go on to panophthalmitis. Enucleation is unconditionally 
indicated in all traumatic cases, since then it is a question not simply of cut- 
ting short the disease, but of preventing sympathetic ophthalmia. When 
there is a fully developed panophthalmitis, enucleation is not without risk 
(on account of the danger of a succeeding suppurative meningitis). We do 
better, therefore, if we content ourselves with opening the eye in its anterior 
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portion, either by abscising the cornea or by making a free incision in the 
sclera. In this way the eyeball, which is tightly distended by the exuda- 
tion, is freed from tension, the discharge of the suppurating contents of the 
eye is accelerated, and thus the pain and the progress of the disease are cut 
short. When the eye at last, becomes shrunken it usually remains quiescent 
and also admits of an artificial eye being worn over it. Should, however, 
secondary inflammatory phenomena set in, as they may exceptionally do 
in the shrunken eye, its enucleation is indicated. 


Apart from simple incision of the sclera, different methods have been attempted 
for cutting short the course of panophthalmitis, particularly enucleation and the ablation 
of the anterior section of the eye, with scooping out of the contents of the eyeball. In 
fully developed panophthalmitis enucleation sometimes results in purulent meningitis 
with a fatal issue. It must be assumed that by the operation the blood and lymph 
passages in the orbit are freely opened, and thus made accessible to infection. 
Whether the scooping out (exenteration or evisceration) of the suppurating eye is a 
less dangerous procedure is questionable, since cases of death after this operation 
have also been observed (Schulek). It must be noted, however, that some cases have 
been known in which fatal meningitis has succeeded a panophthalmitis without 
any operative interference. ([Cf. §§ 892, 894.] 

. (426. Primary Chorioidal Sclerosis.—This is a rare condition characterized by 
atrophy of the pigment epithelium and the chorio-eapillaris, so that, owing to the expo- 
sure of the chorioidal stroma, the red fundus becomes browner in tint. The large cho- 
rioidal vessels stand out clearly and are accentuated by white lateral streaks which lie 
upon them and in advanced cases merge over them, so that the vessels appear of a creamy 
white. The process may be macular (occurring as a degenerative condition in old people), 
circumpapillary, or general. Syphilis, arteriosclerosis, nephritis, and menstrual dis- 
turbances have been assigned as causes, but the etiology is obscure. The condition is 
not inflammatory, but must be regarded as a primary degeneration of the chorioid 
(Wood).—D.| 

427. Detachment of the Chorioid.—This is frequently found in the dissection of 
enucleated eyes. In shrunken eyes the chorioid—and the ciliary body, too—are very 
frequently found to be detached by the exudates which are present in the vitreous cham- 
ber, and which exert a centripetal traction in all directions (a, a, Fig. 176). Then owing 
to the negative pressure serous liquid collects beneath the chorioid. 

A detachment of the retina, usually total, is never wanting in these cases. Since 
we are dealing with eyes which are already blind, the detachment of the chorioid has a 
practical interest only in so far as traction upon the ciliary body is produced by it; for 
this may induce conditions of irritation in the blinded eye. 

Another mode of detachment is the active propulsion of the chorioid from the 
sclera by blood which is poured out beneath the chorioid. This takes place as a result 
of rupture of the ciliary arteries when in an eye (usually one affected with old increase 
of tension or with degenerated blood-vessels) the intra-ocular pressure sinks to zero in 
consequence of perforation (due to corneal ulcer, injury, or operation). The hsmorrhage 
may be so great that the inner coats of the eye are in large part expelled from the 
eyeball (expulsive hemorrhage). In this way an eye that still retains sight may be 
destroyed. 


Detachment may also be produced by exudation under the chorioid or by the 
development of a sarcoma in its outer layers. 
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It isa rare thing tosee with the ophthalmoscopea detachment of the chorioidinan eye 
which still retains sight and in which the media are transparent. The detached chorioid 
appears under the guise of a dark prominence projecting into the vitreous. This sort of 
detachment is most frequently produced by serous fluid, and, in fact, by aqueous which 
percolates from the anterior chamber beneath the chorioid through a small rent in the 
attachment of the ciliary body. {According to Marshall, Hudson, and others, the 
detachment is due to serous exudation arising from the chorioidal vessels.—D.] Hence, 
we find, at the same time, that the anterior chamber is either shallower or quite 
obliterated. This serous detachment occurs not infrequently in the days immediately 
succeeding an extraction of cataract or an iridectomy for glaucoma [also quite fre- 
quently after Elliot’s trephine operation and still more frequently after Lagrange’s 
sclerectomy (Barkan).—D.] It gives a good prognosis, since usually the chorioid becomes 
reattached to the sclera. 


Fic. 206.—Ruprvure or THE CHorIoID. Ricut Eryn. (After De Wecker.) 


There are one large and four small ruptures in the lower part of the chorioid. The large rupture 
appears under the guise of a slightly curved white band with jagged, somewhat pigmented borders. 
The small ruptures lie concentric with the large one and between it and the papilla. Over all of them 
the retinal vessels run unaltered 


428. Rupture of the Chorioid.—This is produced through the action of some blunt 
body upon the eyeball (contusion). Immediately after the injury the blood extrav- 
asated into the vitreous usually prevents a clear view of the interior of the eye. After 
the absorption of the blood the rupture of the chorioid, which ordinarily lies in the 
neighborhood of the papilla, and most frequently to the outer side of it, is discovered. 
Sometimes there is only one, sometimes there are several lacerations. Chey form long, 
yellowish-white streaks, as the edges of the laceration in the chorioid gape and allow the 
white sclera to be seen between them (Fig. 206). The streaks generally have a curved 
shape, with the concavity toward the papilla; they are broadest in the center, and taper 
off to a sharp point at the ends. Their edges have an irregular black coloration, due to 
proliferation of the pigment. The retinal vessels run without any change over the 
streaks, a proof that the retina is unruptured. 
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Il. Tumors OF THE CHORIOID 


429. Of malignant tumors the one [chiefly] occurring in the chorioid is 
sarcoma, which in most cases is pigmented (melano-sarcoma). The clinical 
symptoms that sarcoma of the chorioid presents change so during the devel- 
opment of the tumor that four stages can be distinguished in the course of 


the disease. 

In the first stage the tumor is small, and manifests itself only in oph- 
thalmoscopic examination by detachment of the retina at the site of the 
tumor. The patient notices a disturbance of vision in the shape of a defect 
in the visual field, corresponding to the site of the tumor. Afterward 
the detachment of the retina becomes total (Fig. 207, V), and thus the eye, 
which externally still looks normal, becomes completely blind. 


Sarcomata of the chorioid consist either of round cells or of spindle cells, or are 
tumors made up of a mixture of both. They are almost always pigmented (melano- 
sarcomata); non-pigmented sarcomata (leuco-sarcomata) are among the rarities. Very 
often they contain many and wide blood-vessels. 
Sarcomata develop from the external layers of 
the chorioid (layer of large and of medium-sized 
vessels) and grow inward toward the vitreous 
space, pushing the retina before them. In the 
beginning the retina lies everywhere in contact 
with the surface of the tumor, so that with the 
ophthalmoscope a sharply circumscribed gibbous 
detachment of the retina is found, rising steeply 
from the fundus. This, for obvious reasons, does 
not fluctuate. Through the retina we ean often 
recognize the vessels of the chorioid or of the. 


5 ANE fo) CHORIOID. 
Hie, 206 Seite Pee han tumor and also the yellow or brown color of the 


latter. In this case the diagnosis of sarcoma is 
which everywhere lies in contact with the easily made. But afterward, in consequence of 


sclera, The retina, NV, on the contrary, is de- 4 ‘ ; . ; 
tached entirely from its bed under the form of the disturbance of circulation in the chorioid 


The tumor, G, rises from the chorioid, C, 


a folded funnel. It retains its connection only Soe io 61 : 
with the papilla behind, and with the chorioid Produced by the tumor, an accumulation of fluid 


along the ora serrata, O, in front. takes place between the chorioid and the retina. 
The latter is thus detached over an area greater than that occupied by the tumor, and 
does not permit the latter to be seen through it any more; ultimately, the detachment 
becomes total (Fig. 207). In this stage, since the detachment of the retina has lost its 
characteristic appearance, the diagnosis cannot for the most part be made with certainty. 
The tension of the eye affords one diagnostic point, being usually diminished early in 
simple serous detachment of the retina, while in detachment due to a tumor it is at 
first normal and afterward increased (Von Graefe). It is an additional argument for 
the existence of sarcoma if the anterior ciliary veins are found markedly dilated upon 
one side or the other. These dilated veins indicate that the sarcoma is situated in the 
chorioid, and, in the area affected, prevents the blood in the forepart of the uvea from 
flowing out through the vasa vorticosa, so that it has to make its way through the 
anterior ciliary veins. As the intra-ocular pressure later on steadily increases, the 
detachment of the retina often assumes a characteristic appearance. The retinal pro- 
trusions are pushed against the posterior surface of the lens and against each other by 
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the increased pressure in the subretinal space; they flatten. themselves upon each other 
and often include only a narrow Y-shaped furrow between them. There are, it is true, 
serous detachments which also show this appearance. These are those rare cases in 
which serous detachment is associated with increase of tension. Such cases are not 
distinguishable from tumor of the chorioid and might, in analogy with pseudo-glioma 
(see page 420) be called pseudo-sarcoma. To make the right diagnosis in such cases we 
may call in the aid of transillumination (see ‘page 94). Or we may employ puncture. 
This is made with a fine needle, which is plunged deep in through the sclera at the 
spot where the tumor is thought to be. If the needle enters a tumor, it is not freely 
movable, as would be the case if its point lay in the vitreous or in subretinal fluid. If 
in spite of these diagnostic aids we are still in doubt, enucleation of the eye, which would 
be blind anyhow, is unconditionally indicated. 


Fic. 208.—Sarcoma CHORIOIDE# DirrusuM. VERTICAL SECTION THROUGH THE RicuT EYE. 


The patient, who was fifty-four years old, had been blind in this eye for years from an opacity in the 
cornea. The eye became inflamed from time to time and half a year previous had begun to take on 
a black color. On the patient’s admission the eye was found to be enlarged in all its parts and the 
cornea was covered by a granular brownish-black deposit which only at the nasal and lower side left 
a narrow marginal portion of the cornea free. In the section made through the eye we see that the 
latter as a whole is elongated and tapers off into a somewhat oval extremity behind—two signs of 
high myopia, which was also present in the patient’s other eye. The cornea is covered with a flat dark 
pseudoplasm which, 1t the upper side, 0, is continued on to the adjoining sclera, but at the lower side, 
u, still leaves some part of the cornea free. The cornea beneath the tumor is scarcely altered; only 
in a few spots have the sarcomatous masses destroyed Bowman’s membranc, but nowhere ners nes 
penetrated into the deeper parts. Near the upper border of the cornea, at a, there lies in the thick- 
ness of the sclera a little black island of sarcomatous tissue representing the cross section Of ADs, ee 
rior ciliary vein. This vein is filled with sarcoma masses and constitutes the way by ria t eg 
ocular pseudoplasm had grown through to the outside. In the interior of the eye ner ones am 
the flat portion of the ciliary body are everywhere uniformly sarcomatous; a coating os ae ee o- 
plasm also covers the floor of the excavation in the optic nerve. Adjoining the jester es e ce me artee 
lies a second extra-ocular nodule from which a filament of black sarcoma tissue runs throug A e sclera 
obliquely forward and inward as far as the chorioid. At this spot the intra-ocular apreome oe eee 
out through the sclera along a ciliary nerve. In the interior of the eye, furthermore, are found t re 
dences of a long continued and very marked increase of tension—namely pacing Of tbe itis ie ens 
against the cornea, atrophy of the ciliary processes, deep and total excavation of the head of the optic 


nerve. 

A rare form of sarcoma of the chorioid is the diffuse variety, in which the new growth 
does not begin as a circumscribed rounded tumor, but as uniform degeneration, which 
is diffused over wide areas and in which often the ciliary body and even the iris are 


likewise implicated (Fig. 208). 

430. In the further growth of the tumor a time occurs when increase 
of tension suddenly sets in. The sarcoma thereupon enters the second stage 
of its development—that of increased tension. Externaliy the eye presents 
the appearances of inflammatory glaucoma (page491). Marked injection of the 
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eyeball exists, the cornea is dull and clouded, the anterior chamber shallow, 
the iris discolored, the pupil dilated and immobile, and the tension of the 
eye to palpation is noticeably elevated. If the media are sufficiently clear, 
the gray reflex of the detached retina can be seen deep down behind the 
pupil. Later on, the lens becomes clouded, so that the clinical picture of 
glaucoma absolutum with cataracta glaucomatosa is produced. From the 
time when the symptoms of inflammatory glaucoma set in the patient suffers 
with pain; very frequently it is by this that he has his attention first called 
to his trouble. Since the picture presented by the affected eye corresponds 
completely to the complex of symptoms of inflammatory glaucoma, the 
correct diagnosis in this stage is to be made with difficulty, or not at all. 


If the detachment of the retina is not already total, it becomes so now, and the eye 
becomes completely blind. The point of time at which the glaucomatous attack sets in 
does not depend directly upon the size of the intra-ocular tumor. The increase in ten- 
sion does not arise from the fact that the tumor occupies a certain space in the interior 
of the eye, for this call for additional space is compensated for by a corresponding 
decrease of the vitreous. On the contrary, the increase in tension is based upon the 
congestion which the tumor produces in the veins of the chorioid, and by which increased 
transudation of fluid takes place into the interior of the eye. Elevated tension is, there- 
fore, often seen with quite small tumors, while at another time the tumor may have 
already filled up a large part of the eye without exciting the symptoms of glaucoma. 
When the glaucomatous attack has set in, the eye looks as if it had been blinded by 
primary glaucoma, and the diagnosis cannot be made with certainty. The existence of 
a sarcoma, will be suspected if the patient states that the eye was already entirely blind 
before the outbreak of the inflammation, for in primary glaucoma blindness usually does 
not precede the attack, but follows it. Besides, we examine the second eye; if one eye 
is completely blinded by primary glaucoma, the second eye will rarely be found quite 
normal. 

In rare cases the second (inflammatory) stage of formation of the tumor does not 
present the symptoms of glaucoma, but of a severe irido-cyclilis, which because the 
inflammation is especially violent, is often accompanied by chemosis and exophthalmus. 
Such inflammation is apt to occur when the intra-ocular tumor owing to inadequate 
nutrition has become largely or wholly necrotic. As a result of the irido-cyclitis, the eye 
becomes softer and shrinks up so far as the tumor contained in it permits. The growth 
of the latter is thus retarded for some time—a fact which does not prevent epibulbar 
tumors and metastases from developing. 


431. The third stage is that of the growth of the tumor upon the out- 
side. The symptoms are different, according as the tumor breaks through 
the sclera in its anterior or in its posterior division. In the former case, 
dark, hard prominences are seen developing in the circumference of the cor- 
nea, and the diagnosis can readily be made. If, however, the tumor first 
grows through the sclera posteriorly, the nodules of the tumor are invisible, 
and do not give evidence of their existence until later, through the gradu- 
ally increasing protrusion of the eyeball (exophthalmus). As soon as the 
tumor has broken through the envelopes of the eyeball to a sufficient extent, 
the pain usually abates, since the great tension in the eyeball then ceases. 
But, to make up for this, the extra-ocular masses of tumor, freed from the 
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intra-ocular pressure that constrained them, grow so much the quicker. 
First the orbit is entirely filled by the tumor, afterward the latter projects 
from the orbit, as big as an apple or as the fist. From the orbit the tumor 
is continued to the neighboring parts, particularly to the brain. At its 
exposed portions the tumor ulcerates and gives rise to frequent hemorrhages. 


Growth of the mass exteriorly occurs before the tumor has yet filled the whole interior 
of the eyeball, and is effected by the gradual growth of the cells of the tumor through 
the sclera, the cells usually following out preformed passages. We hence find the tumor 
growing out along the optic nerve and its sheaths, or utilizing the points where the blood- 
vessels (anterior or posterior ciliary vessels or the vasa vorticosa) and the ciliary nerves 
penetrate the sclera (Fig. 208). 


432. The fourth stage is that of the generalization of the tumor by the 
development of metastatic nodules in the internal organs, most frequently 
in the liver. 

Years usually pass before the sarcoma has run through the four stages 
just pictured. The first and second stages last a long time, while afterward 
the growth of the tumor becomes continually more rapid. The patient dies 
either from exhaustion, in consequence of the suppuration and hemorrhage 
from the tumor, or succumbs to the extension of the latter into the brain or 
to the metastases in the internal organs. 


The metastases in remote organs arise through embolism. The blood current 
detaches cells from the tumor and carries them into other parts of the body, where they 
develop into independent tumors. Local recurrences are scarcely to be apprehended. if 
the growth was confined to the eyeball at the time of the operation. On the other hand 
metastases occur even in cases in which enucleation was performed very early. Such 
metastases remain unobserved at the outset; and sometimes it is years before they cause 


. the patient’s death. 


433. The prognosis of sarcoma of the chorioid is absolutely unfavorable 
for the life of the patient if the eye is not removed early. But even then the 
prognosis is by no means to be regarded as perfectly favorable. Apart from 
the fact that the eye itself in every case is lost, both local recurrences in the 
orbit and also metastases may develop even after its removal, the germs for 
their development having been already scattered abroad earlier, although, 
at the time when the eye was removed, they were too small to be demon- 
strable. Sarcoma of the chorioid is hence to be regarded as one of the most 
malignant of diseases—one which, in very many cases, ends in death. Sar- 
comata of the iris and ciliary body behave, in respect to their course and 
ultimate outcome, like sarcomata of the chorioid. 

Sarcoma of the chorioid is a rare disease. It is found most frequently 
between the fortieth and sixtieth year; in childhood it is of extremely rare 
occurrence. This gives a means of distinguishing itfrom the gliomata which 
springfrom the retina, and which in part presentsymptoms like those of sar- 
comata, but which occur in childhood exclusively. A malignant neoplasm 
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developing ‘in the eyeball will, therefore, have to be regarded in all prob- 
ability as a glioma in a child and as a sarcoma in an adult. 

The treatment, as long as the neoplasm is still confined to the eyeball, 
consists in enucleation, which should be performed as early as possible. In 
doing it, we cut off the optic nerve as far back as possible, to meet the con- 
tingency that the degeneration has already passed over upon it. If theneo- 
plasm has already grown out of the eyeball, everything diseased must be 
removed according to surgical rules. The surest method in this case is exen- 
teration of the orbit—i. e., the removal of the entire contents of the orbit, 
together with the periosteum. 

Other Tumors of Chorioid\—Cavernous angioma, endothelioma, perithelioma [and 
melanoma] have been known to occur as primary tumors of the chorioid in a few cases. 
[Melanomata are benign tumors which greatly resemble small sarcomata. They can be 
distinguished from the latter by their uniform slaty color; their definite, somewhat 
feathered, outline; the absence of abnormities in the appearance of the overlying 
retina; the absence of pigmentary disturbances adjoining the tumor; and the absence 
of any symptoms of retinal involvement (Moore).—D.] 

Carcinomata and also adenomata have been observed as a great rarity in the 
chorioid, but only as secondary tumors, as metastases from carcinoma in other organs 
(especially in the thoracic glands). 


III. TuprRcuLosis oF THE CHORIOID 


434, Inthechorioid, asin theiris, tuberculosis occurs under the two forms 
of disseminated and of solitary nodules. The diagnosis between them is 
made with the ophthalmoscope. 


(a) Disseminated or miliary tuberculosis of the chorioid was first described by 
Jager. Small ill-defined patches of yellowish or pale-reddish color are seen in the fundus. 
These even within a short period of examination—within a few days—grow larger with- 
out, however, attaining a size of more than one-third of the optic disk; and at the same 
time new patches may make their appearance in the fundus. By this rapidity of growth 
the affection is distinguished from chorioiditic spots, which change very slowly; besides 
the pigment changes, so frequent in chorioiditis, are wanting in tubercles of the chorioid. 
The tubercles occupy chiefly the posterior division of the chorioid. Ordinarily only 
a small number are present, although sometimes as many as twenty or thirty of them 
can be counted in the eye. Anatomical examination has proved that the spots seen with 
the ophthalmoscope correspond to nodules of a mean diameter of 1 mm., which possess 
the typical structure of tubercle nodules (Manz). 

Miliary tuberculosis of the chorioid forms one of the symptoms of general miliary 
tuberculosis (Cohnheim). It has essentially a diagnostic interest; as in doubtful cases 
of acute miliary tuberculosis, it may assist in establishing the diagnosis. In chronic 
tuberculosis of the lungs, intestine, ete., it is not ordinarily observed. [According to 
Stephenson and Carpenter, whose views are corroborated by other observers, miliary 
tuberculosis of the chorioid may occur in any stage orkind of tuberculosis and is common 
in chronic tuberculosis. It generally forms a small exudate which is found near the 
optic nerve or macula, and which ultimately becomes absorbed, leaving an atrophic 
pigmented patch in the chorioid. Sometimes the extra-ocular tuberculous lesion that 
causes the chorioidal disease is not obvious, so that the eye condition becomes of diag- 
nostic value in that it points to the existence of latent taberculosis.—D.] 
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(b) Solitary or conglobated tubercle of the chorioid makes its appearance under the 
form of a neoplasm. With the ophthalmoscope a rather large, light-colored tumor is 
seen in the chorioid; it is an argument for its tuberculous nature if smaller light spots 
(tubercle nodules) are found in the chorioid in its vicinity. The tumor may afterward 
grow through the sclera to the outside, and there break down. Anatomical examination 
shows that it consists of a great number of smaller miliary nodules, which have coalesced 
to form one pretty large tumor. In the center of the latter caseation takes place. The 
solitary form of tuberculosis of the chorioid is a very rare disease, pre-eminently affecting 
young people. It runs a chronic course, and accompanies chronic tuberculosis of the 
internal organs, especially of the brain. There are, however, °ases in which, beside the 
tuberculous nodule in the eye, no focus of tubercle can be clinically demonstrated to 
exist in the organism. 

The prognosis of solitary tubercle of the chorioid is bad, since the eye in any case 
is lost, and in most cases also life is endangered through the presence of tuberculous 
diseases in other parts. 

It is probable, too, that not a few cases of disseminated chorioiditis, especially in 
young persons, are a kind of attenuated tuberculosis of the chorioid, although a sure 
proof of this has not yet been produced. 

{In suspected tuberculosis of the chorioid, we use the Von Pirquet test and also 
injections of tuberculin (see page 70) to establish the diagnosis.—D.] 

For treatment we must first initiate general measures directed against tubercu- 
losis [and especially tuberculin injections, and with these are not infrequently successful]; 
but if we see that the tuberculous focus is increasing in spite of these measures and 
that blindness is setting in, enucleation is indicated. 


IV. CoNGENITAL ANOMALIES OF THE CHORIOID 


435. Coloboma of the Chorioid.—In this affection the ophthalmoscope 
shows a brilliant white area in the red fundus below the optic-nerve entrance 
(Fig. 209). This represents a circumscribed defect in the chorioid and 
retina, in the confines of which the sclera lies exposed, and is hence visible 
as a white surface. Coloboma of the chorioid is frequently found along with 
coloboma of the iris, and also with other congenital anomalies of the eye. 
Such eyes are often smaller than usual (microphthalmus). Sometimes, 
indeed, eyeballs are found which are only as large as a pea or a millet seed, 
and which lie entirely in the back part of the orbit, and are not discovered 
in an examination made upon the living subject. In this way absence 
of the eye (anophthalmus) is simulated (see page 482). Whether a true 
anophthalmus—i. e., a condition in which, while the orbit is present, there 
is not even a rudiment of the eyeball—does occur or not, has not so far 
ooh anes suffers in coloboma of the chorioid because, in the first 
place, there is [usually] a defect in the visual field corresponding to the colo- 
boma. Moreover, even the direct visual acuity is usually defective because 
the eye, as a whole, has its development deranged. In the higher degrees 
of microphthalmus the sight is reduced to the mere differentiation of light 


from darkness. 
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Coloboma of the chorioid is in a marked degree transmissible by inher- 
itance, and that, too, not infrequently in conjunction with other congenital 
malformations of the body. 


Coloboma of the chorioid has the shape either of an oval, whose long axis corre- 
sponds nearly to the vertical meridian, or of an obtuse-angled triangle whose apex is 
directed toward the papilla. The peripheral border of the coloboma not infrequently 
presents a tapering prolongation extending toward the ciliary body. Even the smallest 
colobomata are much larger than the optic disk; and the large colobomata are so exten- 
sive that their anterior border can no longer be seen with the ophthalmoscope, because 


Temporal Nasal 


Fra, 209.—Co.Lopoma or THE Optic NERVE AND CHorror1p. FROM THE RiaHT Eres or a FourTEEN 
YEAR-OLD GIRL. Erect ImMace. (After Casper and Kriiger.) 


The papilla appears about nine times as large as in the normal state, and lies considerably below 
the level of the adjoining retina. An upper (yellowish) and a lower (gray-colored) portion can be 
made out init. From the former rise the central vessels, which are abnormal in sending most of their 
branches upward. - The lower (gray) portion of the papilla shows several light-colored, ridge-like pro- 
jections and but a few blood-vessels, although numerous blood-vessels emerge at its overhanging border 
and run out into the retina, evading the coloboma. The enlarged papilla is bordered above by a narrow 
atrophic crescent The coloboma of the chorioid lies below the papilla and somewhat to its temporal 
side. Its lower (anterior) border is not represented in the drawing. The coloboma is of brilliant white 
hue, is sharply defined and is placed somewhat deeper than the adjoining portions of the fundus. It 
shows a few blood-vessels and in spots a fine granular pigmentation 


it lies too far forward. So, too, they may extend so far backward that they involve the 
papilla. The latter, in that case, is generally changed in shape and appearance—some 
times so much so that we can scarcely tell where it lies except for the intimation of its 
existence afforded by the place of origin of the retinal vessels. [See page 481.] 

The edge of the coloboma is sharply defined and commonly bordered by pigment. 
The coloboma itself is of a pure white or bluish-white hue, and displays here and there 
pigment spots and also vessels. The vessels are in part those that arise from the adjoin- 
ing retina and chorioid, in part belong to the sclera, which lies exposed within the area 
of the coloboma, and in part are seen to originate from the coloboma itself. The latter 
set must be regarded as posterior ciliary vessels. In eyes of this sort the retinal vessels 
often display an irregular course; not infrequently it looks as if they were trying to 
evade the coloboma, since they run along its borders instead of passing over it. 7“ 
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The surface of the coloboma lies deeper than the rest of the fundus, and often 
presents channeled depressions or prominent ridges, as can be inferred both from the 
way in which the vessels bend and also from the parallactic displacement. 

Cataract, generally of a complicated, inoperable character, frequently develops in 
eyes affected with coloboma of the chorioid. If I may be allowed to judge from one case 
whose course I myself observed, such a cataract is produced in the following way: The 
retina, being adherent to the margin of the coloboma, undergoes the same sort of traction 
that it does when adherent to a scleral cicatrix (see:page 350). In consequence of this 
traction detachment of the retina takes place—at first only at the edge of the coloboma, 
but afterward over the whole extent of the 
retina. The clouding of the lens, then taking 
place, is to be regarded as the result ordinarily 
following total detachment of the retina. 

In rare cases large, white, depressed areas 
have been observed not below, but to the out- 
side of, the optic nerve, in the region of the 
yellow spot. These have likewise been looked 
upon as congenital malformations—colobomata 
of the macula. 

[Colobomata of the chorioid may be asso- 
ciated with a complete coloboma of the retina— 
the retinal vessels in this case being cut short off 

: ARY Bopy, AND CHORIOID. 
at the margin of the affected area. In other In the iris, whose posterior surface is seen 
cases functional tests show that the retina is in the figure, is recognized the prolongation 


if of the pupil, running out in a sharp point to 
at least in part preserved over the coloboma- the lower ciliary margin. In the correspond- 


Fie. 210.—Lowrr Haur or an EYE with 
CONGENITAL COLOBOMA OF THE IRIs, CILI- 


tous chorioid.—D.] ing portion of the ciliary body, the ciliary 


The formation of colobomata occurs also 
in the optic nerve. Either a deep depression is 
found in the lower part of the latter or the 
entire optic-nerve entrance is enlarged to 


processes are wanting; the processes immedi- 
ately adjoining this gap are higher and longer 
than the rest, and, as they diverge backward, 
inclose a triangular, very darkly pigmented 
area. Still farther back there is found in the 
wall of the eyeball a deep excavation of oval 
form, whose edges are sharply defined and in 
part overhanging. Upon the floor of the ex- 
cavation is seen the sclera, covered simply by 


several times its usual size, and the vessels 
a very thin, transparent pellicle, in which run 


coming out from it are, as It were, forced apart several vessels. The posterior pole of the oval 
(Fig. 209). that is formed by the coloboma of the chorioid 


Anatomical examination of the eye af- is directed toward the fovea centralis, f. 
fected with coloboma of the chorioid shows even upon an external view a protrusion 
of the selera, situated below the optic nerve. This is the scleral protrusion first 
described by Ammon (see page 358). Corresponding to this, in the inner membrane 
of the eye, is the coloboma visible with the ophthalmoscope (Fig. 210). Within this, 
microscopical examination reveals, for the most part, only a thin pellicle composed of 
connective tissue, the remains of the fused chorioid and retina. 


436. Origin of Colobomata.—The starting point of a coloboma we must 


regard as located in the fetal ocular cleft. 

This is found at the lower side of the secondary ocular vesicle—the flask-shaped 
structure of the embryonic eye—and is designed for the admission of the blood-vessels 
into the interior of this structure (Figs. 160, 161, see also page 391). Later on, this cleft 
ought to close again without leaving any trace of its presence. But if the closure takes 
place incompletely, a coloboma is formed. The regular closure of the fissure is prevented, 
because the process of mesoderm which conveys the blood-vessels and which passes 
through the fissure into the interior of the eye does not undergo’ retrogression at the 
proper time. The layers of the ocular vesicle which grow toward each other do not in 
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that case come into contact (Fig. 211, A) and the interspace left between them, which 
afterwards becomes the coloboma, is closed simply by mesodermal tissue and so remains. 
This mesodermal tissue at the time when the ocular fissure ought to close is not yet 
differentiated into chorioid and sclera. Even later this differentiation fails to occur 
wherever in the course of the unclosed fissure the outer layer of the ocular vesicle is 
wanting. In this spot there develops from the mesodermal plug not chorioid but merely 
a simple fibrous tissue which later on becomes ectatic because of the intra-ocular pressure 
(scleral protuberance). The coloboma therefore is originally present in the retina and 
the pigment epithelium and then secondarily in the chorioid also, In many animals 
the persistence of the mesodermal plug and hence the patency of the ocular fissure are 
the rule. The pecten of the bird’s eye and the falx of the fish’s eye are nothing but a 
more highly developed mesodermal plug. In this respect we might consider the cause 
of a coloboma formation in man to be a reversion to earlier forms. 


Fie, 211.—DEVELOPMENT OF COLOBOMA OF THE CHORIOID. ScHEMaATIC. (After Hippel, Junior.) 


The layers from without inwards are the mesoderm (not yet differentiated into sclera and chori- 
oid) and the outer layer (pigment epithelium) and the inner layer (retina) of the secondary ocular 
vesicle. 

A. The interior of the ocular vesicle is entirely filled by the lens. At the lower side the ocular 
fissure is wide open, and the mesoderm passes through it into the interior of the eye as far as the lens. 
At a point exactly corresponding to the margin of the ocular fissure the outer layer of the ocular vesicle 
turns round the inner one and merges into it, 

B. Here the ocular fissure is narrower and the process of mesoderm is more slender, but expands 
within the interior of the eye. The margins of the ocular fissure as they grow up towards the process 
of mesoderm have rotated in such a way that the inner layer is ectropionized outward and does not 
merge into the outer layer until at some distance from the fissure (at a and 6). The fissure in the outer 
layer, therefore, is larger than the ocular fissure proper; hence, in the fully developed eye a compara- 
tively large area (the area a, b) would be denuded of pigment and consequently appear white under the 
form of a coloboma, while as a matter of fact in the lateral portions of this area the retina, which is 
derived from the inner layer, might still be present. This is the reason why in many cases we find 
on anatomical examination that the coloboma is partially lined with rudimentary retina. If the meso- 
derm between a and b should yield and should protrude outward and the marginal folds of the ocular 
vesicle should grow into the cavity thus produced, the result would be the formation of a sae lined with 
retina at the lower side of the eye. 


If the margins of the ocular vesicles grow up against the process of mesoderm 
and find in it an obstacle to their union they may undergo rotation (Fig. 211, B). They 
then grow on in a faulty direction, either into the interior of the eye or more frequently 
toward the outside. In the latter case there is formed at the lower side of the eyeball a 
sac-like pocket which contains retinal tissue (Hippel, Junior), In the more marked 
varieties of this anomaly of development, the eyeball itself remains quite small while 
the pocket develops into a pretty large sac. In this way develop the cases of microph- 
thalmus, or of apparent anophthalmus, with the simultaneous presence of quite a large 
cyst situated in the lower lid, and glimmering with a bluish luster through the skin of 
the latter. The cyst is filled with a serous liquid, is lined with rudimentary retina, and 
is connected by a process with the dwarfed eyeball [Fig. 212]. 

The fetal ocular cleft is also continued as a furrow on the stalk of the ocular vesicle, 


which later becomes the optic nerve. Incomplete closure of this furrow causes colobo- 
mata of the optic nerve to develop. 
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Coloboma of the iris is likewise connected with the ocular cleft. The iris grows out 
from the anterior margin of the secondary ocular vesicle and the rudimentary chorioid, 
at a time when the fetal ocular cleft. is already closed; hence the iris inno stage of its 
development has a fissure. But when the optic vesicle and the mesodermal tissue 
covering it suffer a derangement of development at the site of the retinal cleft, it is 
conceivable that derangements may also take place in the same meridian further for- 
ward and in that case may affect the iris. For example, the mesoderm at this spot 
(vascular lens capsule) may have an unusually solid connection with the mesoderm that 
forms the envelopes of the eye (Fig. 163). A firm band of this sort necessarily prevents 
the iris from growing forward. This may happen even when the cleft in the retina and 
chorioid has closed completely, so that then a coloboma of the iris is produced without 
a coexisting coloboma of the chorioid. 

437. Albinism consists in the absence of the physiological pigment. Albinos 
have yellowish-white flaxen hair and also white eyebrows and lashes. The iris is light 
gray, and appears reddish by transmitted light, while the pupil has a vivid red luster. 


c REPRESENTATION OF MicroPHTHALMIC Eyn with Two Cysts ATTACHED. 
ee era (After Lang and Collins in Norris and Oliver.) 
i <en; I, iris; S, se ic; C ioid; tina much folded; 
: aced and shrunken; I, iris; S, sclerotic; Ch, chorioid; R, re ; 
aay 2 ler i ha ALA optic nerve; Cy, cysts lined by retina.—D.,] 


[Fie. 212.— 


With the ophthalmoscope the blood-vessels of the retina and chorioid are See with ue 
fect distinctness running upon the almost white fundus, to which the papilla by its dark, 
grayish-red color offers a striking contrast (Figs 25 A, and 27). Albinotic eyes are Deets 
phobic, and hence see better in the dusk; their visual acuity is always reduced; and 


nystagmus, frequently combined with a pretty high degree of myopia or with es 
mus, is constantly present. Albinism is congenital and often inherited. a albinotic 
eyes the pigmentiferous cells of the uvea and the retina are present, just he a as 
in the normal eye, only they contain [little or] no pigment. All eae ot ee ion ee 
exist between complete albinism and normal pigmentation. [In a as La Saat : 
the fundus may be albinotic. Such areas may alternate with quite sharp. z € Re 18 He 
of normally pigmented chorioid. The albinotic areas are found particular ym ae 2 
ery of the fundus, and this tendency to semi-albinism in the Per Seer persisy even, 


in adult life—D.] 
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CHAPTER VII i 
GLAUCOMA 


GENERAL CONSIDERATIONS 
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438. Nature.—TuE essence of glaucoma lies in the increase in the intra- 
ocular pressure, from which all the other essential symptoms of glaucoma 
can be deduced (Von Graefe). In one series of cases the increase in pressure 
sets in without our being able to discover any reason for it in an antecedent 
disease of the eye (primary glaucoma). In other cases, on the contrary, the 
increase in pressure is the result of some other disease of the eye (secondary 
glaucoma). Primary glaucoma, accordingly, has increase in tension as its 
first and most important symptom, from which all the rest of its phenomena 
arise—it is glaucoma proper, the glaucoma par excellence. In secondary 
glaucoma, on the contrary, the increase in tension is only a consequence of 
other pathological conditions—is an accessory, as it were. The clinical pic- 
ture of secondary glaucoma, therefore, is exceedingly polymorphous, vary- 
ing according to the different affections which form the basis of it. While 
genuine or primary glaucoma always affects both eyes, although not always 
at the same time, secondary glaucoma remains confined to the eye which, 
by being diseased, has caused the increase in tension. The diagnosis of 
glaucoma is based mainly on the demonstration of its cardinal symptom, 
increase of tension, by palpation with the finger or by the tonometer (page 
83). 


Primary glaucoma is a common disease, constituting about one per cent of all cases 
of eye disease. Its accurate recognition is of the greatest importance for the general 
practitioner, the more so because here prompt and proper therapeutic interference 
can save everything, but a false diagnosis and improper treatment may destroy every- 
thing. Unfortunately, we still constantly get under observation many cases of glaucoma 
which have been incorrectly diagnosticated by the general practitioner, and which 
come to the ophthalmologist only when help is no longer possible. Cases of inflammatory 
glaucoma are often confounded with iritis or irido-eyclitis, and are accordingly 
treated with atropine, which has a particularly deleterious action in glaucoma. 
Cases of glaucoma simplex which present no external symptoms of inflammation 
are not infrequently regarded as commencing cataract, and the patients are put 
off in expectation of the cataract’s becoming ripe, so that they delay until it is too 
late for iridectomy. 

_ Glaucoma has been known from antiquity. Of course, it is only the inflammatory 
variety that has been thus known, since the non-inflammatory variety can be diagnosti- 
cated only by the ophthalmoscope. Hence this second variety and the other kinds of 
blindness, that are produced by diseases of the deeply situated membranes of the eye, 
and that have no external manifestations, were lumped together under the common 
name of amaurosis. Inflammatory glaucoma was usually regarded as having a con- 
nection with gout, and was hence called ophthalmia arthritica. The first to recognize 
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the increase in tension as the most important symptom of glaucoma were Mackenzie, 
and particularly Von Graefe. Heinrich Miiller, a man deserving the greatest praise in 
all that relates to the pathological anatomy of the eye, was the first to demonstrate 
anatomically the pressure excavation of the optic nerve (1856); soon afterward it was 
accurately diagnosticated in the ophthalmoscopie picture by Weber and Forster. 
Mackenzie, starting from the fact of the increase of tension, had already attempted to 
effect the cure of glaucoma by repeated paracentesis of the cornea, without, however, 
obtaining any lasting result. Such a result was first obtained by Von Graefe, who, 
in the year 1856, employed iridectomy for the first time in glaucoma, after having 
found it efficacious in various other diseases of the eye. This was one of the most preg- 
nant discoveries in ophthalmology, and one which will for all time redound to the glory 
of Von Graefe. We have only to remember that formerly every case of glaucoma in- 
evitably led to blindness, and that now, thanks to iridectomy, the majority of glauco- 
matous patients can be cured. How many thousands there are who formerly would 
have been forced to sink year by year irretrievably into the night of blindness, but who 
now are saved for vision through Von Graefe’s discovery! 


439. Consequences.—The consequences of increase of tension, inevit- 
ably occurring if it lasts a long time, are excavation of the optic nerve, and 
reduction, with ultimate annihilation, of the sight. 

Excavation of the optic nerve is dependent upon the recession of the 
lamina cribrosa. By the latter we understand that part of the sclera which 
lies at the point of entrance of the optic nerve into the eye, and which is 
perforated by numerous foramina designed for the passage of the bundles of 
fibers of the nerve (Figs. 264 and 267). The lamina cribrosa is that part of 
the fibrous tunic of the eye (corneo-sclera) which has the least tenacity, and 
hence gives way first to increased ocular pressure, which it does by bulging 
backward. But at the same time the optic-nerve fibers, set in the foramina. 
of the lamina cribrosa, also recede, so that the surface of the optic nerve 
itself sinks back (e, Fig. 213, B). Upon ophthalmoscopic examination the 
papilla appears depressed below the level of the adjacent fundus—slightly 
at first, afterward a good deal—so that the margins of the papilla dip down 
abruptly, or are even overhanging. This condition is recognized chiefly by 
the bending or actual interruption of the blood-vessels at the spot where 
they pass from the retina over the edge of the papilla and dip down into 
its depth (Fig. 213, A). The nerve fibers, too, like the blood-vessels, 
undergo flexion or interruption at the edge of the papilla. This inter- 
ruption, with the high pressure to which the nerve fibers are exposed 
within the eye, makes them atrophy. Accordingly, in the later stages, 
we see the papilla not only depressed, but bleached and bluish-white, 
because the nerve fibers are destroyed and the clear white lamina 
cribrosa is exposed. 

With reference to excavation of the optic nerve, three varieties are distinguished— 
the physiological, the atrophic, and the glaucomatous. The physvological excavation 
(Fig. 214, A) originates from the fact that the bundies of fibers of the optic nerve, when 
separating from each other so as to curve into the retina, do so, not in the plane of the 
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retina, but behind it; the lamina cribrosa, however, is in its normal situation. The 
physiological excavation is always partial—i.. e., even if it is very large it never takes 
up the entire papilla, because a certain space close to the edge of the papilla must always 
be occupied by the nerve fibers which are passing over into the retina (page 99, Fig. 
24, G, and Figs. 20, 21, and 200). The atrophic excavation (Fig. 214, B) is caused by the 
disappearance of the nerve fibers that form the papilla of the optic nerve and lie in 
front of the lamina cribrosa—the lamina cribrosa itself remaining in place. The atrophic 


Fia, 213.—Guaucomatous FE xcavATION OF THE Optic NERVE. Magnified 14 xX 1. 
f. the normal optic nerve in Figs. 22, 23, 24. 


A, OpHTHALMOscoric PrcruR® or THE Papttta.—The papilla is bounded by a sharp, overhang- 
ing edge, at which the arteries, a, and the veins, v, of the retina appear to terminate in recurved ends. 
This is due to the fact that their continuation on the floor of the excavation is displaced somewhat 
laterally as compared with the portion situated in the retina, because those portions of the vessels 
that descend on the lateral wall of the excavation do not run in a precisely sagittal direction, but some- 
what obliquely. The vessels within the excavation are seen but indistinctly. In the outer half of the 
excavation are seen the gray dots of the lamina cribrosa, 7. The zone, A, of the fundus, adjoining the 
papilla, is decolorized (halo glancomatosus). 

B. LonerruprinaL Seerion THrovucH THE Heap or THE Optic Nerve.—This shows a deep 
excavation, e, on the floor of which only a few remains of the nerve fibers, b, are visible. The central 
vessels, c, ascend upon the retina, r, at the nasal margin of the excavation; the innermost layer (fiber 
layer) of the retina is considerably diminished in size through atrophy. ch, chorioid; s, sclera. The 
volume of the trunk of the optic nerve has been considerably reduced through the atrophy of the 
bundles of nerve fibers, n. As a result of this, the interspaces between the sheaths of the optie nerve 
(the pial sheath, p, the arachnoid sheath, ar, and the dural sheath, d) are dilated, especially on the 
temporal side, 


excavation is total—1. e., extends over the entire papilla, but always remains shallow, 
for at most it ean only attain a depth equal to that at which the lamina cribrosa lies 
behind the inner surface of the retina. In the atrophic excavation, the papilla is at 
the same time bleached white on account of the disappearance of the nerve fibers. 
The physiological and the atrophic excavations have this in common, that the lamina 
cribrosa remains undisplaced; as the lamina cribrosa forms the floor of the excavation 
the depth of the latter is confined within narrow limits. The glaucomatous excavation 
(Fig. 214, C) is distinguished from the preceding kinds, above all, by the fact that it 
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originates in a recession of the lamina cribrosa ; It can hence attain a much more con- 
siderable depth than they. The glaucomatous excavation comprises the entire papilla, 
which, in the beginning, still shows the red coloration of health. Later on, the nerve 
bundles are destroyed by atrophy, so that the papilla becomes white, and displays 
exposed upon its floor the lamina cribrosa. With this is associated a still further increase 
in the excavation, the depth of which is increased by a space equal to the thickness of 
the nerve head which has been destroyed. 

The ophthalmoscopic signs distinguishing the three kinds of excavation are, there- 
fore, as follows: A partial excavation is physiological, a total one is pathological, and 
either atrophic or glaucomatous. The atrophic excavation js shallow, and the papilla, 
at the same time, very white. The glaucomatous excavation may be shallow or deep, 
according as it has existed for a longer or shorter time. In a shallow glaucomatous 
excavation the papilla is found to have still a good color—a feature which distinguishes 
it from the atrophic excavation. If the excavation is deep and total, it can only be a 
glaucomatous one, whatever color the papilla may have. In practice, the distinction 
between the individual forms of excavation is sometimes very difficult to make [partic- 
ularly so, as the physiological excavation is sometimes very deep as wellas large, and 
is often overhanging.—D.] ; 

The ophthalmoscopic picture of a glaucomatous excavation of the optic nerve shows 
the papilla to be paler, and, in advanced cases, bluish or greenish white. A shadow is 
seen running along the margin, while the center of the excavation is the part lightest 
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Fic. 214.—Tue Turre Kinps or ExcavaTIon or THE Optic NerRvn. ScHEMATIC. 


A, PHystoLocicaL ExcavaTion.—Funnel-shaped, partial, we normal cay cribrosa, 
B, ArropHic Excayarion.—Bowl-shaped, total, with normal lamina cribrosa. ; 
C, Guatcomatots ExcavatTion.—Ampulliform, total, with the lamina cribrosa bulged out posteriorly. 


in hue. On the floor of the excavation may be recognized the gray dot-marks of the 
lamina cribrosa (Fig. 213 A, 1). The vessels do not emerge at the center, but, for the 
most part, close to the inner margin of the papilla. Where they pass over the edge of 
the papilla to go to the retina they show a bending, or, in deep excavations, an interrup- 
tion, of their course. If the edge of the excavation is overhanging, the ascending portion 
of the vessel may be completely concealed behind it, so that the blood-vessels arising 
from the vascular entrance seem to disappear at the edge of the papilla to emerge again 
in the retina at some other spot. It is only in the inverted image that the course of 
the vessel can be seen distinctly in its whole extent at once; in the erect image, the 
vessels on the papilla and those in the retina are never seen clearly at ubte same time, 
since they lie at different depths and hence have it different refraction. That is, if the 
adjustment is made for the vessels in the retina (Fig. 213 A, a and v), the vessels on the 
floor of the excavation (v1) look quite pale and hazy, and vice versa. The vessels in 
the excavation have, as compared with those in the retina, a myopic et RG ONION ne 
hence, to be seen distinctly, require a correspondingly strong concave pe Fk ce ie 
difference in refraction between the margin and the floor of the eee aon we me 
of the latter can be estimated (see page 112), and by repeated measurements of oe eo 
we can determine whether, as time goes on, the depth os the oe yanen is ae 
or diminishing. In the inverted image, the difference of level manifests ag : bak - 
lactic displacement (page 112). The caliber of the arteries is contracted, while the 
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veins are distended and tortuous—in fact, sometimes there is a whole convoluted mass 
of vascular loops lying on the floor of the excavation. These changes of vascular caliber 
are easily accounted for by the effect which the increase of pressure exerts upon the 
vessels of the vascular entrance, permitting less blood to enter the arteries of the retina 
and, on the other hand, obstructing the outflow of blood from the veins. The former 
therefore, are filled too little, the latter are filled too much. We very often observe a 
pulsation in the veins, and not infrequently, also, a pulsation in the arteries within the 
papilla.. (For the explanation of this, see page 100.) When glaucomatous excavation 
has lasted for a long time, the papilla is usually found to be surrounded by a white or 
yellowish areola, which is the expression of an atrophy of the chorioid about the papilla 
(halo glaucomatosus, Fig. 213 A, h). The rest of the fundus in the later stages often 
shows the network of chorioidal vessels with great distinctness (Fig. 201) because of 
the diminished pigmentation of the pigment epithelium, 


440. Impairment of Vision.—The atrophy of the optic-nerve fibers is 
also the most important cause of the decrease of visual power which accom- 
panies the elevation of tension. Impairment of both direct and indirect 
vision occurs. The former finds expression in the gradual diminution of 
acuity of central vision, the latter in the limitation of the field, which be- 
gins, in the majority of cases, on the nasal side, as the temporal side of the 
retina becomes insensitive first. Finally, complete blindness supervenes. 


The condition of the sight is not always in direct proportion to the depth of the 
excavation—in fact, it is not the recession of the lamina cribrosa as such that affects 
the vision, but the atrophy of the optic nerve, which, though produced by it, does not 
always by any means keep pace with the formation of the excavation. Thus we some- 
times see cases with deep excavation and yet with normal visual acuity and a large 
field of vision. On the other hand, by a very considerable increase in pressure—as in 
glaucoma fulminans—the sight may be completely extinguished within a few hours 
by paralysis of the optic-nerve fibers without there being any excavation of the optic 
nerve, because the time is too short for it to be formed. Even in chronic glaucoma it is 
sometimes the case that the papilla atrophies and complete blindness actually ensues 
as the result of the increase of pressure before—sometimes even years before—an ob- 
vious glaucomatous excavation is formed. Accordingly, in forming a judgment as to 
the acuity of vision, we must be guided rather by the color of the papilla and the caliber 
of the retinal arteries than by the depth of the excavation, since atrophy of the nerve 
fibers makes itself known mainly through the pallor of the papilla and the narrowing 
of the retinal vessels. 

The contraction of the visual field begins most frequently on the nasal side. A very 
frequent [according to some, constant] change is an up-and-down elongation of the 
blind spot, so that a sickle-shaped scotoma is produced [Bjerrum] arching above or below 
round the fixation point and even reaching the horizontal meridian on the other side 
of the latter (Rénne). In this way an annular scotoma may ultimately develop. In 
glaucoma simplex central scotomata may occur, so that with a large field of vision the 
central visual acuity is impaired early. he reverse also occurs, i.e.,a marked concentric 
contraction with good central vision. [For making out the enlargements of the blind 
spot and the central scotomata, Bjerrum’s screen (Fig. 34) is very useful. Ihave gotten 
the best results by placing the patient 1.5 metres from the curtain, and using white 
test-objects varying from 2 to 7 mm. in diameter. The double-object test and, in the 

case particularly of central scotomata, the complementary-color test or Romony snot 
color test (page 124), are often very useful.—D.] 
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I. Primary GLAUCOMA 

441. Varieties.—Primary glaucoma, also called simply glaucoma, sets in 
with varying symptoms. If the pressure rises suddenly to a considerable 
height, inflammatory symptoms are excited; on the contrary, these symp- 
toms are wanting when the increase in tension develops gradually and 
keeps within narrow limits. Accordingly, an inflammatory and a non- 
inflammatory form of glaucoma (glaucoma inflammatorium and glaucoma 
simplex) are distinguished. 

[Since the symptoms in the acuter form are those of congestion and cedema rather 


than of inflammation, it seems better to designate the two varieties by the names given 
by Elliot, namely, congestive and non-congestive glaucoma.—D.] 


A. Glaucoma Inflammatorium [Congestive Glaucoma] 


442. Inflammatory glaucoma runs a typical course, especially in the 
acute cases (glaucoma inflammatorium acutum), which, therefore, will be 
first described. In the course of inflammatory glaucoma the following stages 
are distinguished: 

(1) Stage of Prodromes.—The prodromal stage, which in most cases 
precedes the inflammatory attack, is characterized first of all by attacks of 
obscuration of vision. The patient declares that during these attacks he 
does not see as well, having at the same time the feeling as if there was a 
cloud or smoke concealing objects from him. If there is a light in the room, 
he sees a ring about it having the colors of the rambow. During the attack 
there is frequently a feeling of tension in the eye, or a dull frontal headache. 
If the physician examines the eye during such an attack, he finds the cornea 
a little dull and diffusely clouded, like glass that has been breathed upon. 
The cloudiness is greatest at the center, smallest at the periphery, and, on 
account of its uniformity of distribution, causes considerable disturbance of 
vision. It also produces the appearance of a colored ring about a luminous 
flame—an appearance similar to that which, for instance, we see when, on 
a misty night, we look at a gas flame in the street. The anterior chamber 
is somewhat shallower through advancement of the iris; the pupil is more 
dilated than usual and reacts sluggishly ; the tension of the eye is distinctly 
increased. Frequently, too, slight ciliary injection is present. 

Such an attack ordinarily lasts several hours, after which the eye 


- returns completely to the normal condition once more, both as regards its 


appearance and as regards its function. The attacks = ay make their 
appearance at pretty long intervals (of months or weeks) later on, they 
become constantly more frequent. Often specific causes for their existence 
can be demonstrated, such as hearty meals, late hours, emotional excite- 
ment (as at card-playing), etc. In many cases wa eee ig uous 
cause, periodically, sometimes even sone day, se aoe pAuEO, we ge 
ple, declares that he always sees througa a cloud in the morning, and co 
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mencing with the afternoon begins to see clearly, or vice versa. If the 
attacks come on in the evening, they always cease when the patient falls 
asleep; even in the daytime an attack may be cut short by his going to sleep. 

In the intervals between the prodromal attacks the sight of the eye is 
normal; but the patient complains that, to see near by, he has to employ 
stronger and stronger glasses—rapid increase of presbyopia through diminu- 
tion of the power of accommodation (see § 796). 

The prodromal stage sometimes lasts only a few weeks, sometimes is 
protracted over months or even years. In the latter case, the eye gradually 
undergoes permanent changes, so that it is no longer normal even in the 
intervals between the attacks. The eye acquires externally the glaucoma- 
tous aspect, and an excavation likewise forms in consequence of the oft- 
repeated increase of pressure. Consequently the sight itself is no longer 
perfect even during the time in which no attacks occur. In such a case we 
can no longer speak of the disease being in the prodromal stage, but must 
regard it as being now a chronic congestive glaucoma into which the pro- 
dromal symptoms have been imperceptibly transformed. 

Although congestive glaucoma is so well characterized a disease, it is still very 
often diagnosticated too late. In the prodromal stage the diagnosis is obscured because 
the physician usually sees the patient in the interval between the attacks, when the eye 
looks normal both exteriorly and with the ophthalmoscope. [The tension also may be 
normal, but repeated tests should be taken to see if at some time it does not rise above 
the normal limit.—D.] The physician is, therefore, dependent for his diagnosis upon 
the description that the patient gives of his attacks. These are characterized by distur- 
bance of sight (hazy vision, the appearance of colored rings about a light) and by head- 
ache (page 45). On the other hand, we cannot with certainty make the diagnosis of 
glaucoma even when the patient makes the direct statement that he has hazy vision and 
sees colored rings. For, these two sorts of disturbance of sight occur as a result of any diffuse 
cloudiness of the media and are hence not confined to glaucoma. For instance,they occur 
in chronic conjunctivitis when some mucus lies on the cornea. Butin this casethe phenom- 
enon vanishes af once when the mucus is wiped off by rubbing the eye. Many persons, 
again, underappropriate conditions (e. g.,1f a flame is placed infront of a dark background 
in a darkened room) always see a colored areola. In this case we have to do with faint 
diffuse opacities, chiefly in the lens, which are commonly too minute to be demonstrated 
objectively. These cases also are easily distinguishable from glaucoma, for, on the one 
hand, the phenomenon is far less pronounced than it is in glaucoma, and, on the other 
hand, does not occur in periodical attacks, but ean be elicited at any moment. 

Accordingly, in cases in which no changes in the eye are objectively discoverable 
we cannot make the diagnosis of glaucoma with certainty simply from the description 
that the patient gives of his attacks—not with enough certainty, for instance, to make 
us willing to suggest an iridectomy on the strength of this description alone. We must 
require that we ourselves see the patient during a prodromal attack, in order to demon- 
strate the visible objective changes occurring in the course of it. We hence charge 
the patient to present himself without delay as soon as he is again attacked with dis- 
turbance of sight or with headache. If for extrinsic reasons this in not possible, we may 
use pilocarpine (or eserine) for making the diagnosis more certain, the patient being 
told to drop this in at once on the occasion of the next attack. If the morbid symptoms 
are completely relieved by this means in from ten to fifteen minutes, it is an argument 


GLAUCOMA 491 


in favor of glaucoma, for mioticshave noeffect onnon-glaucomatousforms of cloudiness of 
the media nor on headaches, that are of a differentnature. [Miotics may occasionally re- 
lievea headache, especially one of migrainous type, due to other causesthan glaucoma.—D.] 
[Another way of determining the presence of glaucoma in a suspected case is to 
instil a mydriatic (Jackson). One of comparatively transient action (euphthalmine 
or 44-per-cent homatropine) should be used, the tension being first taken with the tonom- 
eter. If the mydriatic determines an increase of tension, and still more if it deter- 
mines a glaucomatous attack, the diagnosis is assured. In either case eserine should be 
instilled without delay, and the instillation repeated until the pupil is contracted—the 
patient being kept under the physician’s observation continuously until this occurs. 
If this precaution is observed there is little risk in the procedure, which is the more 
justifiable since an eye that would develop a glaucomatous attack under these con- 
ditions would quite surely develop an attack spontaneously later, and perhaps, too, 
when the disease had made greater inroads on the sight and the field of vision.—D.] 


443, (2) Glaucoma Evolutum.—This is ushered in by an attack of acute 
glaucoma. ‘This sets in suddenly, after the prodromal stage has lasted a 
longer or shorter time. The cause of an acute attack—in case such a cause 
is discoverable at all—is like those which determine the prodromal attacks. 
Chief among them are to be mentioned states of congestion of the venous 
system, especially those due to enfeeblement of the heart’s action; also men- 
tal emotions, particularly those of a depressing character; and, lastly, dila- 
tation of the pupils. For the last-named reason a drop of atropine in an eye 
which is predisposed to glaucoma may excite an attack. 

The acute attack manifests itself by violent pain radiating from the eye 
along the first and second branches of the trigeminus. The patient com- 
plains of pains in the head, the ears, and the teeth, which may reach an 
intolerable pitch. They deprive him of appetite and sleep; not infrequently 
vomiting and fever likewise set in. Simultaneously with the appearance of 
the pain the visual power falls rapidly away, so that only large objects— 
such as, for instance, the hand moved to and fro before the eye—can be 
recognized. The field of vision is considerably narrowed, and mostly on the 
nasal side. Objective examination shows the appearances of a violent exter- 
nal inflammation—cedema of the lids, and cedema or even chemosis of the 
conjunctiva, which is greatly congested. The injection, in accordance with 
its pre-eminently venous character, has a dusky-red coler. The cornea 1s 
punctately dotted, has a pronounced smoky cloudiness, and is almost or 
quite insensitive to the touch. The anterior chamber is shallower, the iris 
is discolored and narrowed. Consequently, the pupil is dilated; very often, 
too, it is oval and eccentrically situated, the narrowing of the iris being then 
particularly great in special spots—most frequently above. The reaction 
of the iris is abolished. From the pupil we get a grayish-green reflex.' Oph- 
thalmoscopic examination is impossible, on account of the marked cloudi- 


1 Homed the name ‘‘green n cataract” (primer Staar), in Greek, sea-green is called pats whence 
glaucoma. This reflex, however, is by no means distinctive of glauco wma. itis always oun week ine 
dilated, and at the same time the media are not completely tr. nsparent, e. g, in eyes with the 
teal menstsh reflex. Hence an old man’s eye, wher atropinized, looks on superficial examination 


very like a glaucomatous eye. 
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ness of the cornea. The tension of the eye is considerably elevated. 

It may be seen that the symptoms of the acute attack are the same as 
those belonging to the prodromal attack, except that they are much more 
pronounced and are accompanied by inflammatory symptoms (injection, 
cedema of the lids and conjunctiva, and pain). The prodromal attacks may 
therefore be regarded in the light of abortive attacks of glaucoma, which 
retrocede before they have developed to theirfullheight. Butatlength an onset 
of this sort takes place, that rises to the height of an acute attack, and after 
this a perfect return to the normal is no longer possible. The tension now 
remains permanently elevated, and the eye retains the glaucomatous 
aspect. 

The course of the attack of congestive glaucoma is that after some days 
or some weeks—according to the severity of the attack—improvement, or 
even an apparent cure, sets in. After some days the pain diminishes in vio- 
lence and afterward disappears altogether. The eye becomes free from dis- 
coloration, the cornea clears up, and the sight becomes better again. If the 
sight was still normal before the attack, it may improve to such an extent 
that the patient can still read and write; but the more the sight has been 
injured before the attack by a prodromal stage of long duration, the less is 
its improvement after the decline of the attack. We may say in general that 
after an attack has passed off, the vision never again reaches the same height 
that it had before the attack occurred. The attack, furthermore, leaves 
behind it objective changes in the eye, that give at the first glance proof of 
the sort of disease that is present. The over-distention of the anterior cil- 
iary veins remains; the anterior chamber is shallower, and the iris is nar- 
rower, is turned to a slate-gray color, and reacts sluggishly or not at all; the 
tension is permanently increased. We then say that the eye exhibits the 
glaucomatous aspect (habitus glaucomatosus). Ophthalmoscopic examina- 
tion, which becomes feasible again after the cornea has cleared up, shows at 
the optic-nerve entrance the signs of hypersemia which really is only one of 
the evidences of the general hyperemia that was present during the con- 
gestive attack. The excavation of the optic nerve is not present directly 
after the attack, because for its formation quite a long period of increased 
tension is requisite; it hence does not develop until later on. It is only in 
those cases in which there has been a long preceding stage of prodromes that 
the excavation is present during the attack. 

After the subsidence of the attack the eye remains quiescent for quite 
a long time, and the patient entertains the hope of a permanent cure. Then 
a new attack sets in. This, as far as inflammatory symptoms and pain are 
concerned, is usually less intense than the first, but results in a still further 
reduction of the sight. Inasmuch as new attacks now constantly follow 
each other, at shorter or longer intervals,the sight at length becomes entirely 
extinct. The disease has then entered upon the third stage (§ 444). 
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The acute congestive attack is often misunderstood. In this the pain radiates 
from the eye into the whole of one side of the head, so that sometimes the patients are 
not for a moment aware that the pain is proceeding from the eye, but complain simply 
of violent “‘rheumatic”’ headache. If the attack has been accompanied by marked 
swelling of the lids, a history of erysipelas may be given. One should not allow himself 
to be led astray by such declarations as these, but should form his decision in accordance 
with the results of the objective examination. The principal thing that this shows us 
is the dull and uniformly cloudy look of the cornea. In former times this cloudiness 
was thought to be located not only in the cornea, but also in the aqueous humor and 
in the vitreous. As to the cloudiness of the vitreous, no proof whatever of it has been 
presented. An argument for the existence of cloudiness in the aqueous is the fact that 
not infrequently after it has escaped (in the performance of iridectomy), the pupil 
looks blacker than before. The main cloudiness, however, is situated in the cornea. 
Another important symptom of glaucoma is the dilatation and rigidity of the pupil, 
and by this we are guarded against any confusion with iritis or irido-cyclitis, since in 
these diseases the pupil is contracted. ; i 

A characteristic feature of glaucoma is the frequent, often periodical, aliernations in 
the course of thedisease. These are afforded by the transient obscurations of vision occur- 
Ting in the prodromal stage, by the inflammatory attacks recurring at intervals in the in- 
flammatory stage; even after the blindness is complete, there isstill a constant alternation 
of bright and dark days, according to the patient’s subjective luminous impressions. 

The character of the pupil has a very great influence on the phenomena of glaucoma. 
Its contraction has a favorable effect, since it generally diminishes the tension in glau- 


coma, while dilatation of the pupil, on the contrary, increases the tension. Hence 


miotics have the power of cutting short the prodromal attacks, and of ameliorating the 
symptoms even in the inflammatory attack. The fact that the prodromal attacks can 
be cut short by the patient’s going to sleep is probably also referable to the marked 
contraction which the pupil undergoes in sleep. Mydriatics, on the contrary, can excite an 
inflammatory attack in an eye that is predisposed to it, and that not only the powerful 
mydriatics, like atropine, but/also homatropine [euphthalmine], cocaine [and, according 
to some, even dionine and holocaine]. We should always, therefore, take care that there is 
no suspicion of the existence of glaucoma, before making an instillation of a mydriatic in 
the case of an elderly man. If, however, we have had the misfortune to set up in this way 
an attack of inflammatory glaucoma, it may be possible, by the prompt and energetic 
instillation of eserine, to cause the attack to disappear, and that perhaps permanently. 

[Exclusion of light by bandaging the eye or in other ways may also by inducing 
a dilatation of the pupil set up an attack of glaucoma (Elliot).—D.] 

(Those who hold that the ciliary muscle promotes outflow from the eye (see pages 
15 and 371), believe that a glaucomatous attack may be set up by inaction of this 
muscle and be prevented by its exercise (e. g., by reading, especially in a strong light) 
(Elliot).—D.] pa 

It is a fact frequently observed that iridectomy, done in a glaucomatous eye, may 
give rise to a congestive attack in the second eye, if it is already predisposed to glaucoma. 
Nevertheless, it is not the operation as such, but the associated mental and physical 
depression which, as on other occasions, may here, too, excite a glaucomatous attack. 
The operation itself is not needed to produce this result. One day a lady came to re 
with a recent congestive attack in both eyes. She had a few days before had her first 
attack of glaucoma in the right eye, and had consulted Prof. Arlt for it. When he 
explained to her that an operation was necessary, she experienced such a violent fright 
that she got a congestive attack in the second eye while returning from the consultation 


in her carriage. Probably there are two factors that act together in the case of glaucoma 


produced by violent emotion—the disturbance of the circulation and the reflex dilata- 
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tion of the pupil. In an operation upon a glaucomatous eye, pilocarpine or eserine 
may be instilled into the second eye to prevent the outbreak of glaucoma in it; even 
this precautionary measure, however, does not afford complete security. : 
Febrile diseases of various sorts likewise determine an attack of glaucoma— 
a fact that has been observed quite often, especially in the great influenza epidemics. 
(Injuries, such as blows on the head, abrasions and burns, or corrosiveinjuriesnear the 
limbus, etc., may set up an attack of glaucoma, usually transient (Kuemmell, Elliot) —D.} 


444, (3) Glaucoma Absolutum.—In this, the third stage of glaucoma, 
the eye is completely blind, and presents the following picture: Contrast- 
ing with the porcelain-like, bluish-white sclera are the distended anterior 
ciliary veins, which unite round the cornea to form a bluish-red circle of 
dilated vessels. The cornea is shining and transparent, but insensitive; the 
anterior chamber is very shallow. The iris is reduced to a narrow gray mar- 
ginal strip, which in places is almost entirely concealed by the limbus, and 
which at its pupillary margin is encircled by a broad black border. The 
dilated and rigid pupil is greenish, or of a dirty gray. The optic disk is 
deeply excavated, the eye as hard as stone. 

Later on, Hediueratiee changes make their ppnesruee in the blinded 
eye, which are designated under the name of glaucomatous degeneration. 
The cornea becomes cloudy and covered with peculiar glassy-looking 
deposits. Upon the sclera dark ectatie prominences—most frequently in 
the region of the equator (equatorial staphylomata)—present themselves to 
view; the lens becomes cloudy (cataracta glaucomatosa). Although the eye 
has now been blind for a long time, the patient still constantly believes that 
he perceives light, especially under the form of a luminous haze, which on 
some days is more pronounced, on other days less so. These subjective lum- 
inous appearances for a long time uphold the patient in the belief that he 
will be able to regain his sight. Furthermore, attacks of pain keep making 
their appearance at intervals in the blinded eye. 

The final outcome in glaucoma is usually atrophy of the eyeball. After 
the eye has been hard for years it at length becomes softer, smaller, and 
atrophic. In other cases, ulecus serpens develops with perforation and con- 
secutive irido-cyclitis or even panophthalmitis, together with phthisis bulbi. 
Not until the glaucomatous eye has become shriveled does it allow its unfor- 
tunate possessor to have any lasting rest. 

In the stage of glaucomatous degeneration various changes are observed in the 
cornea. (a) Most frequently together with marked cloudiness of the corneal parenchyma 
there are found gelatinous or hyaline deposits upon the surface of the cornea. (b) Vesi- 
cles develop upon the cornea, owing to the fact that the epithelium, either by itself or 
along with the newly formed deposits, is lifted from its bed by serous exudation—kera- 
titis vesiculosa and bullosa (page 286 and Fig. 105). (c) Zonular opacity of the cornea 
(page 310), and (d) ulcers of the cornea, frequently leading to perforation (page 261), 
are observed. As a result of the latter (especially uleus serpens) violent haemorrhages 
may take place from the interior of the eye (page 472), or severe purulent inflammation 
succeeded by shrivelling of the eyeball. These affections of the cornea, so various in 
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character, are referable in part to the alteration in nutrition produced by the disturb- 
ance in the lymphatic circulation, partly to the paralysis of the corneal nerves, mani- 
fested in the complete insensitiveness of the surface of the cornea to touch. In conse- 
quence of these changes, the cornea becomes less able to resist external injuries. 

In the course of glaucomatous degeneration the lens always becomes cloudy (cata- 
racta glaucomatosa). From this lenticular cloudiness, produced by the glaucomatous 
process, is to be distinguished that form which occurs only as an accident in the glauco- 
matous eye, and which is designated as cataracta in oculo glaucomatoso. Thus, simple 
senile cataract, traumatic cataract, etc., may be present in a glaucomatous eye. The 
distinction between cataracta glaucomatosa and eataracta in oculo glaucomatoso is 
made by observing the appearance of the cataract and by testing the vision. Cataracta 
glaucomatosa is distinguished by its marked distention, its bluish-white color, and the 
vivid silky luster of its surface, while cataracta in oculo glaucomatoso has the appearance 
corresponding to its origin and its nature. In the former kind of cataract the eye, as 
a result of the glaucomatous process, is completely blind, and hence an operation for 
cataract is useless. In the second case, if the glaucoma is not too far advanced, such a 
degree of sight (perception of light) may still exist as promises a good result from the 
extraction of the cataract. The extraction, however, should in no case be performed 
immediately; on the contrary, the increase of tension should first be done away with 
by an iridectomy, and this may be succeeded, say some four weeks later, by the cataract 
operation. If we should extract a lens, without taking any such preliminary precaution, 
in an eye affected with increase of tension, we would run the risk of losing the eye through 
severe intra-ocular hemorrhage (see page 256). 


445. Varieties in Course.—The course of glaucoma with a violent 
‘attack of congestion, here pictured, corresponds to that form which is desig- 
nated as glaucoma inflammatorium acutum. In the severest cases, which 
Von Graefe has described under the name of glaucoma fulminans, incurable 
blindness, in conjunction with the most violent symptoms of inflammation, 
may develop within an few hours. Of much more frequent occurrence than 
these cases, which luckily are rare, are those which run a less acute and typi- 
cal course than belongs to acute glaucoma. These cases are designated as 
glaucoma inflammatorium chronicum. Here no pronounced congestive 
attack takes place; on the contrary, the prodromal stage passes impercept- 
ibly into the stage of inflammation, the eye growing gradually red and sen- 
sitive, the cornea acquiring a smoky cloudiness, the iris becoming atrophied. 
The pain is neither so violent nor so continuous as In acute glaucoma. Often 
this sort of chronic course sets in after the first congestive attack, no com- 
plete subsidence of the symptoms of inflammation taking place. The final 
outcome is the same as in acute congestive glaucoma; and, anyhow, no 
sharp line of distinction exists between the two forms. 
| Glaucoma almost always attacks both eyes. Nevertheless, they are 
but rarely affected at the same time; it more frequently happens that the 
disease of the second eye follows months, or even years, after that of the 
first. The experienced physician, however. even in those cases in which one 
eye is still perfectly healthy, will frequently recognize in the latter a certain 
disposition toward glaucoma. This manifests itself in a shallow anterior 
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chamber, a somewhat dilated and sluggish pupil, and a comparatively high, 
even though not yet pathological, tension of the eye. With this there exist, 
usually, a hypermetropic state of the refraction and diminution of the range 
of accommodation. 

[The eye often is small and the cornea therefore narrower than usual. In patients 
coming from a suspected stock, these features may be regarded as danger signs (Priestley 
Smith).—D.] 

Congestive glaucoma is usually a disease of advanced life; it is found 
most frequently between the fiftieth and seventieth year. It never occurs 
in childhood and but very rarely indeed in youth. It attacks women [about 
twice as frequently as] men, especially women in whom the menopause 
occurs before the time. <A predisposition to congestive glaucoma appears 
to belong particularly to hypermetropic eyes, highly myopic eyes having 
almost complete immunity against this disease. [Myopes enjoy only a 
relative immunity. Thus of 115 cases of congestive glaucoma examined 
by Gilbert, 77 per cent were hyperopes, the remaining 23 per cent being 
equally divided between myopes and emmetropes (Elliot). See also 
page 497.—D.] Furthermore, rigidity of the vessel walls (arteriosclerosis) 
and habitual constipation predispose to glaucoma. Again, among Jews, 
{Egyptians, and certain varieties of negroes] congestive glaucoma is much 
more frequent than among other races. Moreover, there are many famil- 
ies in which glaucoma is inherited. 


{Familial glaucoma, according to Lawford, is continuous in descent, is transmitted 
by both sexes, exhibits the phenomena of anticipation, and occurs in all forms (Elliot). 
=i 

B. Glaucoma Simplex [Non-Congestive Glaucoma] ‘ 

446. In non-congestive glaucoma the increase of tension sets in very 
gradually, so that no inflammatory phenomena are produced. The eye 
either looks quite normal externally, or it gives evidence of the lesion affect- 
ing it in the greater prominence of the distended anterior ciliary veins, and 
also in a somewhat dilated and sluggish state of the pupil. The tension of 
the eye is shown to be elevated, but usually not to any considerable degree. 
Often on the first examination no increase of tension is found at all; it is not 
until we examine the eye repeatedly, and especially at different times of the 
day, that we succeed in demonstrating that the tension is elevated. At 
these times a slight, smoky cloudiness of the cornea is also sometimes pres- 
ent, such as appertains to the prodromal attacks of inflammatory glaucoma. 
Finally, there are cases of non-congestive glaucoma in which the tension is 
so low all the time that on palpation with the finger it is regarded as nor- 
mal, while, nevertheless, examination with the tonometer shows a very 
slight but still certain elevation above the normal. In a few cases, it must 


be admitted, no tension surpassing the normal can be demonstrated even 
with the tonometer. 
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In consideration of the fact that in non-congestive glaucoma marked 
external symptoms, and sometimes, indeed, even any increase of tension, 
are wanting, we are thrown back upon the ophthalmoscopic examination 
for the establishment of the diagnosis. Such an examination shows the 
presence of a total excavation of the optic nerve, the depth of which corre- 
sponds to the duration of the process. 

The subjective symptoms of non-congestive glaucoma, since the inflam- 
matory attacks and the pain are wanting, consist almost exclusively of the 
disturbance of vision. This manifests itself by gradual diminution of the 
sight, and in many cases also by transient slight attacks of obscuration, like 
those belonging to the prodromal stage of inflammatory glaucoma. The 
decrease in vision expresses itself in a contraction of the field of vision, as 
well as in a diminution of the central visual acuity. The diminution in cen- 
tral vision often develops late, when the field of vision has already become 
very small, so that not infrequently the patients are still in a condition to 
read or carry on fine work, while they are scarcely able to go about any 
longer alone (see page 114). Before this point is attained, generally a long 
time (even many years) has elapsed, inasmuch as the reduction, of vision 
takes place very slowly and gradually. For this reason the patient himself 
often does not become aware of the existence of his disease until late. The 
blinded eye may either remain always sound externally, or those inflamma- 
tory attacks which are characteristic of congestive glaucoma may occur— 
often, indeed, before the blindness has become complete. Non-congestive 
glaucoma, accordingly, not infrequently changes into congestive glau- 
coma. 

Non-congestive glaucoma always attacks both eyes. In contradistinc- 
tion to the congestive form, it sometimes occurs in young people, and 
attacks men as frequently as women. [Again it is found as often in 
myopic eyes as in those that are emmetropic or hyperopic (Gilbert and 
others cited by Elliot), whereas congestive glaucoma is found particularly 
often in hyperopia (see page 496).—D.] 

The relation of non-congestive to congestive glaucoma has been the subject of mani- 
fold discussions. Since the former, on account of the absence of inflammatory symptoms, 
is entirely different externally from congestive glaucoma, it was not recognized as 
glaucoma at all until the discovery of the ophthalmoscope. Even Von Grpete did not 
originally place non-congestive glaucoma under the head of glaucoma, but called it 
amaurosis with excavation of the optic nerve. Jiger held to this view to the last, look- 
ing upon non-congestive glaucoma as an optic-nerve lesion sui generis—a“ glaucomatous” 
optic-nerve lesion. [Schnabel holds a somewhat similar view, contending sha! the Cups 
ping in glaucoma is due to an active atrophy (cavernous degeneration) of the optic 
nerve. That the cupping, however, is due at the outset to increase of tension is shown 
by the-fact that it may disappear after the normal tension is restored by operation or 
miotics. Nevertheless, there is some reason for thinking that the cavernous degenera- 


tion, although not the cause of the cupping, may still constitute an essential feature of 
foot cases of glaucoma, since it and the atrophy that it produces may go on increasing 
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even after the tension is restored to normal (Elliot)—D.] But at present, the 
majority of ophthalmologists rank non-congestive glaucoma under glaucoma proper, 
since it has in common with its most essential symptom, the increase in tension. The 
interconnection of non-congestive and congestive glaucoma is also proved by the nu- 
merous intermediate varieties which form a continuous transition from one to the other, 
so that no sharp line of distinction can be drawn between the two. A non-congestive 
glaucoma, later in its course, often passes into the acute or chronic congestive form, and 
cases not infrequently occur in which congestive glaucoma is present in the eye first 
affected, non-congestive glaucoma in the one which was affected afterward. 

Some cases of non-congestive glaucoma with very slight increase of tension are not 
always clearly distinguishable from simple optic-nerve atrophy with unusually deep 
atrophic excavation. In doubtful cases testing of the color perception may furnish a 
diagnostic guide. In optic-nerve atrophy, color blindness sets in early, while in glau- 
coma the ability to distinguish colors is retained for a comparatively long time. 


447. Hydrophthalmus.—Hydrophthalmus is a disease of childhood. 
The eye is of unusual size (hence called buphthalmus, ox eye). The thin 
sclera is bluish, in consequence of the uveal pigment appearing through it; 
the cornea is larger and either clear and lustrous or, as in inflammatory glau- 
coma, dull and diffusely clouded. The anterior chamber is unusually deep, 
the iris is tremulous, and the papilla, after the process has lasted a pretty 
long time, is deeply excavated. The tension of the eye is considerably 
increased. 

The disease may come to a stop spontaneously, or may continue until 
it produces blindness. In the former case, the increase of tension subsides 
after a time; the unnatural bigness of the eyeball persists, indeed, but does 
not increase, and the eye retains a moderate amount of sight, the degree of 
which is mainly dependent upon the condition of the optic nerve. In the 
second case, the enlargement of the eye keeps on—sometimes until quite 
extraordinary dimensions are attaimed—and in the mean time complete 
blindness ensues. 

The disease is either congenital or develops in the first year of infancy, 
and generally in both eyes. Heredity plays an important part in its pro- 
duction. The nature of the disease has not yet been fully cleared up, but 
increase of tension is certainly the most important factor in it, leading, on 
the one hand, to the enlargement of the eye, and, on the other hand, to 
blindness through excavation of the optic nerve. For this reason hydroph- 
thalmus is also called the glaucoma of childhood. Its difference in external 
appearance from the glaucoma of adults is accounted for in the main by the 
physiological properties of the eye in childhood. The extensibility of the 
sclera in childhood renders it possible for the heightened pressure to result 
in enlargement of the eye as a whole. In the eye of the adult, however, the 
rigidity of the sclera permits of its expansion through increase of pressure 
only at its weakest spot—namely, at the lamina cribrosa. 


In hydrophthalmus the expansion of the coats of the eye is due to increased pressure 
acting on their inner surface. Hence we can comprehend that the lens does not share in 
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this enlargement, since it has to bear the pressure on its external surface. The lens, there- 
fore, is the only part of the hydrophthalmic eye that retains its normal dimensions—in 
fact, it not infrequently falls behind them. Hence the lens is too small compared with 
the surrounding parts, and the space between lens margin and ciliary processes keeps 
growing larger. Thus the zonule of Zinn undergoes an elongation which leads to its 
partial atrophy. Hence in hydrophthalmus of pretty high degree we always find defec- 
tive fixation of the lens manifested in tremulousness of lens and iris, and not infrequently 
inducing subsequent changes of position (luxation) of the lens, with their disastrous 
consequences. 

Cireumseribed, usually striate or band-like, opacities ia the cornea of hydroph- 
thalmie eyes depend upon spontaneous ruptures of Descemet’s membrane due to stretch- 
ing (ef. page 332). 

Hydrophthalmus may also be a symptom of neurofibromatosis multiplex (Reckling- 
hausen’s disease), which is compounded of a number of changes, mostly congenital. These 
changes, which, it must be admitted, are never all found together in the same individual, 
are—in the skin, multiple neurofibromata, fibrous mollusca, and flat pigment moles; on 
the face, neuroma plexiforme and lymphangioma of the lidsand orbit and unilateral hyper- 
trophy of the face; lastly tumors of the optic and auditory nerves. 

For the anatomical cause of increase of tension in hydrophthalmus, see page 509. 


Theories of Glaucoma 


448. Increase of Tension the Basis of Glaucoma.—All the essential] 
symptoms of glaucoma can be accounted for as being the results of the 
increase in pressure. The recognition of this fact by Mackenzie, and par- 
ticularly by Von Graefe, was the most important step made in establishing 
the theory of glaucoma. 

The elevated intra-ocular pressure has, as its first result, a disturbance 
of the circulation of blood in the eye, the essential character of which is that 
of a venous stasis. The heightened tension, that is, brmgs about a compres- 
sion of the veins in the interior of the eye, and especially in the vasa vorti- 
cosa, which, on account of their oblique course through the sclera, are par- 
ticularly exposed to the influence of the intra-ocular pressure. The blood 
flowing away from the uvea is hence compelled, in great part, to travel 
through the anterior ciliary veins; these are consequently dilated, and, in 
old cases of glaucoma, form a dense venous network encircling the cornea. 
In non-congestive glaucoma the symptoms of obstructed circulation are 
confined to the dilatation of the anterior ciliary veins and to the ophthalmo- 
scopically visible distention of the retinal veins. But in congestive glau- 
coma, in which the increase in tension and with it the disturbance of circu- 
lation set in suddenly, these changes induce the phenomena of inflamma- 
tory edema in the same way as the incarceration of a hernia, for example, 
results in inflammatory cedema of the incarcerated coils of intestine. Inflam- 
matory cedema is characterized by hyperemia of the tissues and marked 
swelling, due to their serous infiltration, while—in contradistinction to plas- 
tic inflammation—exudates and the adhesions produced by them are want- 
ing. Accordingly, the symptoms of acute congestive glaucoma, so far as 
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they affect the uvea, for example, differ greatly from the clinical picture of 
an irido-cyclitis; posterior synechize are only exceptionally observed in it, 
and exudations of greater degree, such as hypopyon, pupillary membranes, 
etc., are never observed. This absence of exudation, in spite of the violent 
external symptoms of inflammation, is, in fact, just the characteristic fea- 
ture of inflammatory cedema. 

449. Objective Signs of Increased Tension.—The cedema due to in- 
creased tension finds different expression in the different portions of the eye: 

1. The corneal cloudiness of glaucoma is an cedema of the cornea, as has 
been proved by anatomical investigation. From this can be understood the 


Fie. 215. Fig. 216. 


Fig. 215.—Ir1s anp Cruiary Bopy in Recent INFLAMMATORY GLAtUcoMA. Magnified 9 X 1. 
The ciliary process, c,is so greatly swollen that it pushes the root of the iris forward and presses it 
against the sclera, S, and the cornea, C. The sinus of the anterior chamber, which should lie some- 
what behind Schlemm’s canal, s, is thus closed. The ciliary muscle shows the pronounced develop- 
ment of the circular muscular fibers (Miiller’s portion), characteristic of the hypermetropic eye. 

Fie. 216.—Ir1s anp CitiAry Bopy 1n OLp INFLAMMATORY GLAUCOMA. Magnified 9X1. The 
dotted line gives the outline of theiris, /1, and the ciliary body, c1,in the normal condition. The root 
of the iris is adherent to the sclera, S,.and the cornea, C, wherever it has been pressed against them 
by the ciliary body. The attachment of the iris is hence displaced forward and lies in front of 
Schlemm’s canal, s. So, too, the sinus of the anterior chamber is displaced from 6 to a. Wherever 
the iris has become adherent, it has been thinned through atrophy, so that in places—8, for example— 
it consists of scarcely anything more than the pigment layer. Even the free portion of the iris, J, 
appears in consequence of its atrophy narrower than the normal iris, Ji. Over the pupillary border, e, 
the retinal layer of pigment turns forward farther than usual, and the sphineter pupille, p, also shares 
to some extent in this eversion. The ciliary body owing to its having become atrophic, has again 
separated from the iris, and in fact more so than in the normal condition, so that it is now removed from 
the iris by a broad interval. The atrophy affects both the ciliary muscle, m, and the ciliary process, c. 


suddenness of development of the corneal cloudiness, and also the prompt- 
ness of its recession upon reduction of the pressure— e. g., after puncture of 
the cornea, or iridectomy. If we were dealing with an inflammatory infil- 
tration of the cornea. e., with a keratitis—it could not possibly disappear 
again within a few hours. 

2. Inflammatory edema of the iris manifests itself mainly by discolor- 
ation and by the obliteration of the details of its structure. The anterior 
chamber becomes shallower, because the lens is pressed forward together 
with the iris, in consequence of the elevation of pressure in the vitreous 
chamber. Added to this there is a displacement forward of the attachment 
of the iris—that is, the greatly swollen ciliary processes press the root of the 


Be 


iris forward, so that it is applied to the most anterior portion of the sclera 
and to the margin of the cornea (Fig. 215). Consequently, the iris appears 
to take its origin farther forward (Figs. 215 and 216). The ciliary nerves, 
are compressed and paralyzed by the high intra-ocular pressure; hence the 
insensitiveness of the cornea and the paralysis of the iris (iridoplegia) with 
which are associated dilatation and loss of reaction of the pupil. The dila- 
tation afterward increases still more in consequence of the atrophy of the 
iris, that develops as a result of the pressure exerted upon the latter. 

3. The redness and clouded appearance of the papilla of the optic nerve 
during the inflammatory attack are caused by hyperemia combined with 
some cedema; the excavation which subsequently takes place is the direct 
result of the elevation of pressure. 

[That the excavation is due to the pressure is proved by the fact that it may dis- 
appear if the pressure is relieved (see page 497).—D.] 

450. Anatomical Changes Produced by Increased Tension.—The 
anatomical changes corresponding to the objective signs above described 
are as follows: 


In the cornea the cause of the cloudiness is found to be cedema of the epithelium. 
The fluid producing the cedema is found under the form of minute drops, between Bow- 
man’s membrane and the epithelium, and also between and in the epithelial cells them- 
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Fic. 217.—CorNnEAL EpirHetiom IN A CAsE OF INCREASE OF TENSION. _ Magnified 500 x 4, 

The specimen was from a case in which increase of tension set in after plage balan Ree dca 

chyma of the cornea with the flat nuclei of the corneal conpucclen | 2 Sa ee ea On 
ii i r aces mi > nerve filaments are seen passing. At é 8 0 es 

“pae Sige ener apiece chk ae snl Warsceten aig bases of the Jowermost ee pee 
cells) light-colored rounded spaces, which represent very minute sce eae ey ee a 
vision between the foot cells are in general represented by lighter colored in a Mame eg at 
the cells are to a certain extent pressed apart by fluid and their Hee zs ns a a iret 

hand, the cells of the middle layer are bordered by broad, dark lines repre sen ‘ing ‘he in me a 
"apa a f these the ectinate cells. In the uppermost layers there are numerous cells altered by 
a arino “i f fluid Sates walt a, this fluid occupies the greater part of the cell body, so that the cell 
itselt hoe a “At b, the anterior wall of a cell that was filled with fluid has fallen off. At c, the 
a aedtematents of a cell have been discharged through a slender opening. Owing to these changes in 


the uppermost cells, the surface of the epithelium as a whole is uneven. 

selves (Fig. 217). Even though this liquid itself may be quite clear it nde ae a 
cloudiness of the whole epithelial layer, if it has an index of hetravtian dif pad se 
that of the epithelial cells. The dullness of the corneal surface is due to i act at 
the epithelial cells are forced apart by the liquid and are pushed up in p , so ee 
the surface of the cornea is covered with minute inequalities (Fig. 79). 1en this 
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elevation of the epithelium takes place over a pretty large area, small vesicles are formed 
upon the surface of the cornea. 

In the sclera an increase in density has been demonstrated, and also a fatty degen- 
eration of the fibers, which look as if sprinkled with minute drops of oil. 

The aqueous is more albuminous, and coagulates readily in the air and in hard- 
ening fluids. 

The most important changes affect the wea. In recent inflammatory cases it 
presents the appearances of inflammatory cedema—. e., infiltration with an abundant, 
readily coagulable liquid, while white blood corpuscles that have emigrated from the 
vessels are present in but scanty numbers; but what strikes one most of all is the marked 
distention of all the venous vessels, in consequence of which extravasations of blood 
are produced in many spots. The ciliary processes in particular, which of all the struc- 
tures of the eye possess the most veins, are greatly swollen through the turgidity and 
distention of the vessels, and press the root of the iris against the sclera and the cornea. 
These structures become agglutinated, so that the periphery of the iris remains per- 
manently connected with the sclera and cornea (peripheral anterior synechia), and 
so continues even when later on the ciliary processes retract again away from the iris 
(Fig. 216). This retraction takes place in consequence of the atrophy which, after the 
‘subsidence of the early inflammatory symptoms, sets in in all parts of the uvea. In the 
iris, the atrophy finds expression in its becoming narrower and thinner. Rigid connec- 
tive tissue, from which the blood-vessels have for the most part disappeared, takes the 
place of the delicate network of anastomosing cells. In the vessels which are still present 
the walls are thickened, and the lumen is thus contracted or even entirely obliterated 
(Ulrich). The muscular bundles of the sphincter pupillee, too, become atrophied. The 
part which is best preserved is the retinal pigment layer, which, by the great shrinking 
of the anterior layers of the iris, is drawn continually farther and farther forward over 
the edge of the pupil (ectropion of the pigment layer; Fig. 216, e). Hence, when we 
look at the eye from in front we find the margin of the pupil encircled by an unusually 
broad black rim, which sometimes covers half the breadth, or even more, of the sur- 
face of the iris. The atrophy attains its greatest height at the root of the iris—i. e., at 
that part which is adherent to the sclera and cornea (Fig. 216, b). In old cases nothing 
of the iris is left in this spot but the retinal pigment layer and one or two of the larger 
vascular trunks. These remains of the iris are intimately adherent to the wall of the 
eyeball; the ligamentum pectinatum is condensed into a tough, fibrous tissue; and, 
finally, even Schlemm’s canal disappears. 

The ciliary body diminishes in size through atrophy, so that it draws away again 
from its contact with the iris, and afterward becomes flatter and flatter, until at length 
it scarcely forms any projection at all (Fig. 216, c). The atrophy affects the ciliary 
muscle as well as the ciliary processes. In the chorioid the atrophy finds expression 
in the obliteration of the blood-vessels and the rarefaction of the pigment, so that the 
chorioid is finally in some spots reduced to a thin, transparent pellicle. This sort of 
atrophy of the chorioid takes place above all in the neighborhood of the papilla, and 
by it there is formed the halo glaucomatosus visible with the ophthalmoscope (h, Fig. 
213, A). The atrophy also reaches a high degree in the spots where the vasa vorticosa 
pass from the chorioid into the sclera. The chorioid here grows fast to the sclera, which 
becomes thinned, and, together with the chorioid, bulges out to form an equatorial 
staphyloma. In the vasa vorticosa themselves is found proliferation of the vascular 
endothelium, leading to contraction, or even obliteration, of the lumen of the veins 
(Czermak and Birnbacher). 

At the optic-nerve entrance the particularly striking feature is the displacement 
of the lamina cribrosa. This is condensed by the compression of its layers, and is dis- 
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placed backward so that not infrequently it even gets to lie behind the outer surface 
of the sclera (Fig. 213 B, e). The excavation of the papilla thus produced contains 
upon its floor atrophic nerve fibers, neuroglia, and some connective tissue (Fig. 213 B, 
6). Large excavations get to have overhanging edges (become ampulliform), because 
the short canal in the sclera, which is designed for the optic nerve, and which is laid 
bare by the excavation, is wider behind than in front (see Fig. 23). 

In the head of the optic nerve and also behind the lamina cribrosa gaps (lacunee) of 
greater or less size are frequently formed (Schnabel). [See page 497.] 

In consequence of the destruction of the head of the optic nerve, the retina and 
the trunk of the optic nerve also atrophy; the latter becomes thinner, as a whole, and 
shows that its connective-tissue trabecule have been enlarged at the expense of its nerve 
fibers (Fig. 213 B, n). 

Precise as is our information in regard to the anatomical changes above described, 
and many others, too, in glaucoma, we must be correspondingly cautious in the inter- 
pretation of their significance, if we are bent upon finding out the anatomical cause of 
glaucoma. Most of these changes, if not all, are simply the result of the increase of 
pressure—as is, without any doubt, the case with regard to the atrophy of the tissue 
and the excavation of the optic nerve. To find those changes which precede the increase 
of tension and cause it, we should have to examine the eye in the earliest stages of 
glaucoma. The opportunity for making such an examination has hitherto been but 
very rarely offered us. Indeed, most of the glaucomatous eyes that have been examined 
are those which have been enucleated in the stage of glaucoma absolutum because they 
were painful. 


451. Subjective Symptoms Due to Increased Tension.—The violent 
pain in inflammatory glaucoma is excited by the compression of the ex- 
tremely numerous sensory nerves of the ciliary body and the iris. 

The disturbance of vision, too, is the result of the heightened intra-ocular 
pressure, which causes it in different ways, according as we are dealing 
with congestive or non-congestive glaucoma. In congestive glaucoma the 
disturbance of vision is brought about by— 

(a) The glaucomatous opacity of the cornea, which affects chiefly cen- 
tral vision, and that, too, to a marked degree, on account of the uniformity 
of its diffusion. 

(b) The ischemia of the retina, due to the compression of the retinal 
arteries, by which is caused the contraction of the field of vision. This com- 
pression makes itself felt first in those sections of the arteria] channel in 
which the blood pressure is lowest. But, since the blood pressure in the ves- 
sels is less the farther we get away from the heart, the terminal expansions 
of the arteries lying in the periphery of the retina are first affected by the 
compression. Hence the periphery of the retina first becomes insensitive to 
light, a thing which manifests itself by contraction of the field of vision. 
Moreover, the ischzemia does not become apparent in all parts of the retina 
at once or in equally high degree. Since the papilla of the optic nerve, and 
with it the point of entrance of the retinal vessels, lie to the nasal side of the 
posterior pole of the eye, these vessels have a greater distance to travel in 
going to the temporal margin of the retina than to the nasal margin. The 
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former is therefore first affected by the ischemia, so that the limitation of 
the field of vision begins generally at its nasal margin. 

Both the opacity of the cornea and the acute ischemia of the retina 
belong solely to congestive glaucoma, and it is they which are the principal 
cause of the very great reduction of sight during the acute attack of glau- 
coma. They are of transitory nature, disappearing again as the elevated 
tension abates, and at the same time with their disappearance an improve- 
ment of the acuity of central vision and an enlergement of the field of vis- 
ion set in. 

(c) In the third place, the acuity of vision is diminished by direct pres- 
sure upon the optic-nerve fibers and their consequent atrophy—atrophy 
which takes place during the formation of the glaucomatous excavation. 
The disorder of vision thus produced is permanent, since the atrophy of the 
optic-nerve fibers is irreparable. 

In non-congestive glaucoma the two first-named factors are wanting. 
The disorder of vision is here caused solely by the excavation and simulta- 
neous atrophy of the papilla of the optic nerve. 

452. Explanation of the Increase of Tension.—Easy as it is to deduce 
the symptoms of glaucoma from the elevation of tension, it is quite as dif- 
ficult to account for the origin of the latter, and thus explain the essential 
nature of glaucoma. Of the many theories which have hitherto been pro- 
pounded upon this subject, no single one is satisfactory in every respect. 
Only the most important of them will be adduced here, and that mainly 
with the object of showing upon what circumstances increase of tension in 
general depends. 

The intra-ocular pressure is determined by the relation between the 
internal capacity and the elasticity of the envelopes of the eyeball, on the 
one hand, and the amount of its contents, on the other. If the latter factor 
increases or the former factors diminish, the pressure is elevated. An altera- 
tion of the internal capacity of the envelopes of the eyeball cannot be 
brought in to account for the increase of pressure, since the volume of the 
envelopes of the eyeball, as a whole, is unalterable. In advanced life, to be 
sure, the sclera is not only more rigid, but also a little contracted; but the 
diminution in volume so caused is extremely slight. We must, therefore, 
look for the cause of the elevation of tension in an increase in the amount 
of the contents of the eyeball, the envelopes of the eyeball being at the same 
time not sufficiently elastic to adapt themselves to their increased contents 
without marked heightening of the pressure. Now the amount of matter 
contained in the eyeball depends, on the one hand, upon the amount of 
ocular fluids which are constantly being secreted by the blood-vessels, and, 
on the other hand, upon the quantity of fluid which leaves the eye again 
through the lymph passages; it corresponds, that is, to the relation between 
inflow and outflow, between secretion and excretion. 
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In the normal eye this relation always remains about the same, since 
with any increase of the inflow the liquid, which is now subjected to an 
increased pressure, also leaves the eye more quickly, so that the normal 
pressure is soon restored. For any permanent increase of pressure to occur, 
a disturbance of this self-regulating action must be present. Such a dis- 
turbance can be looked for only in the excretory apparatus, for so long as 
this works normally, every increase in the amount of fluid would soon be 
compensated for by increase in the outflow. But if the outflow is interfered 
with, a normal or even a diminished inflow of liquid must lead ultimately 
to over-distention of the eyeball. Consequently the explanation that is 
accepted by most authorities at the present time to account for the increase 
of tension, namely the theory of Knies and Weber, presupposes a disturb- 
ance of the outflow. The most important path for the outflow lies in the 
sinus of the anterior chamber and passes through the ligamentum pectina- 
tum into Schlemm’s canal. It is at this spot that the obstacle must be 
looked for. Such.an obstacle is produced in the following way: 

A genuine glaucoma develops only in an eye which has a predisposition 
to it. This predisposition depends on insufficient spatial relations. These 
affect the eye as a whole and particularly affect the region of the anterior 
and posterior chambers. They are afforded by: 1. Smallness of the eye as 
a whole; 2. Shallowness of the anterior chamber;? 3. Undue protrusion of the 
ciliary processes; 4. Disproportionate size of the lens (Fig. 218). Such 
relations appertain to the hypermetropic eye when it has become old. The 
hypermetropic eye as a whole is smaller than the normal eye, its anterior 
chamber is shallower, and its ciliary processes protrude more than usual 
toward the lens because the ciliary muscle is hypertrophied on account of 
the constantly maintained accommodation. Yet the lens in such eyes is no 
smaller than it is in the emmetropic eye. And, as regards the lens, there is 
the additional fact that it increases in size progressively with advancing age, 
and yet the eye itself grows no larger, so that ultimately the lens becomes 
too big for the eye. Hence, the hypermetrope does not get glaucoma as long 
as he is young, but gets it only when with advancing age his lens has become 
too large, for then the space between the lens and ciliary processes becomes 
too narrow. [These predisposing factors may occur in many who are not 
hyperopes (see pages 496 and 497).—D.]| It is through this space—the cir- 
cumlental space—that the lymph flows from the vitreous to the aqueous 
cavity. When this space is contracted the lymph becomes dammed up in 
the vitreous. The latter consequently increases in volume, pushes the lens 


f the anterior chamber in persons nists with ager 
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(Elliot).—D.] 


2 [As Priestley Smith says, the shallowness 0 
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and iris forward, and thus makes the anterior chamber still shallower. An 
actual increase of tension, however, is not yet present in such an eye because 
the sinus of the chamber is still present, so that an increased amount of 
aqueous, such as would correspond to the increased volume of the vitreous, 
can be still discharged exteriorly. An actual attack of glaucoma does not 
occur in the predisposed eye until this passage of outflow is blocked. This 


Fig. 218.—ScuHematic REPRESENTATION OF THE PREDISPOSITION TO GLAUCOMA, 
The unbroken line corresponds to the spatial relations in the young emmetropic eye, the dotted 


line to the relations in the senile hypermetropic eye, In the latter the ciliary bodyjuts further forw ard. 
The lens is enlarged. Owing to the increase of its equatorial circumference, its margin extends further 
toward the periphery, and, owing to the enlargement of the sagittal diameter, the iris is pushed for- 
ward so that the anterior chamber is shallower. The figure has some resemblance to Fig. 371, which 
represents the process of accommod: ation. The important difference between the two consists in the 
fact that in the latter figure the margin of the lens recedes by the same amount that the ciliary body ad- 
vances, sothat the circumle ntal space remains of constant width. In Fig. 218, on the contrary, the ciliary 
body and the margin of the lens advance toward each other and thus contract the circumle ntal space. 
takes place from closure of the sinus of the chamber, as is produced by some 
one of those causes which, we know, can excite an attack of glaucoma. 
The exciting causes of this sort, that we are acquainted with, are disturban- 
ces in the circulation of the blood and dilatation of the pupil. 

Let us, to begin with, consider the first case, astas7s of blood in the veins 
of the greater circulation. In the eye such a stasis makes itself apparent 
principally in the ciliary processes which are extremely rich in veins. The 
ciliary processes consequently swell up and, as the cireumlental space is so 
narrow, soon extend to the margin of the lens. In this way the ecommuni- 
cation between the vitreous cavity and the anterior chamber is still more 
interfered with, and the vitreous, owing to the retention of lymph, swells up 
to a still greater extent than before, and pushes forward still more strongly 


upon the swollen ciliary processes. Since the latter are already abutting 


ay 
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against the margin of the lens, they can give way toward the front only. 
They swell forward into the posterior chamber until they reach the root of 
the iris, and jam the latter forward against the corneo-sclera (Bigs 215), 
But in doing so the iris shuts up the passage of outflow for the aqueous, and, 
hence, the intra-ocular pressure at once necessarily rises. In this way a 
glaucomatous attack is brought about. 

A glaucomatous attack in a predisposed eye may also be set up by dila- 
tation of the pupil (as a result of psychical excitation, or by mydriatics, ete.). 
When the iris grows narrow in the process of dilatation of the pupil, it 
increases correspondingly in thickness. If this takes place in an eye which 
has markedly projecting ciliary processes, on the one hand, and a shallow 
anterior chamber, on the other, the thick iris will block the narrow sinus of 
the chamber (Fig. 219) and thus excite increase of tension. 

If the swelling of the ciliary processes soon recedes, or the pupil soon 
contracts again, the iris returns to its former position, the sinus of the cham- 
ber becomes free, the tension falls, and the attack, being in this case simply 
a prodromal one, passes off. If,on the other hand, a return to the normal 
condition does not take place soon, the root of the iris becomes agglutinated 
to the corneo-sclera, and out of this agglutination an adhesion afterward 
develops (Fig. 216). Then a return to the normal conditions has become 
impossible, and the glaucoma is permanent. 


453. Summary of Glaucoma Theories.—The older theories of glaucoma endeavored 
to account for the elevation of tension by attributing it to an increase in the volume of 
the eyeball due to an increase of the inflow (see also page 509): 

Von Graefe assumed the existence of an increased excretion of fluid by the vessels 
of the chorioid as a result of inflammation of the latter. Since the ophthalmoscopic symp- 
toms of chorioiditis are generally wanting in glaucoma, Von Graefe, to get over this difficulty, 
assumed the existence of what he called a serous chorioiditis, the nature of which was 
supposed to consist in a serous transudation without any coarser anatomical changes. 

Donders ascribed the increased secretion on the part of the chorioid to the in- 
fluence of the ciliary nerves. He looked upon glaucoma simplex as the typical form 
of glaucoma because it was not complicated with inflammation. Hence he could not 
consistently look for the cause of the increased excretion of fluid in an inflammation 
of the chorioid. Rather, he supposed it to originate in an irritation of the chorioidal 
nerves, being thus a sort of neurosis of secretion, just as, for example, increased secre- 
tion takes place in glands upon irritation of certain nerves. ; : 

Stellwag referred the elevation of tension not to increased excretion of fluid, but 
directly to the increase of blood-pressure in the vessels of the interior of the eye. The 
pressure which the blood exerts on the vessel wall is borne only in part by the latter; 
so far as the vessels expand under the influence of the blood-pressure they transmit 
a portion of this pressure to their surroundings. The blood-pressure in the intra-ocular 
vessels accordingly forms an important item in the sum total of intra-ocular pressure, 
so that its elevation has as its direct result an increase in the ocular tension as a whole. 
The interior vessels that are to be considered in this connection belong principally to 
the uvea, that being the most vascular portion of the eye. The elevation of the blood- 
pressure in the vessels of this part is, therefore, according to Stellwag, the direct cause 
of glaucoma. It makes its appearance iu consequence cf obstructions to the circulation 
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which affect mainly the region of the vasa vorticosa, and are brought about by dimin- 
ished elasticity and shrinkage of the sclera; for those sections of the vasa vorticosa 
which pass with a very oblique course through the sclera are liable to compression when- 
ever the latter shrinks. According to Heerfordt, a compression of this sort takes place 
at the spot where the vene vorticose enter the sclera from the chorioid. Here, at the 
back part of the channel of entry, the sclera forms a tapering prominence, which juts 
out into the veins and, it is said, closes them like a valve. 

Against these theories the objection must be made, primarily, that an increase in 
the inflow or an over-distention of the vessels cannot by themselves account for the 
elevation of tension, since, if the conditions are otherwise normal, an increase in the 
contents of the eyeball is immediately compensated for by the increased outflow. If 
a few drops of liquid are injected into a healthy living eye, and the intra-ocular pres- 
sure is thus heightened, it returns to the normal again after a short time, since a corre- 
spondingly greater aniount of liquid flows off through the lymph channels. If we ligate 
the ven vorticose at their points of exit from the eye, we get an increase of tension in 
the sense of Stellwag’s theory, but it is not permanent. 

[Other theories that have been propounded to account for the development of 
glaucoma are: (a) cedematous and vascular conditions at the posterior pole of the eye 
(Fergus and others); (6) cavernous atrophy of the optic nerve (Schnabel—see page 
497); (c) fibrosis of the pectinate ligament (Henderson); (d) increase in the amount of 
hydrophilous colloids in the eye, due to acidosis and causing cedema of the eyeball 
(Fischer and others). None of these seems tenable as explanations for glaucoma in 
general (Elliot).—D.] 

The foundation for the views that now prevail was laid by Knies, who was the 
first to show that the peripheral adhesion of the iris, which had been already known to 
exist, occurred quite regularly in glau- 
comatous eyes, so that he brought it 
into causal connection with the glau- 
coma. He explained the adhesion 
itself as being due to an adhesive in- 
flammation in the vicinity of the sinus 
of the chamber. But almost simul- 
taneously Weber by examining a re- 
cent case of glaucoma proved that 
the cause of the obliteration of the 
sinus was not inflammation but the 

: pushing forward of the iris by the 

Fic. 219.—Iris anp Crintary Bopy In A Very Hyprr- eae : % 
MErROPIC Eyn in DILATATION OF THE PUPIL. swollen ciliary processes. Priestley 
Dace a Smith then demonstrated that glau- 


The iris is contracted and thickened, so that at a it 
comes into contact with the posterior surface of the eomatous eyes are on the average 


cornea and cuts off the sinus from the rest of the an- 

terior chamber. The ciliary body is unusually large; the Smaller than normal eyes, and have 
circumlental space narrow. comparatively large lenses; he also 
was the first to recognize that the lens continues to grow even late in life. He also 
showed how the thickening of the iris, that occurs simultaneously with the dilatation 
of the pupil, acts. It is not the root of the iris that in this case is pushed against the 
cornea, for the root of the iris is very thin. But directly to the inner side of the root 
the iris attains its full thickness, so that here its anterior surface turns up and passes 
abruptly forward; and it is this point (a in Fig. 219) that first comes into contact with 
the posterior surface of the cornea when the iris is thickened. In this way the sinus is 
closed off so as to form a ring-shaped space which no longer communicates with the 
anterior chamber. Then in both anterior and posterior chambers, the pressure rises and 
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forces the most peripheral, or root portion of the iris against the sclera. The return to 
normal conditions, such as occurs in the case of the prodromal attacks, Czermak accounts 
for upon the supposition that owing to the increase of tension a state of irritation sets 
in, which by reflex action causes contraction of the pupil, so that the iris is again drawn 
away from the cornea. But, in order for this to take place, it is necessary that the sphinc- 
ter pupiilz should be strong enough, and, moreover, no adhesion must have formed 

- between the iris and the cornea. [In the contrary case, a return to the normal is im- 
possible, and permanent glaucoma ensues.—D. ] 

Even the present theories are not free from objections. So far, no explanation 
of glaucoma has yet been propounded which is satisfactory in every respect. The 
reason for this is perhaps to be found in the statement that all cases of primary glau- 
coma probably do not deyelop in the same way, so that one explanation could not 
possibly fit all cases. And, in particular, it might be possible that glaucoma simplex 
and inflammatory glaucoma would have to be referred to different causes. In non- 
congestive glaucoma the sinus of the anterior chamber is often found to be open, so 
that closure of the latter cannot be the cause of the increase of tension. In hydroph- 
thalmus the anterior chamber is particularly deep and apposition of the root-_of the iris 
to the cornea is not to be thought of. But probably the sinus is partially filled by 
a fibrous tissue, representing a residue of the fetal ligamentum pectinatum, which in the 
normal eye disappears in part even before birth, but in hydrophthalmus remains perma- 
nently and forms a rather dense tissue. Commonly, too, Schlemm’s canal is wanting, 
and in these congenital anomalies we have to look for the cause of the hindrance to 
filtration outwards. 

[Elliot gives the following classification of the factors, any one or several of which 
may be effective in causing the development of glaucoma, especially in old age: 

A. Anatomical Conditions: 

(a) Enlargement of the lens. 

(b) Slackening of the zonula, so as to allow advancement of the lens. 

(c) Thickening of the fibers of the pectinate ligament (Henderson). 
B. Degenerative Changes causing: 

1. Increase in the volume of liquid secreted. From— 

(a) Nervous irritation of the secretory fibers due to inflammation of the 
chorioid (Von Graefe), inflammation of the ciliary body (Bjer- 
rum), or irritation of the secretory nerves (Donders). This view, 
which had been given up (pages 507, 508), has recently been 
revived and has some arguments to support it. 

(b) Degeneration of glandular elements, especially in the ciliary body. 
The increased secretion here would be analogous to that which 
takes place in the kidney in chronic nephritis. 

(c) Alterations in vaso-motor pressure (see E, below). “7 

2. Alteration in character of secretions poured into the eye. This is accepted 
as a probable cause in glaucoma secondary to irido-eyclitis, and it is 
likely that it is also a cause in primary glaucoma. (According to Priest- 
ley Smith, the aqueous is secreted by the ciliary processes, the vitreous 
by the pars plana of the ciliary body, and it is likely, he says, that 
senile degeneration may affect these two zones unequally, so as to cause 
over-production and retention of fluid in the vitreous with normal pro- 

duction of the aqueous. The lens would then be shoved forward and a 

condition of chronic glaucoma would be set up. There are pathological 

findings that agree with this assumption). 
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C. Hydrophilism of the eye tissues. 

This is the theory of Fischer and others (see page 508). It must be regarded 
as improbable. 

D. Autogenous intoxications. 

These set up low forms of inflammation which may act either by obstructing 
the passages of outflow or by hampering the ciliary muscle’ (Risley, La 
Grange). Cases thus caused are closely akin to cases of secondary glaucoma. 

E. Changes in vascular system. 

(a) Increase in general vascular tension. The well-founded general belief 
is that this has no relation to the development of glaucoma.* 

(b) Increase in vascular pressure limited to the eye. A possible cause, but 
at present not susceptible of proof. 

(c) Loss of vaso-motor control in the body or in the eye. One of the princi- 
pal factors in producing congestive glaucoma and probably important 
for simple glaucoma too. The glaucoma set up by irritation of the 
fifth nerve and the sympathetic are to be ascribed to this factor, the 
effect of which is also seen in the various exciting causes of glaucoma 
in general and especially of the acute attack, viz., hunger, cold, sleep- 
lessness, nervous and bodily exhaustion, anxiety, emotional stress, 
constipation, cardiac obstruction, etc. The effects of such vascular 
disturbance are particularly marked in age, when resistance to shocks 
of every kind is lessened.—D .| 


Treatment of Primary Glaucoma 
(A) OPERATIVE TREATMENT 


454. Glaucoma passed for an incurable disease until Von Graefe dis- 
covered the curative action of iridectomy. Afterward still other methods 
of operating in glaucoma were devised, none of which, however, has been 
able to displace iridectomy. 

1. Iridectomy.—Inidectomy (see §§ 853, 857) must satisfy certain con- 
ditions, if it is to be efficient in combating glaucoma. The wound should 
lie in the sclera, not in the cornea; and the excision of the iris should be ear- 
ried to the ciliary margin, and be made as broad as possible. {If the incision 
is made well back of the limbus and the root of the iris is torn away up 
to its msertion, it does not seem necessary to make a broad iridectomy. 
—D.] Incarceration of the iris in the wound after the operation should 
be avoided by careful reposition. If possible, the iridectomy is made up- 
ward, so that the coloboma may be covered by the upper lid, and not 
cause trouble through the dazzling due to irregular refraction. 

Iridectomy is often difficult to perform in congestive glaucoma, on account of the 
cloudiness of the cornea, the shallowness of the anterior chamber, the rottenness of the 
iris, and the great painfulness of the parts. Hence the excision of the iris does not 
always turn out to have been done correctly. Luckily it is precisely in congestive glau- 
coma that even a less successfully performed iridectomy is usually followed by the effect 


pe Caer Hh of a action oF the ciliary muscle in pumping liquid out of the eye are 
correct (see page 15), the development of glaucoma can be effected by anatomical and de ‘rative 
as well as toxic changes affecting this muscle. ; : ‘ je ace 

‘ {It seems likely that when, as often happens, high vascular tension and glaucoma are associ- 
ated, one condition is not dependent on the other, but both arise independently from the same 
exciting causes (viz., those given under c below), constantly repeated.—D.] a 


GLAUCOMA 511 


desired. Above all, we must avoid injuring the capsule of the lens, an event which 
might easily happen from the narrowness of the iris and the shallowness of the anterior 
chamber. Such an eye is greatly jeopardized, since the injured lens swells up, and thus 
gives rise anew to increase of tension. 

Traumatic cataract, however, may follow an iridectomy for glaucoma without any 
fault of the operator. When the intra-ocular pressure is high or when there is strong 
pressure exerted by the patient, the edge of the lens is pushed against the i incision, and 
in consequence the capsule of the lens may be ruptured at this portion of the lens mar- 
gin. The result is a subsequent opacification of the lens. Because of the wound in the 
capsule the lens may make a spontaneous exit through the in cision, either immediately 
after the operation is completed or some days later. 

Iridectomy in congestive glaucoma is usually followed by hemorrhage into the 
anterior chamber and into the retina. The sudden diminution of the pressure, the 
fact that we are operating in a very hyperzemiic eye, and the degeneration of the vessel 
walls are all accountable for this. The blood in the anterior chamber is sometimes un- 
usually slow in being absorbed, because the normal channels of outflow are stopped up. 
The retinal hemorrhages cause no special harm, except when one of them happens 
to involve the region of the yellow spot. 

On account of the great tension of the glaucomatous eye, the raves of the wound 
after iridectomy do not close up as well as in the case of other iridectomies—e. g., those 
made for optical purposes. Hence, more frequently than is otherwise the case, we get, 
instead of direct union of the edges of the wound, healing with the interposition of an 
interstitial tissue, as a consequence of which ectasis of the cicatrix or cystoid cicatriza- 
tion is readily produced. 

{Iridectomy and also sclerectomy both by Elliot’s trephining and still more by 
La Grange’s method are often followed by detachment of the chorioid (see page 472).—D.] 

In glaucoma simplex it sometimes happens that iridectomy [and occasionally also 
sclerectomy] have for their immediate result a marked reduction in the sight. This 
is to be apprehended when the field of vision was so very much contracted before 
the operation that its limits at one spot reached nearly up to the point of fixation. 
Then a slight intussusception of the confines of the visual field carries them beyond the 
point of fixation, so that central vision is lost. Hence the rule is to do iridectomy as early 
as possible, while the field of vision is still large. 

In hydrophthalmus, iridectomy is associated with greater danger than in the glaucoma 
of adults, and that mainly because of the defective condition of the zonula. By reason of 
this, when, after the escape of the extremely abundant aqueous, the lens is driven forward, 
rupture of the zonula, and hence escape of vitreous through the wound may take place. 
Another source of danger consists in the fact that we are dealing with children, of whom 
quiet behavior after the operation is not to be expected. Less dangerous and yet success- 
ful has proved in my hands an iridectomy in which I make the incision very short, but 
eombine it with the exsection of a scleral flap by La Grange’s method (see § 861), so that 
the operation has the effect of a sclerectomy. Another operation that in hydrophthalmus 
is less dangerous than iridectomy is trephining by Hlliot’s method (§ 862). 

455. Other Operations.—Why does iridectomy diminish the intra-ocu- 
lar pressure? In an eye the tension of which is normal, the latter is not 
diminished by an iridectomy; for instance, if an iridectomy is made on 
account of an opacity of the cornea, the eye does not therefore become per- 
manently softer. It is only a pathologically heightened tension that iridec- 
tomy reduces. Of the many reasons that have been given for this action in 
reducing tension, one only will be here adduced, because it bas given rise to 
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a new operative procedure. This is based on the idea that by the incision 
in the sclera made by the iridectomy a scar is produced which allows fluid ° 
to filter through it, as the normal sclera does not do. This filtration cicatrix, 
itis thought, affords a substitute for the obliterated ligamentum pectinatum. 
From the view that iridectomy owes its efficacy to the section in the sclera, 
sclerotomy and sclerectomy, and other operations have faken their origin. 

2. Sclerotomy consists in making in the sclera an incision, which is 
placed as far as possible in the periphery of the anterior chamber, and in 
which no iris is excised (for the technique, see § 860). There is no doubt 
that sclerotomy, too, which for a time was very much practised, has per- 
manently cured many cases. For the most part, however, the cure has not 
been final, so that an iridectomy has had to be resorted to subsequently. 
At the present time, therefore, most operators perform sclerotomy only in 
those cases in which for technical reasons, iridectomy cannot be performed 
or in which in spite of an iridectomy the increase of tension has returned. 

3. Of more lasting effect is sclerectomy, which is done either in the way 
proposed by La Grange or by trephining ($§861, 862). The removal of a bit 
of the entire thickness of the sclera produces a fistulous cicatrix withmore cer- 
tainty than does a simple incision, whose margins in the course of time may 
become quite solidly re-adherent. The effect of sclerectomy in forming a 
fistula is shown in the cedema of the conjunctiva over the cicatrix (cystoid 
cicatrization—see page 396). Itmust be admitted, however, that such a 
cicatrix is much more liable to the danger of late infection than is a solid 
cicatrix. 

(Sclerectomy, more particularly in the form of Elliot’s trephining operation, has 
largely superseded iridectomy in cases of simple and also often in cases of chronic con- 
gestive glaucoma. Recently there has been a tendency to return to iridectomy even 
in these conditions—this partly because of the danger of late infection, referred to above, 
which, according to some, occurs in some 7 per cent of the cases. In acute congestive 


glaucoma the pre-eminent value of iridectomy has not so far been successfully 
contested.—D.] 


4. Many other operations have been devised for glaucoma, especially De 
Vincentiis’s operation (§ 863), cyclodialysis (§ 863), [and iridotasis (§ 859)]. 

5. Hnucleation is indicated when an eye which has been rendered per- 
feetly blind by glaucoma is continually painful, and an iridectomy is either 
impossible of performance on techincal grounds or has been already per- 
formed without success. In this case enucleation is done simply with the 
object of relieving the pain, and may, in suitable cases, be replaced by opti- 
co-ciliary neurotomy (see § 895). 

456. Time for Performing Operation.—It is best to operate as early as 
possible. In congestive glaucoma the operation should be done in the pro- 
dromal stage, in case the patient can make up his mind to it. If he wait 
until the inflammatory attack, we cannot tell how severe it is going to be, 


; 
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and, in any case, we operate then under less favorable conditions. Under all 
circumstances the operation is demanded in the prodromal stage when the 
other eye is already rendered blind by glaucoma ; In this case, too, the © 
patient will more readily comprehend the necessity of the operation. When 
an eye has already been rendered blind by glaucoma, the restoration of sight 
is no longer possible by an operation; but yet one is often performed to 
relieve the painfulness of the eye, or to prevent the development of glau- 
comatous degeneration. 

Tn glaucoma simplex it is not a question of interfering within a few days 
or weeks, as is often the.case in congestive glaucoma, but even here the oper- 
ation should not be long deferred; the earlier we operate, the better results - 
we obtain. 

457. Prognosis of Operation.—The success of an operation in respect 
to vision can be estimated approximately beforehand, if account is taken of 
what morbid changes can and what cannot be removed by the operation. 
Iridectomy and the other operations reduce the intra-ocular pressure to the 
normal amount. They remove the glaucomatous cloudiness of the cornea 
and the disturbance of vision produced by it, as well as the disturbance of 
vision caused by the compression of the retinal vessels. But the excavation 
and the atrophy of the optic-nerve fibers associated with it either do not 
abate at all or do so in but very slight degree, so that the disturbance of 
sight, as far as it is dependent upon them, persists. From these facts is 
deduced the effect of operation in the separate forms of glaucoma: 

(a) In congestive glaucoma the result of operation in recent acute cases 
is extremely favorable. The pain accompanying the glaucomatous attack 
ceases a few hours after the operation, the cornea in the next few hours or 
days becomes clear and sensitive once more, and the other inflammatory 
symptoms likewise speedily disappear. The sight, which during the attack 
was very much reduced through the cloudiness of the cornea and the com- 
pression of the retinal vessels, increases very considerably after the disap- 
pearance of these factors. If it was still normal before the attack, it 
becomes almost normal again after the operation. But if a long prodromal 
stage with the formation of an excavation has preceded the attack, both the 
acuity of direct vision and the visual field have already ceased to be normal 
some time before the attack, and will then be more imperfect still after the 
operation. We may accordingly put it down as a rule in acute congestive 
glaucoma that, provided we make an iridectomy soon after the outbreak of 
the inflammatory attack, a degree of sight is secured, which is somewhat, but 
not much, smaller than it was before the attack. The later the operation is done 
after the inflammatory attack, the less successful it is. In a few cases, to be 
sure, the result of the operation is to this extent not so favorable, that, in 
spite of the operation’s being ee performed, the increase of tension 
either keeps up or sets in anew. In these cases it is generally possible to 

33 
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attain our end by a second operation (iridectomy or sclerectomy). Finally, 
there are cases in which, in spite of all attempts at operative interference, 
complete blindness supervenes. These unfavorable cases, however, are 
rare in acute glaucoma; so that, as a rule, one may count upon a good result 
from the operation, and one, too, which is lasting. 

In chronic congestive glaucoma in determining the prognosis of oper- 
ation we must estimate how much of the disturbance of vision present is to 
be charged to the cloudiness of the media, and how much is due to the exca- 
vation and atrophy of the papilla of the optic nerve. The former portion 
is removed by operation, the latter not. 

(b) In glaucoma simplex the result of operation is less pronounced and 
also less permanent than in congestive glaucoma. The visual disturbance 
in the variety of glaucoma simplex, in which the media are clear, is caused 
solely by the changes in the papilla of the optic nerve. Since operation can- 
not remove these changes, it is impossible to restore by means of it the nor- 
mal acuity of vision. Operation can only do away with the increase in ten- 
sion, and thus put a stop to the advance of the process. If we are dealing 
with cases in which the increase of tension is minimal only, iridectomy is 
almost absolutely useless; and in the other cases, on the contrary, it gives 
greater promise of a permanent good result the more pronounced the 
increase in tension is. The rule is that the sight is maintained in statu quo 
by operation, or, at most, is slightly improved. In many cases a repetition 
of the operation is necessary in order to obtain even this result, or the fail- 
ure of sight goes on unchecked in spite of the operation. This may even 
take place when, in consequence of the iridectomy, the intra-ocular pressure 
has become permanently normal. We then assume that an atrophy of the 
optic-nerve fibers, when once initiated, keeps on progressing in spite of the 
reduction of the intra-ocular pressure [ef. remarks on cavernous atrophy, 
page 497]. Particularly unfavorable are those cases in which iridectomy act- 
ually exerts a bad effect upon the sight, the latter falling away very rapidly 
after the operation, so that blindness sets in earlier than it would have done 
without the iridectomy [see page 511]. Sometimes inflammatory symp- 
toms and-pain make their appearance just after the operation, when they 
were not present before. The eye feels hard directly after the operation, 
the anterior chamber fails to re-form, and the eye becomes blind rapidly 
and with symptoms of violent pain. These cases, which, to be sure, are 
rare, are known as glaucoma malignum. 

The prognosis of iridectomy in glaucoma, then, is as follows: In con- 
gestive glaucoma the operation acts favorably upon the inflammation and 
upon the eyesight, and its good results are permanent; it is hence uncondi- 
tionally indicated. In glaucoma simplex only the maintenance of the status 
quo is to be counted upon. In a certain number of cases the operation is 
unsuccessful or actually does harm. Nevertheless, as without an operation. 
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_ the eye will certainly grow blind, iridectomy is indicated in glaucoma sim- 
plex too—as soon as an increase of tension can be distinctly made out. We 
endeavor to perform the iridectomy as early as possible, for the more 
advanced the disease is, the more uncertain is the result of the operation. 


Favorable as is the action of iridectomy in congestive glaucoma, we ought not: 
to conceal the fact that in many cases which have remained for years apparently cured 
blindness nevertheless ultimately develops, either because a very slight increase of ten- 
sion insidiously sets in or without increase of tension and simply as a result of a gradu- 
ally advancing atrophy of the optic nerve, just as is the case in glaucoma simplex 
(see page 514). But as this outcome does not usually set in until after years have 
elapsed, and as furthermore glaucoma is a disease of advanced life, most of the patients 
do not survive to experience this melancholy sequel, so that in general the prognosis 
of iridectomy in congestive glaucoma may be regarded as favorable. 

Views differ in regard to the efficacy of iridectomy in glaucoma simplex. Von 
Graefe estimated the number of definite cures produced by the operation at rather 
more than half the cases; in one quarter of the cases relapses occurred, which were 
cured only by a second iridectomy, while in the rest of the cases blindness gradually 
set in in spite of the operation. Only in 2 per cent of all the cases did the operation 
have actually a bad effect. Since then reports in regard to the curative effects of iri- 
dectomy in glaucoma simplex have been published by different authors, as by Hirsch- 
berg, Sulzer, Nettleship, Charles Stedman Bull, Gruening, ete. Most of these statistics 
prove, in harmony with the statements of Von Graefe, that in about half the cases the 
operation has put a stop to the progress of the diseage. [The reports of various operators, 
collected by I. C. Wecker, showed results ranging from nearly universal failure to over 
70 per cent of successes. These differences are perhaps to be explained by supposing 
that the unsuccessful operators either habitually performed iridectomy too late or failed 
to make a sufficiently peripheral incision or failed to detach the root of the iris.—D.] 
Dr. Laska has collected my own observations upon this poimt, and from them the 
following results have been obtained: Out of thirty-nine cases, iridectomy had a favor- 
able result in nineteen—that is, in about one half—the sight either being kept 
stationary or actually improving; but in twenty cases the eyesight failed in spite 
of the operation, either from the subsequent reappearance of the elevation of tension, 
or even without this taking place. The value of these statistics, small as they are, 
lies in the fact that only cases that had been under observation a pretty long time were 
accepted in making them up. The mean period of observation amounted to five years 
in the nineteen cases that were cured; several of these had been followed up for more 
than ten years. 

[The above remarks on the prognosis of iridectomy and the time for operating 
apply in general to the other operations. Because of the uncertainty of action of irl- 
dectomy in simple glaucoma, many have resorted to sclerectomy (especially trephining) 
and cyclodialysis, believing that thus more permanent results would be secured. 
Whether this is soornot is still undecided and, indeed, cannot be determined until we have 
had longer time, in which to test the newer methods. Quite recently, in this country at 
least, the trend has been rather away from the latter and toward iridectomy again.—D.] 


(B) MEDICINAL TREATMENT 
458. The miotics, eserine and pilocarpine, are powerful agents in com- 
bating increase in tension. They act only when the iris Is capable of con- 
tracting satisfactorily; hence, in oli cases of glaucoma with a completely 
atrophic iris they are useless. Their action is accounted for upon the sup- 
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position that by the contraction of the pupil the iris is stretched in a radial 
direction, and so is drawn away from the wall of the eyeball to which it has 
been applied, so that the sinus of the chamber again becomes free. Unfor- 
tunately, the effect of miotics upon the ocular tension is not lasting, inas- 
much as it vanishes with the disappearance of the miosis. The miotics can- 
not, therefore, cure glaucoma permanently, and thus enable us to dispense 
with iridectomy; they are, however, valuable auxiliaries in the treatment of 
glaucoma. 

In the prodromal stage of glaucoma miotics are employed to cut short 
the prodromal attacks. If the patient instils a miotic at the commence- 
ment of the attack, the latter comes to an end in about half an hour. Thus’ 
we can for a long time prevent the prodromal attack from rising into an 
acute inflammatory attack. Nevertheless, we should not protract the pro- 
dromal stage in this way until excavation of the optic nerve with permanent 
impairment of sight sets in. As soon as this threatens, we must proceed to 
iridectomy. Treatment with miotics cannot escape the imputation that 
because of its momentary good effect it often causes the patient to put off 
operation too long. 

During the acute inflammatory attack, also, miotics reduce somewhat 
the elevated tension, and thus ameliorate the pain and contribute to the 
disappearance of the glaucomatous cloudiness of the cornea. In this way 
it becomes more feasible to put off the operation for a few days, if cir- 
cumstances require it. Moreover, the operation is rendered easier of 
performance, since the iris, very narrow before, becomes broader through 
the contraction of the pupil. [In acute glaucoma a 1- or 2-per-cent solution 
of pilocarpine or better a 4%4-per-cent solution of eserine should be used, 
and the instillations repeated until the desired contraction of the pupil is 
secured. Preliminary to operation, purging and the administration of 
bromides and morphine are also useful (IXoller).—D.] 

In glaucoma simplex the action of miotices is dubious, and the more so 
the less pronounced the increase of tension is. [There is accumulated evi- 
dence to show that by the continuous use of miotics the progress of chronic 
glaucoma and glaucoma simplex can be arrested—apparently for a number 
of years. Pilocarpine should be used in 4g - % -per-cent solution, two, 
three, or four times a day, the number of instillations and the strength of 
the solution being gauged by the effect on the tension and the pupil—the 
aim being to keep the latter continuously contracted. Owing to its unpleas- 
ant effect eserine is not much so used, although it is usefully combined in 
1g -14-per-cent solution with the pilocarpine, especially at night when its 
disagreeable action is less noticed. In addition, as Elliot points out, every 
means should be taken to prevent loss of vaso-motor control and to avoid 
the factors that make for the latter and the factors that may cause au- 
togenous intoxication (overwork, worry, nervous and bodily exhaustion, 
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improper diet, all depressing conditions, including concealed sources of 
infection in the teeth, tonsils, nasal sinuses, intestinal tract, etc.).—D.] 

The mydriaties are as prejudicial in glaucoma as the miotics are 
useful. 


[Ziegler in acute, especially fulminating glaucoma, has had good results from the 
hypodermic injection of hyoscine (0.6 mg.) followed by an injection of pilocarpine (8 to 10 
mg.). The former, he thinks, arrests a perverted lymph secretion, the latter stimulates 
a normal flow of lymph. After this combined treatment, eserine will sometimes act, 
when previously ineffective. 

The adherents of the hydrophilous theory (see page 508) advocate the use of sodium 
citrate in glaucoma, but this treatment has not answered expectations. Massage of the 
eyeball reduces its tension, although less readily so in eyes predisposed to glaucoma 
(Elliot); and this has been advocated as a means of treating glaucoma (Pyle).—D.] 


Il. SEconNDARY GLAUCOMA 


459. By secondary glaucoma we understand an increase of tension 
which appears in the course of other diseases of the eye, and as a conse- 
quence of them. Accordingly, the increase of tension here forms the com- 
plication of an already existing affection, although, all the same, it entails 
the results peculiar to itself, just as in the case of primary glaucoma. If it is 
associated with inflammatory symptoms, it produces in the cornea, the iris, 
etc., the changes belonging toinflammatory glaucoma. In other cases it man- 
ifests itself merely through the increase in tension perceptible to the touch, 
and also through the pressure excavation of the optic nerve with the disturb- 
ance of sight that is caused by it—namely, the contraction of the visual field 
and the diminution in central vision. Moreover, its termination in blind-- 
ness and in degeneration of the eyeball is the same as in primary glaucoma. 

460. Etiology.—The clinical picture of secondary glaucoma varies 
according to the disease which it accompanies. The affections of the eye 
leading to increase of tension are as follows: 

1. Ectasice of the cornea and the sclera. Of the former, it is above all 
those connected with incarceration of the iris—i. e., the staphylomata— 
that almost universally lead to secondary glaucoma. It is only the excep- 
tion that ectasie without incarceration of the iris, such as keratectasia ex 
ulcere or keratectasia after pannus or after keratitis parenchymatosa, give 
rise to increase of tension. Of scleral staphylomata, those which occur after 
rupture of the sclera may entail increase of tension, and so also may the 
ectasiz that develop after scleritis. Most ectasie of the sclera, however, 
are the result, not the cause, of the increase in tension. ; 

2. Incarceration of the iris in a cicatrix of the cornea or sclera, and also 
the partial apposition of the iris against the posterior surf ace of the cornea 
may lead to increase of tension even without any ectasia being present. : 

3. Irido-cyclitis, especially in those cases in which, except the deposits 
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on the cornea, no exudates worth mentioning are found. The increase of 
tension in these cases is often only transitory. 

4. Seclusio pupille, whether originating in adhesion of the entire pupil- 
lary margin to the capsule of the lens or in the inclusion of the former in a 
cicatrix of the cornea. Seclusio pupille leads to the accumulation of aque- 
ous in the posterior chamber and to consequent protrusion of the iris, which 
is accompanied by increase of tension. 

5. The lens becomes a cause of secondary glaucoma in two ways—by 
being luxated and by being swollen. All forms of luxation are of significance 
in this regard; but the most dangerous cases are those in which the lens is 
wedged into the pupil or lies wholly in the anterior chamber. Sudden swell- 
ing of the lens after injury or operation may likewise cause increase of ten- 
sion, especially in the case of elderly people, whose sclerz are rigid. Increase 
of tension also occurs at times after cataract extraction and discission of 
secondary cataract. ; 

6. Intra-ocular tumors, such as sarcomata and gliomata, in a certain 
stage of their development excite the symptoms of secondary glaucoma. 

7. Hemorrhages into the retina are the expression of changes in the ves- 
sels or disturbances of circulation, which sometimes lead toelevation of ten- 
‘sion. This is most frequently the case in old people with arteriosclerosis; 
the elevation here usually makes its appearance under the form of inflam- 
matory glaucoma—glaucoma hemorrhagicum. 

8. Chorioidits and myopia of a high degree often give rise to an increase 
of tension under the form of glaucoma simplex. 

[Glaucoma due to autogenous toxemia, which probably sets up a low-grade inflam- 


mation blocking up the channels of outflow (page 510), if not to be classed under second- 
ary glaucoma, is at least akin to it (Hlliot).—D.] 


461. Factors Causing the Increased Tension.—These vary greatly 
according to the varying nature of the cases themselves, and very often we 
do not at all know how to account for the development of the increase of 
tension. [In some cases secondary glaucoma is due to perverted secretion— 
i. e., to alterations in the character and quality of the liquid poured into the 
eye. This is particularly the case in the form accompanying irido-cyclitis 
(Elliot).—D.] Other varieties of secondary glaucoma are due to anatomt- 
cal changes. These are: 

1. Obliteration of the sinus of the chamber due to the fact that the iris has been 
drawn forward and brought into contact with the cornea. This is probably the usual 
cause of increase of tension in the ease of anterior synechis, by which the iris is drawn 
forward and brought close to the cornea, and the more so the more peripheral the site 
of the incarceration of the iris. The narrowing or the blocking of the sinus of the cham- 
ber in these cases does not extend all the way around as in genuine glaucoma, but is ° 
confined to the sector which corresponds to the anterior synechia (Fig. 119). Whether 
in this case increase of tension sets in or not depends upon whether the portion of the 
sinus that is still free is adequate for the excretion for the liquids of the eye. After 
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an iridectomy the stump of iris which remains at the site of the coloboma may push 
itself into the wound, become united there, and to a corresponding extent block the 
sinus. After an extraction of the lens made with the iridectomy the incarceration of a 
tag of capsule may have the same result, the capsule jamming the iris stump against 
the corneo-sclera. ‘ 

2. Pushing of the iris against the cornea by a greatly swollen or dislocated lens or 
by a tumor of the ciliary body. 

3. Agglutination of the iris to the posterior surface of the cornea after the two 
have been for a long time kept in contact because of a corneal fistula. 

4. Attachment of the periphery of the iris to the cornsu-scleral junction because 
of inflammatory adhesion, as occurs in many cases, and especially in the chronic cases, 
of irido-cyclitis. 

5. Blocking of the sinus of the chamber due to infiltration of the ligamentum pec- 
tinatum, to cysts of the iris, and to tumors of the iris. 

6. Blocking of the sinus of the chamber by tissue which has remained there since 
fetal life. This is the case in aniridia, in which the iris is never completely absent, but 
is simply reduced to a short stump, in the angle between which and the corneo-sclera, 
the tissue above mentioned is situated. In hydrophthalmus the increase of tension 
probably depends on a condensation of the tissue of the ligamentum pectinatum, which 
originates in fetal life and is frequently associated with absence of the canal of Schlemm. 

7. Impermeability of the ligamentum pectinatum due to blocking of its cpen 
spaces by blood, leucocytes, or precipitates from the aqueous. It is changes of this 
sort that probably cause the increase of tension in recent cyclitis, or when many lens 
fragments are present in the aqueous. It is also possible that in cases of this sort the 
filtration of the aqueous may be hindered by the greater proportion of albumin that 
the latter contains, even without there being any obstruction in the spaces of the liga- 
mentum pectinatum. 

8. Impermeability of the ligamentum pectinatum due to the formation cf an epi- 
thelial lining (anterior-chamber cysts—page 445), e. g., after cataract operation. ; 

9. Abolition of the communication between the posterior and anterior chambers 
in the case of an adhesion of the entire margin of the pupil to the lens or to the cornea 
(seclusio pupillz). In luxation of the lens into the anterior chamber, a cut-off action 
of this sort may result because the iris is jammed against the posterior surface of the 
lens by the aqueous which has been secreted by the ciliary processes, so that the lens 
acts like a ball valve (Fig. 240). 

10. Elevation of the pressure in the vitreous cavity produced by venous stasis in 
thrombosis of the retinal veins (glaucoma haemorrhagicum) and in blocking of the 
veng vorticosee (by tumors, by endophlebitis, and also in experimental ligation of the 
venz vorticosz). 

11. Elevation of the pressure in the vitreous cavity due to increase in the volume 
of the vitreous; occurring suddenly in haemorrhage or exudation (panophthalmitis), 
and gradually in tumors. . 

12. Elevation of the pressure in the vitreous cavity due to protrusion of the retina 
or chorioid into it as the result of haemorrhage, exudation, or the formation of new 


growths in these membranes. 


462. Treatment.—The treatment of secondary glaucoma must above 
all endeavor to remove the cause underlying the elevation of tension. For 
instance, in seclusio pupill« the communication between the two chambers 
should be restored by means of an iridectomy, a dislocated or swollen lens 
should be removed, if possible, and so on. For the symptomatic treatment 
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of the increase of tension itself, miotics, dionin, free diaphoresis, or quinine 
internally may be considered according to the exigencies of the case. Of 
operations those at our command are paracentesis of the cornea and iridec- 
tomy. The former diminishes the pressure by letting out the aqueous, but 
. does so only temporarily, so that it is suited simply to those cases in which 
the increase in tension is foreseen to be of short duration—e. g., in swelling 
of the lens and in irido-cyclitis. The paracentesis may be repeated several 
times, according to the demands of the case. A lasting elevation of tension 
can be combated only by iridectomy or sclerectomy. Glaucoma hemor- 
rhagicum gives the most unfavorable prognosis. Here we cannot count 
with certainty upon the effect of iridectomy, since sometimes it is immedi- 
ately succeeded by blindness coming on rapidly and with great pam. Eyes 
which contain a new growth, or which are both blind and painful, require 
enucleation. 


HypotTony 


463. Diminished Intra-Ocular Pressure (Hypotony).—This is found 
in very diverse affections of the eyeball. It is always a sign that the con- 
tents of the eyeball have diminished in volume. 


Hence a high degree of diminution of tension is observed when, after the perfora- 
tion of the eyeball, either the aqueous has flowed away or the lens or vitreous has escaped. 
This may be the result of an injury or of the spontaneous perforation of an ulcer. If 
the perforation in healing leaves a fistula or a eystoid cicatrix, through which aqueous 
continually escapes, the softness of the eye may persist for a long time (even many 
years). After the use of a bandage which has been too tightly applied, we find the eye 
softer for a short time, because, under the increased pressure due to the bandage, an 
increase in the outflow of fluids from the eye has taken place. So, too, the eye becomes 
very soft when the volume of the vitreous is diminished by shrinking of exudates—and 
hence, in those cases in which an atrophy-of the eyeball is developing after irido- 
cyclitis. Hence progressive softening of the eyeball in the course of an irido-cyclitis is 
an ominous symptom. Slight degrees of decrease of tension accompany many cases 
of inflammation of the cornea, both suppurative and non-suppurative, and also occur 
not infrequently after slight injuries (erosions) of the cornea, especially if these were 
associated with a contusion. Of the affections of the deep parts, detachment of the 
retina is particularly associated with diminution of tension. Finally, slight degrees of 
the latter are found in paralysis of the sympathetic, and also after the instillation of 
cocaine, pilocarpine, and eserine (page 19). 

Cases occur which are known as ophthalmomalacia, or essential phthisis, in which 
diminution of tension appears spontaneously, without known cause. The eye suddenly 
becomes very soft, smaller, and injected, and not infrequently marked photophobia 
and neuralgic pain are associated with the condition. This state of things may last 
for hours or days, when it gives place to the normal condition. In many instances such 
attacks recur at intervals (intermitting ophthalmomalacia). The cause of this rare 
disease in many cases remains unknown; in other cases there has been an injury pre- 
ceding it. The prognosis is good, as the ophthalmomalacia usually leaves no lasting 
ill results behind. 
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CHAPTER VIII 
DISEASES OF THE LENS 
ANATOMY 


464. Tue lens (crystalline body, lens erystallina) lies between the iris 
and vitreous, and, together with the zonula, divides the eye into a smaller 
anterior and a larger posterior section—the cavity of the aqueous and the 
cavity of the vitreous. It is a transparent and colorless structure of len- 
ticular shape, the anterior surface of which is less, the posterior surface more 
curved. In the lens we distinguish an anterior and a posterior pole, and the 
rounded edge, or equator, where the anterior and posterior surfaces of the 
lens meet. The sagittal diameter (thickness of the lens) amounts in the 
adult man to 5 mm., the equatorial diameter to 9 mm. 

The lens lies eathirt the. circle formed by the ciliary processes, but in 
such a way that its equator is distant about 0.5 mm. from the apices of the 
processes. The interspace between the ciliary body and the equator of the 
lens is called the cireumlental space. The posterior surface of the lens is 
embedded in the fossa patellaris of the vitreous. The lens is kept in posi- 
tion by the suspensory ligament, or zonula ciliaris.! 

If after rupturing the zonula we take the lens out of the eye, we find it, 
in the first place, inclosed in a transparent capsule—the capsule of the lens. 
If after removing the capsule we try to crush the lens of an elderly man 
between the fingers, the softer peripheral masses separate, while the harder 
central portion remains uncrushed between the fingers. The former form 
the cortex, the latter the nucleus of the lens (see Fig. 172, rand k). These 
are distinguished not only by their consistence but also by their color. The 
cortex is colorless, while the nucleus has a yellowish or brownish hue. The 
nuclear layers owe their greater consistency and also their coloration to a 
process which is known as sclerosis, and which consists mainly in a loss of 
water. The sclerosis begins even in childhood, but advances so slowly that . 
it is not until the age of twenty-five that a distinct, although still small, 
nucleus is present. “Since sclerosis of the lens fibers is a change due to 
advancing age, it affects first the oldest fibers—i. e., those that lie in the 
center of the lens. By a continuous progress of the sclerosis from the center 
to the periphery of the lens, the nucleus steadily mereases in size as the 
years go on, and the cortex diminishes in like proportion, so that at length, 
at a very advanced age, almost the entire lens is converted into nucleus, or 
is sclerosed. There are many individual differences in this regard, so that 
persons of the same age have lenticular nuclei of different size. The size of 
the nucleus is of practical importance in the operation for cataract. 


Zonula Zinnii, ligamentum suspensorium lentis. 


1 Synonyms: 
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The sclerosed portion of the lens is hard and rigid, incapable of chang- 
ing its shape. Hence, the further advanced the sclerosis of the lens is, the 
less able is the latter to make that alternating change in its shape which 
is requisite for the act of accommodation. For this reason the accommoda- 
tive power diminishes with advancing age (presbyopia; see § 762). 

The nucleus reflects more light than the non-sclerosed part of the lens. 
Hence, the pupil in elderly people, whose lens has a large nucleus, is no 
longer of such a pure black as in youth. It gives a gray or grayish-green 
reflex (the senile reflex), which by the inexperienced is easily confounded 
with beginning cataract 


Fia. 220. Fre. 221. 


Fra. 220.—CapsuLaAR EpitHeLIuM OF THE Cortex. (After Rabl.) The epithelium which was 
left attached to the capsule when the latter was stripped off is seen in surfate view. The area repre- 
sented lies directly in front of the nuclear zone of the lens. In front of the latter the epithelial cells, 
which further forward are disposed irregularly (u),’/become arranged in regular meridional rows, m. 

Fig. 221.—Equartortau Section THroucH A Human Lens. (After Rabl.)  e, epithelial cells of 
the anterior capsule; 7, cross section of the lens fibers which are arranged so as to form radiating 
lamelle. In one of these fibers an oblong nucleus is visible. 

_ 465. Histology of the Lens.—The external envelope of the lens is 
formed of the lens capsule. This is a homogeneous membrane (Fig. 222, 1), 
which is thicker upon the anterior than it is upon the posterior surface of 
the lens. The anterior capsule of the lens is further distinguished by having 
a single layer of cubical epithelial cells, the epithelium of the lens (e, Fig. 
222). This plays an important part in the growth of the lens, as the fibers 
of the latter originate from the cells of the capsular epithelium. If we follow 
the epithelium of the anterior capsule toward the equator, we see that at 
this point the epithelial cells, which were irregularly disposed before now get 
to be arranged in meridional rows (Fig. 220, m). Then these epithelial cells 
become taller and taller, until finally they are converted into long fibers, the 
fibers of the lens (Fig. 222, f). Since the latter have originated from merid- 
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ional rows of epithelial cells, they are arranged in radiating lamelle [Fig. 
224], which explains why opacities of the lens so often occur under the form 
of radial strie. As the cells become elongated their nuclei recede from the 
capsule into the interior of the lens, so that a zone is found along the equa- 
tor, in which there are numerous nuclei lying in the lens substance itself. 


Fic. 222.—Nuciear ZONE OF THE Lens. (After Babuchin.) 


Z, lens capsule. The epithelial cells, e, by a process of gradual elongation, grow out into the lens fibers, 
f, with the nuclei, k. 


This nuclear zone, as it is called (k, Fig. 222; cf. also Fig. 142, k), represents 
that district of the lens in which the growth of the latter takes place. This 
growth occurs by a process of apposition, new epithelial cells constantly 
growing out into lens fibers, which are placed outside of and next to the 
older lens fibers. In this way the lens acquires 
a concentrically laminated as well as a radial 
structure. The fibers lying in the center of the 
lens are thus the oldest, and the most exterior 
fibers are the youngest. The reason for nuclei 
not being present outside of the nuclear zone in 
the interior of the lens is that the nuclei dis- 
appear from the older lens fibers. Fia. 223.—STren.ate FicurRE or 


THE PosvERIOR SURFACE OF THE 


> se sist rs havin the form Lens. DRAWN FROM A LENS 
The lens consist of fibers g AS been mate cal 


of long, prismatic, six-sided cords. They are Magnified 2x 1, 
4 , held t From the posterior pole of the 
closely applied to each other, and are held t0- jens start three primary ray’, one 
: sain Of which is directed straight down- 
gether by a cement substance. The fibers be IN ward, ee pa oe ars and 
F; a ae 5 apog Upward and outward and upward. 
and end upon the anterior and posterior BULISCES Theae divaminie (hale Granchen ee 
near their origin, in this case, that 


of the lens, along lines which radiate from the the"y'Shaped figure is here not 
anterior and posterior poles (Figs. 223 and 224). ip pose ae, | 

Here they form a Y-shaped figure—the stellate figure of the lens—which 
can be recognized even in the living eye In adults by means of lateral 
illumination. The three rays of the stellate figure branch, and thus divide 
the lens into a number of sectors [see Fig. 224] whose apices meet in the 
region of the anterior and posterior poles of the lens. In. pathological 
acities of the lens—the sectors often stand out very 


cases—i. €., IN op peu ) a eh 
distinctly. The fibers of the nucieus are distinguished from those 0 t 1e 
cortex by being slenderer and having edges that, owing to the shrinking 
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of the fibers, are finely crenated; there is, however, no sharp line of dis- 
tinction between the nucleus and cortex. 

466. Development.—The structure of the lens is easy to understand, 
when we know its development. The lens springs from the ectoderm, which 
becomes invaginated so as to form a vesicle (L, Fig. 161). Since the coat- 
ing of cells upon the posterior wall of the vesicle grows out and is used up 
in the formation of lens fibers (Fig. 162), no such coating is found in this 
situation later on; hence, the posterior capsule of the lens has no epithelium. 
By this outgrowth of cells and their transformation into long fibers the ves- 
icle is filled up so as to form a solid sphere. In this sphere each of the newly 
formed fibers extends from the anterior to the posterior lens capsule (Fig. 
162). Similarly in the adult lens each individual fiber stretches from a ray 
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(Fre. 224.—Lrns-Srar. (After Babuchin.) From Norris and Oliver. 


A, central portion of anterior lens-star; B, central portion of posterior lens-star. In both figures are 
seen the lens fibers terminating in the lines of junction of the sectors.—D.] 


of the posterior to a ray of the anterior lens-star. The subsequent growth 
of the lens by apposition continues, as in the case of other epithelial struc- 
tures, during the entire life. But while in the other epithelial structures 
(e. g., the epidermis, hair, and nails) the exfoliation of the oldest cells serves 
to maintain a state of equilibrium, no such exfoliation is possible in the lens, 
which is completely shut in; and in this case compensation takes place by 
a diminution in volume of the oldest fibers through a process of shrinking 
(formation of the lens nucleus). This diminution in volume, however, does 
not fully offset the appositional growth, so that the lens keeps on enlarging 
even in advanced life. In the sixty-fifth year of life it has about one-third 
more volume than in the twenty-fifth (Priestley Smith). 

467. Zonula Ciliaris——The zonula ciliaris consists of delicate, homo- 
geneous fibers, which take their origin from the inner surface of the ciliary 
. dy, beginning at the ora serrata. The fibers at first keep in contact with 
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the surface of the ciliary body (2, Fig. 142), but leave it at the apices of the 
ciliary processes, and, becoming free, pass over to the edge of the lens (free 
portion of the zonula; 2, Fig. 142). As they do this, they diverge so that 
some go toward the very equator of the lens, others in front of the equator 
and behind it, to reach the lens capsule, with which they become fused. 
The space, triangular on cross section, included between the fibers of the 
zonula and the equator of the lens, is called the canal of Petit (¢ 7, Fig. 142). 
It is connected with the posterior chamber by means of slit-like gaps 
between the separate fibers of the zonula. 

468. Function of Lens.—The optical function of the lens consists in 
its bringing the rays that! have been already made convergent by the cornea 
still closer together, so that they unite upon the retina. For this purpose 
the refractive power of the lens has to be less or greater, according as the 
rays are parallel or divergent when they fall upon the eye. This alteration 
in the refractive power (accommodation) is produced by a change of shape 
of the lens (see § 758). 

In regard to the metabolism of the lens, see page 11. 


I. OPACITIES OF THE LENS 
A. General Considerations 


469. Nature and Site of Cataract.—Opacities of the lens, called cata- 
ract,? may be situated in the lens itself or in the capsule. Accordingly, we 
distinguish between lenticular and capsular cararacts; by the combination 
of the two is produced capsulo-lenticular cataract. 


Historical —Cataract was already well known to the ancient Greek and Roman 
physicians. On account of the gray appearance of the pupil, they denoted it by the 
name of glaucoma, which word in the course of time has changed its meaning. The 
ancients also knew the operation for cataract, which they performed by depressing 
the opaque lens into the vitreous by means of a needle (depressio cataracter). Never- 
theless, they had an erroneous conception of the nature of the disease, in that they 
located the opacity not in but in front of the lens. This error originated from the views 
that they held with regard to the function of the lens. This body, bright as crystal, 
the most obvious thing when the eyeball is opened, was considered by the ancients 
to be the true seat of vision, the percipient organ, such as now we know the retina to 
be. According to this view, the loss of the lens would necessarily entail complete bhnd- 
ness; but since the ancients knew that in the operation for cataract the opacity is re- 
moved from the pupil, and nevertheless the sight is not lost, but, on the contrary, 
is restored, they could not consistently regard the opacity as located in the lens. They 
thought the opacity which they depressed into the vitreous was situated in front of the 
lens. They believed that it originated from the pouring out of ‘an opaque liquid between 
the iris and lens, and hence they called cataract hypochyma (76, beneath, and FEO, 
I pour) or suffusio, suffusion. Since it was imagined that the opaque liquid fell down 
from above in front of the lens, the name cataracta (cataract), whieh oa usually 
employed, came into use in the middle ages. The German worc Ses is likewise 
very old. The expression staraplint (Staarblind) occurs as early as the eighth century. 


2 Waterfall, from «<tapoyyvumt, I pour down. 
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It means really eyes which are starr (rigid)—i. e., fail to follow objects because they 
do not see them. Cataract is known as “grauer Staar,” on account of the gray colorof 
the pupil, to distinguish it from “‘schwarzer Staar’’—i. e., those varieties of blindness 
in which the pupil remains black (blindness due to disease of the fundus of the eye). 
“Grimer Staar” is glaucoma. 

Our knowledge as to the true nature of cataract dates from the beginning of the 
last century. Even before this, one or two savants. lke Mariotte and Boerhaave. 
recognized the real situation of the opacity, without their doctrine’s, however,obtaining 
general acceptance. In the year 1705, Brisseau, a French surgeon, had the opportunity 
of performing an autopsy upon the body of a soldier who had a mature cataract 
in his eye. Brisseau performed depression of the cataract upon the cadaver and then 
opened the eye, when he found that the opacity which he had depressed into the vitreous 
was the lens. He laid his observations, together with the conclusions drawn from them, 
before the French Academy, but obtained no credence. The Academy confuted him 
by holding up the doctrines of Galen in regard to cataract. It was not till three years 
later, when new proofs had been brought, that the Academy recognized the new doctrine, 
which soon found general acceptance. 


470. Objective Signs.—The objective symptoms of lenticular opacity 
vary according to its extent and its intensity—partial opacities often requir- 
ing for their recognition lateral illumination or the use of the ophthalmo- 
scope. and, if the opacities lie far in the periphery, artificial dilatation of the 
pupil as well. By reflected light (with focal illumination) the lenticular 
opacities present themselves under the form of gray or white spots or strie. 
These often exhibit shapes which have a connection with the structure of 
the lens—e. g.. the shape of sectors or radii. By lateral illumination it can 
be determined at what depth the opacities are situated in the lens. Opaci- 
ties of the anterior capsule are distinguished by their brilliant white hue, 
sharp outline. and very superficial situation; sometimes they form a distinct 
prominence upon the anterior surface of the lens. When seen with the oph- 
thalmoscope—that is, by transmitted light—the lenticular opacities do not 
appear white, but dark, like black dots or striz, which stand out in con- 
trast with the red hue of the pupil (see page 92). Commencing, slight opac- 
ities of the lens can be recognized only by means of the ophthalmoscope 
Far advanced opacity of the lens can be recognized at a glance with the 
naked eye by the change of color of the pupil, which is white or a gray of 
varying degrees of brightness. 

In former times when focal illumination and the ophthalmoscope were unknown, 
one, in making a diagnosis of commencing cataract, had to depend mainly upon the sub- 
jective symptoms, especially myodesopsia (the seeing of muse volitantes), which was 
therefore much more exactly studied and worked up than at present. At that time it 
was quite possible for pupillary membranes, which made the pupil appear gray or 
white, to be regarded as opacity of the lens. and they were therefore called cataracta 
spuria. We shall not fall into this mistake if we observe the connection which a pupillary 
membrane almost always has with the margin of the pupil, and which is particularly 
marked when we call in the aid of atropine. But, even with all our present auxiliaries, 


it is often impossible to say whether the lens behind a dense pupillary membrane is 
transparent or opaque. 
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471. Subjective Symptoms.—The subjective symptoms of opacity of 
the lens consist in a disturbance of vision, the degree of which depends upon 
the situation and the nature of the opacity. Patches of cloudiness that are 
small, sharply circumscribed, and at the same time as opaque as possible— 
as, for example, anterior polar cataract—cause little or no impairment of the 
sight. Larger opacities disturb the sight to a considerable degree, and, 
moreover, alarm the patient by the production of peculiar phenomena, such 
as muscz volitantes and polyopia. The seeing of musce volitantes (mouches 
volantes) consists in the patient’s noticing black specks in the field of vision, 
which, however, if caused by opacities of the lens, change their place only 
with the movements of the eye, and hence (in contradistinction to opacities 
of the vitreous) always occupy the same spot in the field of vision. They 
become objects of cognition by casting a shadow upon the retina, which is 
perceived by the latter. Multiple vision (polyopia monocularis) causes the 
patient to see the same object double and multiple. It may sometimes have 
a very disturbing effect, as a case related by Becker shows. A lamplighter 
in the castle of a prince, when he lighted the candelabra and chandeliers in 
the salons the evening before a soirée saw thousands of lights, which con- 
fused and frightened him to such a degree that he got the idea that he was 
dealing with a ghost. The reason for the polyopia is found in the optical 
irregularities which develop in the lens as it grows opaque (irregular lenticu- 
lar astigmatism). so that the lens throws upon the retina not one but several 
images of the same object. These phenomena often bring the patient to a 
physician at a time when as yet no considerable diminution of the sight 
exists. 

The diminution in wsual acuity depends, with regard to its degree, upon 
various circumstances. It is greater when the opacity is diffuse, less when 
it is sharply circumscribed, so that quite clear interspaces are found between 
very opaque spots. This case is the same as with a Wwindow-pane, through 
which nothing can be distinguished when it is uniformly covered with watery 
vapor; although, if a wire screen is placed in front of the otherwise clear 
pane, we can still see pretty well through it. The interference with vision 
is also greater when the opacity is situated in the central portions of the lens 
than when it occupies the periphery. In the latter case, in fact, the sight 

‘may be perfectly normal; this being particularly the case as long as the opac- 
ities continue to lie completely behind the iris. Upon the situation of the 
opacities furthermore depends the sort of illumination that will be required 
in order for the patient to see the best. With a central opacity the sight is 
better when the pupil is dilated, because the still transparent, peripheral 
portions of the lens are then used for seeing. Persons thus affected, there- 
fore, see better when the illumination is reduced, as in the evening twilight ; 
they have nyctalopia. In bright daylight they complain of being dazzled, 
and shade their eyes with the hand. In such a case the vision can also be 
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improved by the artificial dilatation of the pupil by means of atropine. The 
reverse occurs when the opacities occupy the periphery of the lens. Then 
vision is better when the pupil is contracted, so that the opacities are cov- 
ered by the iris. Such patients try to get a bright light, and see better by 
day than by night—hemeralopia. 

Later on, as the opacity increases, the sight becomes more and more 
reduced, the muscz volitantes and the polyopia disappear, and the patient 
grows blind. But even when he has lost the ability to distinguish objects 
(qualitative vision), he has still always left him the perception of light—the 
distinction between light and darkness, or quantitative vision. The exam- 
ination of the perception of light (see § 754) is of great importance with 
regard to the prognosis of a complete opacity of the lens. If the perception 
of light is deficient or entirely wanting, this proves the existence of a com- 
plication on the part of the retina or the optic nerve, in which case an oper- 
ation for cataract would have little or no result. 


Myopia often develops in the beginning of senile cataract. In this case we are 
dealing with elderly people, who formerly saw well at a distance and used convex glasses 
for reading; and who then began to notice that they could read fine print again without 
glasses, and are perhaps very much pleased at this so-called “second sight.’’ That, 
as an off-set to this, they do not see as well at a distance as formerly. often escapes 
their notice. Examination of the eye with glasses shows, that it has become myopic, 
so that the near point has got back again to the reading distance. [his myopia is 
ascribable to an increase in the density of the lens that takes place while the cataract is 
beginning to form, an increase by which the refractive power of the lens is heightened. 

An opacity of the same character causes more disturbance of vision when it is 
situated at the posterior than at the anterior pole of the lens; for the nodal point of 
the eye—i. e., the point through which all rays must pass that enter the eye without 
undergoing refraction (principal rays)—lies close to the posterior pole of the lens (cf. 
§ 752, Fig. 362). 


472. Morbid Anatomy.—The anatomical changes forming the basis of 
lenticular opavity have been chiefly studied in senile cataract. Becker is 
the one who by his profound researches has done the most to advance our 
knowledge of the development of cataract. The changes affect the capsular 
epithelium and the lens fibers. 


In the capsular epithelium we find destruction of the epithelium cells here and there, 
and side by side with this, what may be looked upon as a regenerative process, namely, 
a growth of epithelial cells. This latter process, however, takes place irregularly, so 
that close by the gaps in the epithelial layer spots are present in which several rows of 
cells lie on top of each other (Fig. 225, e:). Moreover, the epithelium often grows back- 
ward past the equator, so that the posterior capsule, too, gets to have an irregular 
epithelial coating on its anterior surface. 

The opacity in the lens itself begins sometimes directly beneath the capsule, some- 
times deeper in, at the border line between the nucleus and cortex. Here by separa- 
tion of the lens fibers there are formed clefts filled with liquid. [These clefts have been 
attributed to irregular shrinking. As the lens hardens, the soft cortex normally adapts 
itself to the changing size of the hard nucleus. Ina lens that is becoming cataractous it is 
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supposed that shrinking occurs too fast or too irregularly for this adaptation to take place, 
in which case the lens fibers separate and clefts are formed.—D,] The lens fibers them- 
selves, which bound the clefts, are at first still normal and hence transparent. The fluid 
which collects between them may at first be transparent, too, and nevertheless the spots 
look cloudy, because the fluid in the clefts has a different refractivity from that of the 
lens substance itself. So, too, a white opaque foam is produced when we mix transparent 
air with equally transparent water by agitation. Afterward the lens fibers themselves 
become cloudy. They look at first as if sprinkled with fine dust, owing to the accumu- 
lation in their interior of a fatty substance in extremely minute drops. At the same 
tume that the lens fibers get cloudy, their caliber becomes uneven, because they swell 
up in spots (q, Fig. 225). In this way bodies that are large, vesicular, and frequently 
nucleated (vesicular cells; b, Fig, 225) are produced. Finally, the lens fibers break 
down completely, so that from the lens tissue is formed a pultaceous mass consisting 
of drops of fat, the so-called spheres of Morgagni (a coagulation product, Fig, 225, M) 


Fie. 225.—CaTaracta CApsvULO-LENTICULARIS. Enlarged 170 x 1. 


ea a om oye nay eres eet ere re 
epithelium. The fissures originating through the separation of the lens fibersare filled with a granular 
mass (coagulated fluid), s, which in places forms the spheres of Morgagni, M, The lens fibers them- 
selves are swollen up (qg), or transformed into vesicular cells (b), or entirely disintegrated (z). 
remains of lens fibers, and an albuminous liquor (Fig. 225, 2). : As the lens fibers break 
down, the connection between them and the capsule, which is a very intimate one in 
the normal lens, is loosened, and a liquid (the liquor Morgagni) collects in open spaces 
between the lens and capsule (at v in Fig. 225, appearing under the form of separate 
vacuoles, but at r, Fig. 172, accumulated in greater amount and separating the capsule 
from the cortex). By this process the removal of the lens from the capsule, as has to be 
done in a cataract operation, is facilitated. ; 

The nucleus of the lens is transformed by the sclerosis of the lens fibers into such a 
resistant mass that generally it remains unchanged in the midst of the disintegrating 
cortex (k, Fig. 172). Hence the nucleus of a cataractous lens is usually not essentially 
different from the nucleus of a healthy lens of the same period of life (Becker). But, if 
there is no hard nucleus present yet, the disintegration of the Jens is complete (Fig, 1738). 

The subsequent changes in the opaque and disintegrated lens consist in the first 
place in a gradual resorption of the pultacesus lens masses. In this way lenticular 
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opacities may clear up again; not, to be sure, in the proper sense of the word, by the 
opaque lens fibers’ becoming once more transparent, but by the disappearance of the 
opaque parts. The sclerosed nucleus resists resorption as it does disintegration. Cho- 
lesterin is not infrequently excreted in the cortex in tabular crystals, which are sometimes 
large enough to be visible to the naked eye as glistening points. Lime salts may be 
deposited in the pultaceous lens masses. 

Capsular opacily is not situated in the capsule itself, which never becomes opaque, 
but is deposited upon the capsule. Opacities of the anterior capsule are caused by an 
opaque tissue which is found on the inner surface of the capsule, between it and the 
lens (Fig. 226). This tissue takes its origin froma proliferation of the capsular epithe- 
lium. The cells of this latter increase in number so that a multiple layer of them is 
formed (Fig. 225, ¢:). From this layer there is formed by the growth of the epithelial 
cells into elongated fibers a sort of fibrous tissue which looks like connective tissue, but 
still is not true connective tissue, since it has originated from epithelium. By the inter- 
position of this tissue between the capsule and the lens a distinct elevation is formed 
upon the anterior surface of the lens. 

The opacities of the posterior capsule lie, as a rule, upon its posterior surface. 

Inflammation of the lens—phakitis*—does not exist. Inflammatory elements, 
such as round cells, occurring in the lens, do not originate in it, but enter the lens from 
the outside through an opening in the capsule. 


B. Clinical Forms of Cataract 


473. Every opacity begins at first at some special spot in the lens (par- 
tial cataract). It may remain permanently limited to this spot (partial 
stationary cataract), or it may gradually spread over the whole lens and 
lead to total cataract (progressive cataract). 

(A) PARTIAL STATIONARY CATARACT 

474. (1) Cataracta Polaris Anterior.—A small white dot is seen at the 
anterior pole of the lens. Anatomical examination has proved that it repre- 
sents an opaque tissue lying beneath the anterior capsule and between it and 
the lens—that is, that we are dealing with a capsular cataract (Fig. 226). 
Hence this form of opacity is also called anterior central capsular cataract. 

Anterior polar cataract may be either congenital or acquired. Congen- 
ital anterior polar cataract is bilateral, and consists of a minute faint dot 
upon the anterior pole of the lens. It is caused by some interference with 
the development of the lens, the precise nature of which has not been deter- 
mined. The acquired form originates from a central uleer of the cornea. 
When such an ulcerperforates and the aqueous escapes, the lens pushes for- 
ward so that its umbo comes into direct contact with the suppurating cor- 
nea. From the latter toxic substances diffuse through the capsule of the 
lens and destroy its epithelium. Afterward a reactive proliferation of the 
adjoining epithelium, which has been preserved, takes place together with 
the formation of a new tissue beneath the capsule, this tissue appearing 
under the form of a white spot. 

The apposition of the lens to a perforation in the cornea leads to ante- 


3 From bares, lentil. 
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rior polar cataract only in the case of small children, never in adults. The: 
most frequent cause of perforation of the cornea in early childhood is oph- 
thalmia neonatorum, and hence this latter is to be looked upon as the 
ordinary cause of anterior polar cataract. 

Acquired anterior polar cataract is bigger and more densely white than 
is the congenital form. Sometimes the layer of opaque tissue that lies 
beneath the capsule and corresponds to the cataract is so extensive as to 
produce a distinct visible conical protrusion of the anterior pole of the lens. 
This is called a pyramidal cataract (Fig. 121, p). 


Fic. 226.—ANTERIOR CapsuLaR CaTaractT, Magnified 40 1- 


The capsular cataract forms a projection upon the anterior surface of the lens, covered by the 
eapsule, &, which is unchanged and simply thrown into folds. The capsular epithelium e, loses its 
regularity at the border of the cataract, its cells being increased in number and separated by the cata- 
ract from the capsule, so as to form for a short distance the posterior boundary of the cataract. The 
cataract consists of a fibrous tissue, with cells lying in the spindle-shaped gaps between the fibers. 
Succeeding the cataract posteriorly, is liquor Morgagni, M, which is coagulated into a pulverulent 
mass, separating the capsule from the cataractous layers of the lenticular cortex (which are not rep- 
resented in the drawing). 


Anterior polar cataracts of small area may exist without giving rise to 
any essential disturbance of vision, this generally being caused more by the 
opacity of the cornea than by that of the capsule. Treatment, therefore, is 
generally not required except in those rare cases in which the cataract is 
so large as to occupy almost the whole of the pupil when the latter is con= 
tracted. Then an iridectomy would be indicated. 


An anterior polar cataract issometimes joined by a filament of connective tissue 
with a central cicatrix of the cornea. This takes its origin from the time when the lens 
was applied to the cornea after the perforation of the ulcer. The lens and cornea were 
then glued together by a mass of exudation, which may afterward become organized 
and be drawn out into a long filament when the anterior chamber is reconstituted. 
Generally the filament ends by rupturing, but exceptionally it may persist all through 
life and connect the corneal cicatrix with the anterior pole of the lens. 

There are cases of anterior polar cataract in which the corneal cicatrix that is left 
by the ulcer does not lie in the pupillary area, but in the periphery of the cornea. Hence, 
it follows that the perforation must have occurred at some point not directly in the 
center of the cornea. Indeed it appears that in rare cases deeply penetrating ulcers 
may cause an anterior polar cataract even when there is no perforation. Of course, 
then the toxins formed in the cornea cannot act so intensely on the lens as when the 
lens comes in direct contact with the suppurating cornea, and hence a capsular opacity 
develops but rarely in such cases. That a capsular opacity always occupies the anterior ' 
pole is accounted for by the fact that ia the area of the pupil—which is very narrow 


‘as long as the inflammation lasts—the lens capsule is directly exposed to the deleterious 


action, while in the rest of its extent it 1s protected by the iris. 
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Corneal opacities acquired in very early childhood often clear up to an extraor- 
dinary degree, so that in anterior polar cataract it is not always a dense cicatrix, but 
often only a slight cloudiness of the cornea, that is found. If this latter is overlooked, 
the method of development of the cataract might become a matter of doubt. 

Anterior polar cataract, through subsequent contraction of the newly formed 
tissue, sometimes causes a wrinkling of the adjacent portions of the anterior capsule, 
visible upon examination with a magnifying glass. Beneath the capsular opacity dis- 
integration of the adjacent lens fibers sometimes takes place. In such a case opacity 
of the entire lens (total cataract) may afterward ensue. 


475. (2) Cataracta Polaris Posterior —This consists of a small white dot 
at the posterior pole of the lens (Fig. 231), which, on account of its deep 
location, is generally to be discovered only with the ophthalmoscope. It 
belongs to the posterior capsule, and is hence also called posterior central 
capsular cataract. Posterior polar cataract is congenital, and dates from 
the time when the hyaloid artery passed through the vitreous to the poste- 
rior pole of the lens (see page 392 and Fig. 162). When this disappears 
incompletely, some of its tissue remains upon the posterior capsule. Hence, 
we sometimes find posterior polar cataract simultaneously with persistence 
of the hyaloid artery. The interference with vision is inconsiderable when 
the cataract is small. Treatment, none. 

The anterior and posterior polar cataracts are capsular, while the par- 
tial stationary cataracts about to be mentioned are all lenticular. 

476. (3) Circumscribed Opacities of Various Kinds in the Lens itself. — 
In this category belongs central cataract, a small spherical opacity directly 
in the center of the lens. The cataracta fusiformis, or spindle-shaped cata- 
ract, consists of an opaque line which runs in the axis of the lens from the 
anterior to the posterior pole, and presents a spindle-shaped swelling at a 
point corresponding to the center of the lens. In cataracta punctata, 
extremely minute white dots are found, either distributed uniformly through 
the whole lens or united in a group in the anterior cortical layer. Besides 
the forms just mentioned, numerous other forms of circumscribed stationary 
lenticular opacities are known, all of which, however, occur so rarely that 
they do not need to be minutely described here. All these opacities are 
sharply circumscribed, and are sometimes of very regular and graceful 
shape; they are congenital, and are mostly found in both eyes. They are 
often inherited, although the same forms of cataract are not always met 
with in the different members of the same family. Eyes affected with cata- 
ractsofthissort not infrequently present other congenital malformations too, 
or are found in individuals whose whole development, mental or physical, 
is imperfect. Most of these opacities in themselves cause little impairment 
of the sight, which, however, is often defective for other reasons. 

ATT. (4) Perinuclear (or Zonular, or Lamellar) Cataract.—This is the 
most frequent form of cararact in children. After dilating the pupil, we see 
a gray, discoid opacity in the lens, surrounded by a perfectly transparent 
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marginal portion (Fig. 227). The diameter of the opaque disk is sometimes 
larger, sometimes smaller, and so, too, consequently, is the width of the per- 
ipheral, transparent zone (P). Upon examination with the ophthalmoscope 
the cataract appears as a dark disk, surrounded by the transparent pee 
therefore red and illumined periphery of the pupil. The darkness of the disk 
is greater near the edge than in the center, by which circumstances a zonular 
cataract is distinguished from a solid opacity, which, as it affects the nucleus 
too, would necessarily be densest in the center. Along the outline of the 
opacity, which usually is sharply defined, small opaque dentations are not 
infrequently found, called riders, projecting from the margin of the cataract 
into the transparent periphery, like the spokes on the steering-wheel of a 
steamship (in Fig. 227 represented only in the upper half of the cataract). 


Fie. 227. Fie. 228. 


Fic. 227.—LamMeLLAR CaTARACT SEEN BY REFLECTED Licut. Magnified 3X 2. The iris, J, 
has retracted under atropine. The.opacity forming the lamellar cataract is denser at the margin than at 
the center. The riders are depicted in the upper half, but are left out below to show how a lamellar 
eataract looks without them. Between the margin of the opacity and the margin of the pupil, P,isa 


black interspace corresponding to the transparent periphery of the Jens. i 
Fic. 228.—Lameviar Cararact in Cross Section. Scuemaric. Magnified 2 1. The layers 
s, placed between nucleus and cortex, are opaque, but the adjacent layer is so only in the equatorial 


region, r, so that riders are formed. 


Lamellar cataract is caused by an opacity of the layers lyimg between 
the nucleus and cortex (Fig. 228, s), while these two themselves are trans- 
parent (Jager). The riders on the periphery of a lamellar cataract signify 
that opacities are present in a second layer outside of the first, and that, 
moreover, they are present at first only at isolated spots along the equator 
of this first layer (r, Fig. 228). These partial opacities embrace the equator 
of the inner opacity in front and behind; they ride upon it, asit were, whence 
the name riders. 

Lamellar cataract almost always affects both eyes. | 
genital or, if not, originates in earliest childhood. It is found, above all, in 
children who have suffered from convulsions (A rit). At the same time there 
are found residua of rickets in the bones and changes in the teeth (Horner). 
In very recent times lamellar cataract has been connected with the tetany 
of childhood (Peter), and to this also the conv ulsions have been attri- 
buted. Inheritance of lamellar cataract is not infrequent. 


It is either con- 
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Perinuclear cataract is stationary as a rule, although there are cases in 
which it gradually develops into a total opacity. 

The degree of interference with vision, due to lamellar cataract, does 
not depend upon the diameter of the opacity, for lamellar cataracts of even 
small diameter are always large enough to occupy the whole pupillary area 
of the lens, so that the transparent peripheral zone is always entirely con- 
cealed behind the iris when the pupil is not dilated. Hence, as far as vision 
is concerned, the denseness of the opacity is the only thing that has to be 
considered. As this latter varies greatly, all gradations are found between 
almost normal sight and considerable impairment of vision. 

Treatment is required for lamellar cataract only when the interference 
with vision is considerable. In these cases there are two ways to choose 
from for improving the sight by operative means. The transparent periph- 
ery may be exposed and rendered available for vision by means of an iridec- 
tomy, or the lens may be removed altogether. The latter is accomplished in 
young people by discission; in older ones, in whom a hard nucleus is already 
present in the lens, by extraction. Each of these procedures has its definite 
indications, its advantages, and its disadvantages. 


Fig. 229.—Trrera wire Aypopnasta OF THE ENAMEL FROM A MAN with LAMELLAR CATARACT. 

The teeth are yellow with rough surface. In most of them two furrows, separated by a protuber- 
Sis eunae of the fustow the anamiaila sary tela’ Ge tte: tie ttle cube wel areca aes oa 
tinctly on the right upper canine tooth, indicate spots where the enamel is thinned. 

Iridectomy is proper only when the peripheral, transparent zone of the 
lens is pretty broad. It retains for the patients the possibility of seeing at 
a distance and near by without glasses, but the visual acuity is never par- 
ticularly good, since in fact the central opacity remains, and the iridectomy 
causes disfigurement by depriving the pupil of its round shape, and also 
gives rise to dazzling. On the other hand, removal of the lens produces a 
radical cure, and, in favorable cases, may raise the visual acuity to normal; 
the pupil too remains round and mobile. This operation, however, renders 
the patient exceedingly hypermetropic and deprives him of the ability to 
accommodate, so that he is compelled alwaysto use glasses and is dependent 
on them all his life. Hence, we prefer iridectomy when the transparent per- 
iphery of the lens is broad enough to make distinct vision possible. To 
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establish the availability of the periphery of the lens for vision, the visual 
acuity is determined, first, with the pupil contracted, and then after its arti- 
ficial dilatation withatropine. If the visualacuity is considerably increased in 
the latter-case, iridectomy is indicated. [Where to place the iridectomy can 
be found by noting how a stop with pear-shaped aperture has to be placed 
before the dilated pupil for the patient to see best (see § 856) —D.] In all 
other cases removal of the lens is to be performed and this is the usual opera- 
tion for lamellar cataract, since but few cases are suitable for iridectomy. 


Horner propounded the view that lamellar cataract was the result of rickets— 
the latter being a disorder of nutrition which, besides affecting the bones, affects epi- 
thelial structures too, especially the teeth and the lens. The teeth, especially the inci- 
sor teeth, in the slight cases display horizontal rows of small depressions or horizontal 
furrows in the enamel (Fig. 229). When 2 
these defects are still morestrongly marked, 
the tooth gets to have a sort of terraced 
shape, and is tapered down toward the in- 
cisor surface. Sometimes the teeth are so 
abortive in development that they are 
represented by small, cubical or irregular 
stumps. In the more serious cases the 
enamel coating is absent on the incisor 
surface or is even absent altogether; the 
dentin lies bare, and upon its rough surface 
a thick layer of yellow tartar is deposited. 
Owing to this deficiency in the enamel 
coating, the teeth become rapidly carious 
and break off, so that it is not unusual 
to find, especially in peasants, nothing of Fra. 230.-Lammntar CaTaracr. Magnified 12 X 1. 


the incisor teeth except the broken-off The specimen was from a man, fifty-seven years 
ae a Tick ante devel of age, who had suffered since childhood from lamel- 
stumps. The lens, which in its develop- ja, cataract of both eyes. The diameter of the opac- 


i i he teeth, ity, measured in the extracted lens, amounted to 6 
ment has much in common with t ? mm. Inthe specimen the capsule and also the most 


is also supposed to undergo some disorder superficial layers of the cortex are wanting, as 
¥ Set ast ad l 4. whil they were left behind in the eye when the extraction 
during a period of 1ts development, whue was made. The layers iying between the nucleus 


i se of the dis- and the cortex show numerous small cavities (drop- 
later, after the disappearance e lets), which, in conformity with the fibrillary struc- 
order, normal transparent layers of lens ture of the lens, are elongated, and are arranged con- 


. . centrically. In some places they have coalesced 
substance are again deposited. so as to form larger cavities. Such droplets are 


ise, r 7 i hich found in the nucleus also, but in smaller number 
The discovery of the way im whic while the cortex is free from them. Besides the 


lamellar cataract develops is rendered diffi- zone of vacuoles, which corresponds to the peri, 
cult from the fact that we do not at all pee a eee ee eenof whieh is euill withie 
know at what period of life it develops. Fred heuer Sve: ate Pines runs along 
The diameter of the lamellar opacity is so 

small as to form an argument for the intra-uterine origin of the cataract; on the other 
hand, in some cases it has been actually observed that a lamellar cataract originated 
after birth. But in every other case what we see is a lamellar cataract that is already 
fully formed, and we do not know when it developed. It is easy to undestand why 
this should be so. For the persons thus affected with it are not blind, but are simply 
weak-sighted; hence the affection from which they suffer does not generally make 
itself apparent until the time when greater demands are made upon the eyes—that is, 


in the first years of instruction at school. 
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Detuschmann and others have made anatomical examinations of lamellar cata- 
racts. These examinations showed that within the opaque layer numerous small gaps, 
or vacuoles, filled with liquid are present between the lens fibers; while within the 
nucleus itself only one or two such vacuoles are to be found. In addition, larger fissures 
occur, surrounding the nucleus like a shell (Fig. 230). 

Lamellar cataract does not always present a uniformly gray disk, but frequently 
exhibits a complicated structure. Densely opaque dots or graceful figures are often 
noticed in the anterior or posterior opaque layers, or markedly opaque sectors are con- 
trasted with the less opaque matter in their vicinity. Again, while the riders correspond 
to partial opacities of a neighboring layer, the latter may also be opaque through its 
entire extent so as to surround the inner opaque layer like a cloak, while at the same 
time separated from it by a thin transparent stratum. Thus there originate double or 
even triple lamellar cataracts. 

People suffering from lamellar cataract are often myopic; for on account of the 
indistinctness of the retinal images, they are compelled to bring objects closer to the 
eye in order to make up in the size of the retinal images what they lack in clearness. 
From this apparent myopia a real one usually develops subsequently, because through 
the habit of constantly looking at objects near by, the posterior wall of the eyeball be- 
comes stretched and the axis of the eyeball elongated. 


478. (5) Cataracta Corticalis Anterior et Posterior.—In this there isfound 
in the anterior or posterior cortical layer of the lens a stellate or rosette- 
shaped figure, the center of which corresponds to the pole of the lens, while 
its rays are directed radially toward the periphery (Fig. 232). Anterior cor- 
tical cataract is much rarer than the posterior variety; sometimes both are 


Fie. 231.—Postprior PoLrar Cataract. Fria. 232.—Postrerior CorticaL CATARACT. 
Magnified 2X 1. Magnified 2 x 1, 


found together. The two forms of cataract occur generally in those eyes 
which suffer from affections of the deep parts, like chorioiditis, retinitis pig- 
mentosa, fluidity of the vitreous, etc.; the disturbance in the nutrition of the 
lens, thus produced, duces the formation of an opacity in it. The inter- 
. ference with vision is usually considerable, since it is caused not only by the 
opacity of the lens, but also by the involvement of the fundus. Anterior 
and posterior cortical cataracts remain stationary for many years and then 
at length pass into total opacity of the lens. They accordingly constitute 
a transition between the stationary and the progressive forms of cataract. 
When they have induced total cataract, they afford a bad prognosis for the 
operation on account of their being complicated with a lesion of the fundus. 


Posterior cortical and posterior polar cataracts are frequently confounded. Accord- 
ingly, I present a drawing of the two kinds of cataract side by side to show the differ- 
ence. Polar cataract is a round dot (Fig. 231), and represents a tissue that is deposited 
upon the posterior surface of the posterior capsule of the lens. Anatomically, therefore, 
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this form of cataraet does not belong to the cataracts at all, since the opaque tissue lies 
outside of the lens system. It hence shows no indication whatever of a radial structure, 
which is the very feature that is characteristic of a posterior cortical cataract. The 
latter, in fact, is not only much larger than a posterior polar cataract, but also has 
always, in conformity with the radiating arrangement of the lens fibers at its posterior 
pole, the shape of a star or a rosette, with coarse or fine radial striation (Fig. 232). 

Cataracta corticalis anterior and posterior are sometimes observed after injury of 
the lens, and that both when the lens capsule is opeued and also in simple contusion of 
the lens without opening of the capsule. The stellate opacity in the cortex develops 
in the days immediately succeeding the injury, and may either rapidly pass over into 
complete opacity of the lens, or may remain stationary, or may even disappear again. 
The rapid development of these opacities, as well as the fact that they can disappear, 
indicates that they consist in some change of the lens fibers, which can abate again— 
perhaps being a swelling of the fibers without disintegration. 


(B) PROGRESSIVE CATARACT 


479. Course.—Progressive cataracts begin as partial opacities, which 
steadily extend until at length they occupy the entire lens. This is true, 
with the qualification that the portion of the lens already sclerosed—that 
is, the nucleus—ordinarily remains exempt from opacity. Hence, opacity 
of the lens in all its parts occurs only in young persons whose lens as yet 
has no hard nucleus; in older people the nucleus generally remains trans- 
parent. The time required for a lenticular opacity to involve all the parts 
that are capable of becoming opaque at all, varies very greatly. There are 
cases in which a transparent lens becomes completely opaque within a few 
hours, while other cataracts require many years before they can become 
total. ; 

We distinguish in the course of a progressive cataract four stages, which 
are best marked in the most frequent form, senile cataract. To this form, 
therefore the following description mainly applies: 

480. (1) Cataracta Incipiens—Opacities occur in the lens, between 
which are found spots that are still transparent. The shape of the opacity 
is most frequently that of sectors (so-called spokes), the base of which look 
toward the margin, and their apex toward the poles of the lens. 


One of the precursors of cataract is the unequal refractivily that ophthalmoscopic 
examination frequently shows in the separate portions of the lens. In that case, beh 
the pupil is illuminated with the ophthalmoscope, spots are seen here and there w ug 
first shine more vividly red than the rest, then upon a slight turn of os Pome appear 
as dark shadows in the red of the pupil. aoe are comparable to the strie that are 

1 i lass [or in a block of ice]. . 
ee eee a the lens is distinguished by its specially great reflective BOWER: 
so that, without being really opaque, it becomes visible Pee oe ee 
nation as a dark-red globular body, in the center of pee eently, illuminatec ae 
In conjunction with the marked difference m refractivity between the ae nu- 
cleus that exist in these cases, a fairly high degree of shortsightedness (lenticular my- 
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opia) develops. Such eyes show even to the unaided view a specially strong senile 
reflex; the pupil looks so gray that one might think himself justified in assuming the 
existence of a commencing cataract. The diagnosis of cataract, however, should be 
made only when the ophthalmoscope actually shows circumscribed opacities in the lens. 

Such opacities appear most f requently under the following forms: 

1. Opaque sectors (radii) which look grayish-white by reflected light, black by 
transmitted light, and whose apices converge toward the pole of the lens (Fig. 233). 
They correspond to the natural grouping of the lens fibers into sectors. Sometimes 
they are broad and triangular, sometimes narrow, and are occasionally represented by 
nothing but slender radiating lines. That form of cataract in which the lens is traversed 
by numerous, very slender radiating lines is found chiefly in myopic eyes. The cloud- 
ing of the sectors begins in their periphery, where they are visible with the ophthal- 
moscope long before their apices project into the region of the pupil and impair vision. 

| As a rule, they appear first in the lower portions of the lens. 

2. A diffuse, smoke-like cloudiness occupies the central portion of the lens. It be- 
longs to those layers which directly inclose the nucleus. This sort of opacity disturbs 
the sight much earlier and to a much greater extent than do the opaque radii, because, 
in the first place, it is found in the pupillary area from the start; and, secondly, because 
it is diffuse and does not leave any places that are quite transparent. 


Fia. 233. Fie. 234. 


Fie. 233.—Incrpiment CatTaract under the form of opaque sectors, which look black when seen 
by transmitted light with the ophthalmoscope. 

Fie. 234.—Incrprpnt Cararact under the form of an irregular disk, which is more markedly 
opaque at its edges, and which is situated in the posterior layers of the cortex. 


3. A disk-shaped opacity which is situated in the posterior layers of the cortex, but 
which, in contradistinction to the typical posterior cortical cataract (Fig. 232), pre- 
sents an irregular and ill-defined contour and a cobweb-like structure (Fig. 234). This 
sort of opacity, too, causes from the outset very great disturbance of the sight. 

4. We find, as an extremely frequent occurrence, in the eyes of old people, a ring- 
like opacity which lies near the equator of the lens, and which, on account of its re- 
semblance to the arcus senilis of the cornea, was named by Ammon the arcus senilis 
(sive gerontoxon) lentis. This opacity is composed of two parallel opaque rings, one of 
which lies in front of the equator of the lens, and the other behind it. It does not impair 
vision, since it lies wholly behind the iris, and, moreover, it shows little tendency to 
spread. 

Frequently, in commencing senile cataract, several or even all of the above-men- - 
tioned forms of opacity are met with. 

5. While ordinarily the opacity of the anterior capsule is not associated with a 
cataract until the latter becomes hypermature, it exceptionally happens that such an 
opacity precedes the lenticular opacity proper and so represents the beginning of the 
senile cataract. A densely white dot forms in the center of the pupil. This graduallv 


4(To the alteration in the nucleus, producing this increased refractivity of the lens as a whole, 
the name nuclear sclerosis is applied by some, although the term properly denotes any progressive 


hardening of the nucleus. The full amount of lenticular myopia’ produced by nuclear sclerosis (in this 
restricted sense) amounts to some 3 or 4 D,—D.,] 
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enlarges by outgrowth taking place at its edge. Then the lens fibers directly adjacent 
become opaque, and finally the entire lens opacifies. The whole process runs an ex- 
tremely slow course and takes a number of years before it produces complete opacity of 
the lens. 

6. In young people, cataract often begins in the form of irregular, macular or 
cloud-like opacities. 

481. (2) Cataracta Intwmescens.—In proportion as the lens becomes 
more opaque, it contains more and more water, and hence swells up. This 
increase in volume of the lens is recognized by the increasing shallowness of 
the anterior chamber. As long as the opacity has not reached to the ante- 
rior capsule, the iris throws a shadow upon the lens. To see this, a light is 
held near the eye and to one side of it. Then a black shadow is seen at that 
side of the pupillary margin that is turned toward the light (Fig. 235). This 
arises from the fact that the opaque layer of the lens upon which the iris 
casts its shadow lies some distance behind the iris. This opaque layer acts 
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Fic. 235.—SHApow or THE IRIs SEEN FROM IN FRONT. The crescentic shadow appears at 


i f the pupillary margin that is turned toward the source of light, L. y 
gh ee es aabow OF THE IRIS UPON THE LENS IN SCHEMATIC CROss SEcTION. The inner layers 


S i al ones transparent. The source of light, L, throws 

e lens are supposed to be opaque, the peripheral! one ‘ 
dey the pure hcgs the opacity a shadow from the iris, whose central border is at b. An observer 
looking from a point straight in front of the eye, sees a portion of this shadow, of the width a b, run- 


ning alongside of the pupillary margin of the iris. 
like a screen which receives the shadow of the iris. An observer, looking at 
the eye from in front, sees then that portion of the shadow which does not 
lie behind the iris itself (a b, Fig. 236). This portion of the shadow becomes 
narrower the nearer the opacity approaches the iris, and finally disappears 
altogether when the opacity reaches the anterior capsule. The distended 
lens has a bluish-white color and a marked silky luster of the surface, and 
shows very clearly the stellate markings of the lens. 

During the stage of intumescence the opacity of the lens becomes total. 
As soon as this has taken place the lens begins gradually to lose water, so 
that it returns once more to its former normal volume. The lens then enters 
upon the stage of maturity (6) or is ripe. 

The intumescence of the maturing cataract is caused by the swelling of the cor- 
tex. It is, therefore, more distinctly pronounced the softer the cataract is, since then 


there is much cortex; on the other hand, it is altogether waiting in the dark, hard cata- 
racts which consist of scarcely anything but nucleus. For the same reason, too, the 
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ordinary phenomena of hypermaturity do not occur in the latter; instead of under- 
going further disintegration, the horny lens remains unchanged, or, at most, thicken- 
ing of the capsule is added. 

How long a time does it take for a cataract to become ripe? The progress of a cat- 
aract is sometimes rapid, sometimes slow, the latter especially in senile cataract which 
not infrequently remains in an almost unchanged condition for years. Hence, if we 
find in an elderly patient the first stages of a cataract which as yet produces no inter- 
ference with vision worth mentioning, the indication is, in the interest of the patient, not 
to frighten him by communicating his condition to him, as he perhaps may enjoy suf- 
ficiently good vision for several years to come. For our own security we may communi- 
cate the discovery to some near relative of the patient’s. Sometimes, again, the len- 
ticular opacity progresses by fits and starts—a cataract which has remained unchanged 
for quite a long time becoming almost completely mature within a few months, or even 
weeks. 

For all these reasons it is for the most part impossible to answer with precision 
the patient’s question as to when the cataract will become ripe. The following diag- 
nostic points may serve for an approximate determination: ‘The lenticular opacity 
develops the more rapidly the younger the person is. Light-colored cataracts become 
matured more rapidly than dark ones, and those with broad radii more rapidly than 
those with slender radii. A cataracta nigra can never become matured in the ordinary 
sense of the word, since it is not a cataract proper but a sclerosis of the entire lens which 
may be said to have been converted in toto into a nucleus, and hence always preserves 
a certain degree of transparency. For the laity a criterion of the ripeness of a cataract 
—i. e., of its readiness for operation—is the fact that the eye is no longer in a condition 
to count fingers. This does not hold good for dark cataracts (see page 545) which gener- 

,ally do not become so opaque that the patients cannot perceive the larger-sized ob- 
jects. Nevertheless, these can be operated upon with good results, since the lens has 
been transformed into a hard, horny, translucent mass which can readily be shelled 
out cleanly from its capsule. 

The rapidity of ripening is also influenced by the etiology of the cataract. Cer- 
tain cataracts, such as diabetic, traumatic, and glaucomatous cataracts, furthermore 
complicated cataracts, particularly those resulting from detachment of the retina, 
are distinguished by their rapid rate of progress. The time required for ripening can 
be most readily determined, at least in the case of senile cataracts, when the other eye 
already contains a ripe cataract and the time that this has taken to develop is known, 
since presumably the rate of advance of the cataract is the same in both eyes. 

[Patients with progressive cataract ought to be re-examined from time to time 
to determine their vision and refraction. For often in them the sight deteriorates not 
so much from progressive opacification itself as from the changes in lenticular density 
and corresponding changes in refraction that the opacification produces (ef. pages 528 
and 537). In such a case often a change of glasses will not only enable the patient to 
see better, but will give him the comfort of knowing that his cataract is not advancing 
as fast as he supposed.—D.] 

Opacities of the lens, especially when examined with a magnifying glass and focal 

‘illumination conjointly, often present quite clearly the appearance of being formed of 
minute drops. Sometimes these are of bluish color (cataracta cerulea). Such opacities 
‘are most frequently found in cataracts of young persons and in complicated cataracts. 


482. (3) Cataracta Matura. (Stage of Maturity).—The anterior cham- 
ber is once more of normal depth, and the iris no longer tasts a shadow—a 
proof that the opacity of the lens has become total. The lens has lost its 
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bluish-white, iridescent look, and has a dull-gray or brownish color; the rad- 
ial markings of the stellate figure of the lens are still for the most part recog- 
nizable. A mature cataract has the property of separating readily from its 
connection with the capsule. This is partly because the disintegration of 
the lens fibers has proceeded right up to the capsule, partly because the lens, 
formerly enlarged, has diminished again in volume, and thus the connection 
between the surface of the lens and the capsule is loosened. The lens then 
lies in its capsule like a ripe fruit in its rind (Arlt); and thus it has become 
ripe for operation, since it is of great importance that the cataract should be 
capable of removal from its capsule without many portions of the lens 
remaining behind. These would form a new opacity in the pupil—a sec- 
ondary cataract—and thus render the result of the operation doubtful. 

483, (4) Cataracta Hypermatura.—The further metamorphosis of a 
mature cataract consists in the complete disintegration of the opaque len- 
ticular mass. This becomes converted into a pultaceous substance, which 
no longer shows any trace of the original structure of 
the lens, its formation out of sectors, etc. Hence, in 
a hypermature cataract we either see no marking at 
all, or nothing but irregular spots—no radii nor sec- 
tors. The consistence possessed by a hypermature PAROLE a 
cataract depends upon whether the gradual loss of — The pupilis dilated with 
water, which began after the intumescence of the ear nethe e205 boiaee 
cataract and reduced the latter to its normal volume, '*" >: 
keeps on or not. If the loss of water continues, the pultaceous mass which 
is produced by the disintegration of the lens fibers becomes more and more 
inspissated. It dries up along with the nucleus of the lens into a flat, cake- 
like mass: the anterior chamber consequently becomes deeper and deeper. 
This is the ordinary form of hypermature senile cataract. 

If the loss of water ceases after the lens becomes entirely opaque, the 
lenticular mass grows more fluid in proportion as it keeps on breaking up 
into smaller and smaller parts. If this process goes on in a young person, 
in whom there is no hard nucleus in the lens, the latter becomes liquefied 
through and through, so that the lens consists of a milky fluid (cataracta 
fluida sive lactea). If this metamorphosis affects an old lens, the nucleus, 
which has failed to become opaque, also escapes disintegration, and sinks 
under the form of a heavy compact mass to the bottom of the liquefied cor- 
tex. The cataract has then a homogeneous white appearance, correspond- 
ing to the milky cortex, and in its lower portion presents a brownish shad- 
‘ing, which is bounded above by a semicircular line, and which represents the 
upper half of the dark nucleus. As the latter alters its position with the 
movements of the head, the brownish shadow can also be seen to change its 
place. This form of cataract is known as Morgagnian cataract (cataracta 


Morgagni; Fig. 237). 
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A liquefied lens, however, does not remain permanently unaltered, but 
inspissation of the fluid occurs later on through the gradual loss of water, 
the disintegrated lens masses being at the same time in part resorbed. In 
this way the lens constantly diminishes in volume until, in cases in which 
no nucleus has been present, it is transformed into a thin, transparent mem- 
brane (cataracta membranacea). In children, in whom resorption is carried 
especially far, the opaque lenticular masses disappear altogether im places. 
The two layers of the lens capsule, which has remained transparent, come 
into apposition, and thus there are formed perfectly transparent spots in the 
opaque lens, recognizable by reflected light as black gaps in the white 
pupil. The child begins to see again, a sort of spontaneous cure of the cata- 
ract having occurred. 

When a hypermature cataract has lasted a long time, changes set in 
which lead to complications: (a) Cholesterin, or lime salts, are deposited 
in the lens mass. The former is recognizable with 
the naked eye under the form of glistening points 
in the opaque lens. Calcification of the lens (cata- 
racta calcarea sive gypsea) takes place chiefly in 
complicated cataracts. It is characterized by a 
peculiar coloration, varying from chalk-white to 
Fra. 238.—Carsutar Carta- yellow. (6b) The anterior capsule becomes thick- 

iGuen Carewont os arene’ by proliferation of the capsule cells, so that 
The center of the dilated out of a simple lenticular cataract there is formed 


pupil is occupied by an irregu- 


Ce eee isch eats a cataracta capsulo-lenticularis. The capsular opac- 


recognized the fine wrinklings ; ~ ee ee ‘ Mee fe 
ofthe capsule’ Inthe vicinity 1ty presents itself under the form of a densely 


of the large capsular opacity , AOS net? ved 
ore found thicbeninas of tr White, irregular spot upon the gray or brownish 


capsule, which have just devel- Aan . ee Se : E * 
Gnedi and whieh form, white surface of the lens, usually occupying the central 


dots contrasting strongly with part of the anterior capsule, over an area about 
radially striate, opaque lens. @orregponding to the pupil (Fig. 238). (c) The lens 
becomes tremulous. The shrinking of the hypermature cataract affects not 
only its thickness, but also its equatorial diameter. In proportion as the 
latter diminishes in size, the zonula of Zinn is stretched, and thereupon 
undergoes a corresponding atrophy of its fibers. Consequently, the attach- 
ment of the lens becomes imperfect, so that the lens shakes with the move- 
ments of the eye (cataracta tremula). Spontaneous luxation of the lens may 
even take place through partial or total rupture of the zonula. In conse- 
quence of these changes an operation for hypermature cataracts is often 
more difficult, and gives rather less favorable results than the operation in 
the stage of maturity. 


By a combination of thickening of the capsule with various degrees of consistence 
of the lens special varieties of cataract are produced. A liquefied lens in a thickened 
sac-like capsule is called cystic cataract (cataracta cystica). By the term cataracta arida 
siliquala is understood a shriveled cataract within a thickened capsule; deriving its 
name (dry, silique-shaped or pod-like cataract) from its similarity to a dried pod (silique), 
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By the shriveling of the cataract in the stage of hypermaturity the anterior cham- 
ber becomes deeper, until finally the iris, instead of projecting forward in the shape 
of a cone, lies in a plane. If the diminution in the size of the cataract keeps on, the 
iris is not drawn backward so as to form a funnel, except when it is joined to the lens 
capsule by posterior synechia. Otherwise the iris remains stretched in a plane, and 
the shriveling lens becomes farther and farther removed from the iris, so that the latter, 
deprived of its support, becomes tremulous. A dark interspace is then seen between 
the iris and the lens, and the iris again throws a shadow upon the latter. This shadow 
must not, of course be confounded with that which is found in immature cataract. 
Nor should the black rim of pigment on the margin of the pupil, seen in every case of 
cataract, be regarded as the shadow cast upon the iris. It is easily distinguished from 
a shadow by its appearance, and also by the fact that it is visible not only at the side 
toward the light, but all round the iris. 

In the stage of hypermaturity in which the opaque layers become thinner through 
resorption, the sight often increases a little, so that, for example, the fingers can be 
again distinguished. Really serviceable vision sometimes comes on in young people, 
when the resorption goes on so far that spots are formed which are perfectly trans- 
parent. In senile cataract, in which a hard nucleus is present, it is extremely rare for 
a spontaneous restoration of sight to occur, although it may take place in the following 
ways: (a) By resorption, in exceptional cases, not only of the cortex but also of the 
nucleus to such an extent that nothing but slight opacities remain. (b) By the forma- 
tion of a Morgagnian cataract, and the subsequent transformation of the fluid por- 
tion of the cataract into a clear, transparent liquid. Then the upper part of the pupil 
is transparent and black, while the brown nucleus is seen lying in its lower part. These 
cases are not so very rare, only they were not formerly correctly diagnosticated. After- 
ward the transparent liquid, and even the nucleus itself, may be resorbed, so that only 
a thin membrane is left. (c) By spontaneous dislocation of the lens, so that the pupil 
again becomes partly or entirely black. 

[The stri# and other opacities of an incipient cataract sometimes, though rarely, 
undergo spontaneous absorption.—D. } 

Operations upon hypermature cataracts give rather less favorable results than 
those performed at the time of maturity. The chief danger attending operation in the 
stage of hypermaturity is prolapse of the vitreous during the operation on account of 
the defective condition of the zonula. Moreover, the thickened and opaque anterior cap- 
sule requires special management. We must try to remove it with the capsule forceps 
before delivering the lens. If the capsule does not tear when we grasp it with the for- 
ceps, it is generally possible to extract the lens in the unopened capsule, and we then 
get a particularly clear pupil. But if we have not been able to remove the opaque cap- 
sule altogether, an after-cataract forms, which does not disappear by subsequent resorp- 
tion as cloudy lens masses do; and in this case a secondary operation (discission) is 
required. 


484. Diagnosis of Stage.—As the diagnosis of the stage of a cataract 
is what determines the question of the performance of an operation, and 
hence is of great practical importance, the distinguishing signs of the sepa- 
rate stages will be summed up in the following words: 

1. Cataracta incipiens. Anterior chamber of normal depth; transpar- 
ent spots still to be found in the lens between isolated opacities. 

2. Cataracta intumescens. Anterior chamber shallower : iris usually 
casting a shadow; lens bluish-white and having a silky luster; markings of 
the stellate figure of the lens very distinct. 
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3. Cataracta matura. Chamber of normal depth; no shadow cast by 
the iris; markings of the stellate figure of the lens still recognizable. 

4. Cataracta hypermatura. Anterior chamber of abnormal depth; no 
shadow cast by the iris; surface of the lens appearing quite homogeneous 
(in the case of liquefaction), or showing irregular dots and spots in place of 
the radial markings of the lens-star. 

485. Hard and Soft Cataracts.—According to their consistence, total 
cataracts are distinguished into- hard and soft (cataracta dura et mollis). 
This has reference to the nucleus of the cataract. By soft cataract, there- 
fore, we understand one having no distinct hard nucleus (Fig. 173), while 
those cataracts are known as hard which inclose a hard nucleus, although 
the cortex is soft (Fig. 172). The nucleus, in fact, does not usually become 
subject to cataractous changes, and therefore retains its natural consist- 
ence. The distinction between hard and soft cataract is made chiefly from 
a practical point of view. For the extraction of cataract from an eye a sec- 
tion must be made, the dimensions of which depend mainly upon the size of 
the nucleus. The wound must be large enough for the nucleus to pass easily 
through it, as otherwise the nucleus either cannot be removed from the eye 
at all, or, if it is squeezed forcibly through the wound, it crushes the lips of 
the latter. The soft cortex is stripped off from the nucleus, as the latter 
passes through the wound, and ean subsequently be readily removed from 
the eye by stroking; it is unnecessary, therefore, to pay any regard to it in 
making the section. Hence, in soft cataract a small wound (simple linear 
extraction) suffices, while in hard cataracts the wound must be the longer 
the bigger the nucleus is. 

For these reasons it is of importance before undertaking an operation 
to diagnosticate whether the cataract contains a hard nucleus, and if so, 
about how large it is. For this purpose we must take into account the age 
of the patient and the appearance of the cataract. The age is to be con- 
sidered, inasmuch as the development of the nucleus is in direct proportion 
to it in healthy, and hence also in cataractous, lenses. Cataracts of children 
and young people have no nucleus; in older persons the nucleus is in the 
main the larger, the more advanced the age is. Nevertheless, it is not to be 
forgotten that very considerable individual variations occur with regard to 
the size of the nucleus. A careful mspection of the cataract, however, 
enables us to see the nucleus directly. It can be recognized upon lateral 
illumination as a dark reflex emanating from the depths of the lens. From 
this we can estimate its size, and from its color estimate its consistence also. 
The darker—reddish or brownish—the nucleus is, the harder (and usually, 
too, the larger) it is. 

{t may happen that the sclerosis of the lens has advanced so far that 
it has been entirely, or all except a small residue, transformed into a nucleus. 
It is then converted into a hard, dark-brown, transparent mass. The pupil 


= 


looks black, and it is only on careful inspection—especially with the aid of 
lateral illumination—that we recognize that it is of a peculiar darkebrown, 
This condition is known under the name of cataracta nigra. Properly:speak- 
ing, it is not a cataract in the true sense of the term, but a far-advanced 
senile alteration of the lens—a total sclerosis of it. Such lenses are always 
large and hard, and require a large section for their removal. 
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To what has been said in regard to the nucleus of the lens and its behavior in 
cases of cataract, exceptions occur. There are cases of cataract in children, in which 
the lens, instead of being soft, has quite a hard nucleus or eyen has a wax-like consis- 
tence throughout. On the Gener hand, cases of senile cataract have been observed with- 
out nucleus. In exceptional cases, the nucleus and not the cortex may be the first part 
to become opaque in the lenses of adults (cataracta nuclearis), 


C. Etiology of Cataract 


486. (1) Cataracta Congenita.—The cause of this is either a disturbance 
of development or an intra-uterine inflammation of the eye. Both the sta- 
tionary partial cataracts (particularly anterior and posterior polar cataract) 
andthe progressive forms of cataractmay be congenital. Congenital cataracts 
are usually bilateral and often inherited. Heredity, however, makes its 
influence felt in non-congenital cataracts also, and, in fact, even in senile 
cataract; there are families many of whose members become blind from 
senile cataract, and that, too, for the most part at an uncommonly early age. 

It is only in exceptional cases that congenital cataracts are discovered immediately 
after birth, the rule being that they are not made out until the child is some weeks or 
months old; for newborn children have very narrow pupils, and moreover, because they 
sleep so much, keep their eyes shut most of the time, so that no notice is taken of the 
fact that their pupils are not black. Then, too, as such young children do not fix their 
eyes steadily upon objects, the fact that they do not see is not obvious. Partial congeni- 
tal cataracts, if they do not cause any notable impairment of sight, are often not noticed 
until the patient is of quite a mature age, or perhaps are never discovered at all. Many 
congenital cataracts are complicated, as can be seen from the changes found at the 
aes time in the iris, expecially posterior synechiew. They are hence the result of a 
fetal inflammation of the uvea. ‘The formation of the cataract must In many cases 
be dated pretty far back in intra-uterine life, since children sometimes come into the 
world with cataracts that have already become shriveled. Here, therefore, the entire 


process of ripening and of shriveling has been evolved in utero. 

487. (2) Cataracta senilis is by far the most frequent form of cataract. 
Indeed, it occurs very frequently in old people, but not so regularly as to be 
regarded as a physiological attribute of age—as the turning gray of the hair 
is, for example—but rather as a pathological process. It usually does not 
make its appearance until after the fiftieth year of life, but is exceptionally 
observed in the years between forty and fifty. The fact of a cataract occur- 
ring in an elderly person does not of itself justify the diagnosis of senile cat- 
aract. An old man may get a cataract in consequence of traumatism, ete. 
Hence, to establish this diagnosis, it must be demonstrated that neither in 


30 


f4 ‘ 


546 TEXT-BOOK OF OPHTHALMOLOGY 


the eye nor in the body in general are diseases which might account for the 
development of the cataract, so that the latter can be attributed only to the 
effect. of age. Senile cataract always affects both eyes, but rarely at the 
same time, so that generally one eye is in advance of the other in respect to 
the development of its cataract. 


Endeavors have been made, hitherto in vain, to discover some general disturb- 
ance of nutrition as the cause of senile cataract. Some ascribe it to purely local causes. 
In the process of transformation of the inner layers of the lens into nucleus (sclerosis) 
these layers diminish somewhat in volume. Under normal conditions this process 
of shrinking is conducted so slowly and gradually that the cortical layers are able to 
adapt themselves to the diminished volume of the nucleus. But, if the shrinking goes 
on with exceptional speed or irregularity, there may be produced undue traction and 
subsequent separation of those layers of the lens which lie between nucleus and cortex. 
In this situation fine fissures are formed in which fluid accumulates; afterward the 
adjacent lens fibers themselves become opaque, and thus afford the initial impulse which 
leads to the opacity of the entire lens (Becker). 

Others suppose that senile cataract develops from altered composition of the 
aqueous, as a result of which the epithelium of the anterior capsule is injured. The 
alteration of the aqueous might be the result of local (senile) changes in the ciliary 
processes which secrete the aqueous (Peters) or the result of disturbances of the gen- 
eral metabolism, e. g., such as occur in chronic nephritis (Michel) or from accumulation 
of toxic decomposition-products (cytotoxins) in the body (Rémer). Since senile cata- 
ract has such a different aspect in different cases, both at its outset and also when the 
opacity of the lens is complete, it is probable that the conditions which at present we 
call senile cataract are not all due to the same cause. Finally some have charged sun- 
light with being the cause of cataract, because they noticed that the first sectors of 
opacity develop in the lower portions of the lens which are most exposed to the sun’s 
rays as they come from above. That a part of the rays that traverse the lens—and 
particularly the rays of short wave length—are absorbed by the lens is proved by 
the marked fluorescence that the latter exhibits. [The view that light, especially light 
rich in ultra-violet rays, is the cause of cataract receives some substantiation from the 
experiments of Burge, who found that lenses thus exposed became opaque, provided 
they were at the same time charged with sugar or certain salts of calcium, magne- 
sium, or silicon. (See page 23.) It further appears that cataractous lenses do contain 
an unusual amount of magnesium and calcium salts and in the ease of Indian cataracts 
an unusual amount of silicon. If these findings are substantiated for cataract in gen- 
eral, it would seem that the development of cataract would represent the combined 
effect of light acting in a prolonged or excessive manner on the eye and of some disorder 
of metabolism acting to charge the lens with sugar or mineral salts. This sort of com- 
bined action may explain glass-blowers’ cataract. This is a very slowly developing 
. posterior cortical opacity, occurring according to Legge in 30 per cent of glass workers 
over 40. It affects those especially who have for over twenty years been exposed to the 
light and occurs especially in the left eye, which is habitually turned toward the light. 
According to Verhoeff and Bell, heat, not light, is the chief factor in causing it.—D.] 


488. (3) Cataracts due to General Diseases.—The most frequent of these 
is diabetic cataract. This mainly develops when the amount of sugar con- 
tained in the urine is high, and usually matures rapidly. It is always bilat- 
eral, 
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It was formerly believed that the cause of diabetic cataract was to be looked for 
in the abstraction of water; for if a fresh, transparent lens with uninjured capsule is 
laid in a solution of sugar (or even a solution of salt), the lens becomes clouded, owing 
to the fact that the solution absorbs water from the lens with avidity. If the opaque 
lens is then put back in plain water again, it again becomes clear. The same experiment 
ean also be performed upon living animals. The blood in the vessels of a frog is replaced 
by a solution of sugar or salt, whereupon the lenses become opaque. Then, if the frog 
is put back again into the water, the lenses clear up once more. Upon the basis of these 
experiments it was assumed that in diabetes the fluids of the eye, and particularly 
the aqueous, on account of the amount of sugar they contain, act by withdrawing water 
from the lens, so that the latter becomes opaque. This view appeared to be confirmed 
by the fact that diabetic cataract occurs only when the amount of sugar in the urine 
is great. More recent analyses of the aqueous in diabetics have, however, shown that 
the amount of sugar contained in it is very small, much smaller than the amount re- 
quired to produce opacity of the lens in the experiments cited. Hence, although it 
is not to be denied that the altered composition of the fluids of the eye is accountable 
for diabetic cataract, nevertheless, the action of this factor is not to be conceived of 
simply as an abstraction of water, but as being due to more complicated disturbances 
in the nutrition of the lens, the nature of which is not yet exactly known. 

The retinal pigment of the iris in diabetes is often found to present a marked 
degree of cedematous swelling, even when the iris during life did not exhibit any symp- 
toms of inflammation (Kamocki). Since this state of things has been observed only 
in diabetes, it must be attributed to this disease, and is perhaps explainable as due 
to the action of the altered aqueous upon the retinal pigment of the iris. It is prob- 
ably in a similar way that the altered nutrient fluids which enter the lens lead to its 
opacification. [For the possibility that the cataract may be due to the effect of light 
acting upon a lens containing sugar, see page 546.—D.] 

A form of cataract which really depends upon the abstraction of water is prob- 
ably that which sometimes makes its appearance in the last stages of cholera. 

The prognosis of diabetic cataract, as far as the operation upon it is concerned, is 
less favorable than in senile cataracts, because in diabetes wounds show less resistance 
to infection, and, moreover, diabetes predisposes to iritis. Hence, if we have to oper- 
ate upon the diabetic cataract, we wait until by suitable treatment the amount of sugar 
in the urine has been reduced to the lowest possible point. It is said that in diabetic 
cataracts which have not advanced too far a partial disappearance of the opacities has 
sometimes been observed after a successful treatment of the diabetes (by the Carlsbad 
water cure). Such cataracts, therefore, would be the only ones—and they only in ex- 
ceptional cases—that can be improved by medicinal treatment. [See, however, page 
551, note.] 5 wr FA: , 

Not every cataract that is seen in a diabetic patient is a diabetic cataract. Dia- 
betes being of common occurrence in advanced life, it often happens that opacities 
of the lens are found in patients affected with it. Such opacities must be regarded as 
senile cataract, if they exhibit the ordinary appearance of the latter and the slow develop- 
ment characteristic of it. y 

An interesting example of opacity of the lens, due to an altered composition of 
the nutrient fluids, is naphthalinic cataract. This is produced when naphthalin is ad- 
ministered to rabbits. Retinitis develops first with opacities of the vitreous, and sub- 
sequently a cataract forms (Bouchard). So also in man retinitis and cataract have 
been seen to occur after the application of naphthol ointments (when used for skin 
disease). Other forms of cataract following the ingestion of poisons are those that 
appear in ergotism, rhaphania, and pellagra. Tn these diseases convulsions are pro- 
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duced by the action of the poison. The same is true of tetany, which most observers 
are inclined to attribute to auto-intoxication, and in which, too, cataract may develop. 
[This may occur in the tetany that follows removal of the thyroid or parathyroid glands 
—D.] In adults the opacity due to tetany takes the form of a soft, total cataract, in 
children perhaps that of a lamellar cataract (see page 533). The formation of cataract 
also occurs sometimes in connection with epileptic, eclamptic and perhaps even hys- 
terical convulsions. 

489. (4) Cataracta Traumatica.—All injuries which make an opening in 
the lens capsule result in opacity of the lens. When the lens fibers come into 
contact with the aqueous, they become permeated by the latter, swell up, 
and break up into layers through a process of cleavage (page 12). When 
the traumatism affects the posterior capsule, the vitreous acts in the same 
way as does the aqueous. 

The opening of the capsule usually occurs through direct injury 
inflicted by means of a punctured or incised wound, through the pene- 
tration of a foreign body, and also designedly through an operation (discis- 
sion). Contusions of the eyeball also, which do not perforate its tunies, 
may cause opacity of the lens. In many of these cases it is likely that rup- 
ture of the capsule, probably in the region of the equator of the lens, is 
caused by the contusion. But it is also a fact that lenticular opacity is 
caused by simple concussion without opening of the capsule. 

The development of cataract after jury of the capsule proceeds in 
the following way: As early as a few hours after the injury the lens is found 
to be clouded in the vicinity of the capsular wound. Soon swollen lens fibers 
protrude through the capsular wound, so as to project under the form of 
gray flocculi into the anterior chamber. Later on these break off and fall 
to the bottom of the chamber. Sometimes the entire chamber is found to 
be filled with the swelling and disintegrating fragments of the lens. While 
these prolapsed masses of lens substance are becoming gradually smaller 
through resorption and finally disappear, new flocculi keep protruding 
through the capsular wound. At the same time the opacity spreads farther 
and farther in the lens itself, so that usually within a few days the lens is 
opaque throughout. In favorable cases the lens may disappear completely 
by gradual absorption, so that the pupil becomes clear and black, and thus 
a spontaneous cure of the cataract takes place. In most cases, however, 
resorption comes to a stop earlier from reclosure of the capsular wound. 
Then opaque portions of the lens still remain in the shrunken capsular sae 
and form a shriveled cataract, which requires an operation for the restor- 
ation of sight. 

The course of traumatic cataract is unfavorable when either inflamma- 
tion or increase of tension is associated with the process. Inflammation is, 
for the most part, like the cataract itself, to be regarded as the direct con- 
sequence of the traumatism, by which the membranes of the eye (particu- 
larly the uvea) either suffer a severe mechanical injury or undergo infection. 
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Then the clouding of the lens and the inflammation (irido-cyclitis) go on at 
the same time. The inflammation leads to the adhesion of the opaque lens. 
to the neighboring parts, especially the iris and ciliary body (cataracta 
accreta), and by this adhesion the operation for the cataract is rendered diffi- 
cult. In the severest cases the inflammation is so violent that alone it is 
sufficient to cause destruction of the eye, either as a result of panophthal- 
mitis or through plastic irido-cyclitis terminating in atrophy of the eyeball. 

Slight inflammations of the iris may also, it is likely, occur secondarily 
as a result of the swelling of the traumatic cataract, owing to which the iris 
is subjected to pressure or to traction. 

Increase of tension may also be caused by a swelling traumatic cataract. 
These cases are not very dangerous if they come under the observation of 
a physician, since the increase of tension can be done away with by timely 
interference (by paracentesis of the cornea, by removal of the lens, or by 
iridectomy). But if such a case is not given the proper treatment, the sight 
is usually destroyed through excavation of the optic nerve. 


Intraumatic cataract it isthe rule that the opacity of the lens becomes total, spread- 
ing rapidly from the site of the wound in the capsule to the rest of the lens. Exception- 
ally, however, cases are observed in which the opacity of the lens remains partial or 
indeed actually disappears again. For this to occur, the capsule wound must be very 
smally so that it closes quickly and the aqueous no longer has access to the lens fibers. 
Most favorably situated in this regard are those capsular wounds that lie behind the 
iris, by the adhesion of which to the wound the latter is very soon closed up. In such 
cases it may happen that a circumscribed opacity remains confined to the site of injury,. 
or, if a foreign body has penetrated the lens, is found only along the track of the wound. 
By resorption of the opaque portions the opacity itself may even in part clear up again. 
Sometimes, too, as a consequence of injury, stellate anterior or posterior cortical cata— 
racts develop which may likewise remain stationary or may even retrogress (see page 537)... 
Vossius has deseribed another kind of transient traumatic opacity of thelens. It occurs: 
after contusion of the eye and consists of a faint gray ring directly beneath the: 
anterior capsule of the lens, which in respect to position and size corresponds to the: 
border of the pupil. The opacity passes off after one or more weeks. The way in whieh 
it is probably produced is that the aqueous as it rebounds presses the border of the 


pupil against the capsule of the lens. 
[A special form of traumatic cataract is that produced by lightning stroke or electric 


shock (page 25).] 


490. (5) Cataracta Complicata.—By this term we mean cataracts occur- 
ring as the result of other diseases of the eyeball. What occurs in this 
case is either an alteration in the character of the nutritive material which 
the lens receives from the tissues surrounding it, or a diffusion through the 
lens capsule of deleterious substances produced by inflammation—the main 
result of such diffusion being that the capsular epithelium is injured. The 
affections of the eyeball most frequently leading to the formation of cata- 
ract are: (a) violent inflammations in the anterior sections of the eye, such 
as extensive suppuration of the cornea (particularly that produced by ulcus 


/ 
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serpens) and irido-cyclitis; (6) sluggish inflammations in the posterior 
sections of the eye, such as chorioiditis (particularly irido-chorioiditis 
chronica), myopia of high degree, retinitis pigmentosa, detachment 
of the retina; (c) glaucoma in the stage of glaucoma absolutum (cataracta 
glaucomatosa). 

The diagnosis that a cataract is complicated may be made in those 
cases where there is a disease of the anterior section of the eye, simply by 
the external examination of the eye. Morbid changes can be made out in 
the cornea or iris, and alsoadhesions between these organs and the cataract. 
But if the pathological changes which have led to the production of opacity 
in the lens appertain to the deeper portions of the eye, they may not be vis- 
ible from the outside. Even in such cases, however, the cataract often, by 
its peculiar appearance, shows that it is complicated. Thus in chorioiditis 
and retinitis pigmentosa, stellate anterior and posterior cortical cataracts 
are found (see page 536) ; and if the cataract is total, it is often distinguished 
by being liquefied or calcified, by the thickening of the capsule, by the pres- 
ence of a yellow or green discoloration, by tremulousness of the lens, ete. 
If the cataract presents nothing exteriorly that points to its being compli- 
cated, the only way in which the diagnosis can be made is by examining 
the perception of light, a thing which should be done in every case. Such 
examination will often demonstrate the perception of light to be deficient 
or altogether wanting in complicated cataract. 

It is of practical importance to recognize the fact that a cataract is 
complicated, because by this fact the prognosis and treatment are influ- 
enced. The prognosis is less favorable than in uncomplicated cataracts, 
both because the operation is more difficult to perform, and because the 
result, as far as sight is concerned, is less successful. Moreover, complicated 
cataracts frequently require that special methods of operation be used. In 
fact, many complicated cataracts cannot be operated upon at all. 


If the two eyes are of a different color (e. g., one has a brown, the other a blue 
iris [heterochromia iridis|) it may happen that a cataract develops in one of them and 
in that case it always develops in the lighter eye of the two. In the absence of other 
causes, this must be regarded as something connected with the lack of pigmentation 
in the lighter eye; it being assumed that a disturbance of nutrition is at the bottom 
of both morbid conditions. It is true that nothing more definite than this is known 
regarding such a disturbance of nutrition; but that it is present is clear from the fact 
that in the lighter-colored eyes we [nearly] always find the evidence of a chronic ey- 
clitis in the form of very minute deposits. [See page 368.] Accordingly, the cataract 
in these eyes 1s to be put under the category of complicated cataracts. [The difference 
in color in these cases may be very slight, one iris being simply a somewhat lighter 
blue or gray than the other, and yet the lighter eye showing pronounced degenerative 
changes while the other remains normal. The cyclitis in these eases is often extremely 
chronic, extending over a number of years, and may begin even several years before 
the difference in color of the irides is noticed.—D. ] 
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D. Treatment of Cataract. 


491. No kind of medicinal treatment is effectual against cataract®, An 
improvement of the sight may be obtained by means of atropine in those 
cases in which the opacity occupies principally the pupillary area of the lens. 
In that case, after dilatation of the pupil, the peripheral transparent portion 
of the lens can be employed for vision. 

The popular remedies and quack remedies which are alleged to have 
been of assistance in cataracts are mostly such as contain belladonna, and 
act favorably upon the sight in the way just mentioned. The improvement 
thus obtained, however, is transient, disappearing as soon as the peripheral 
layers are implicated in the opacity by the progress of the cataract. A cure 
of cataract can be secured only by operative means. The indispensable pre- 
requisite for this is that the light-perceiving parts (retina and optic nerve) 
should be healthy, a matter which is determined by careful testing of the 
light perception (see § 754). 

The methods of operation at our command are mainly discission and 
extraction. Discission is chiefly adapted for the cataracts of young people 
which do not yet contain a solid nucleus [§ 864]. It can be performed in 
every stage of the growth of the cataract, and hence, too, in partial opacities 
ofthelens. Moreover, discission is indicated in membranous cataracts, not to 
effect their absorption, which would be impossible, but to tear a holein them 
(dilaceration) [or cut one (§ 867)]. The indications for extraction will be 
given at the same time with the description of the methods for perform- 
ing it (§§ 869, 870 et seq.). Extraction gives its best results when the 
cataract is ripe. Hence we should put off the operation until this occurs; 
provided always that the other eye also retains sufficiently good sight in the 
meantime. But if the other eye also becomes so clouded that the patient is 
incapacitated from work, the cataract may be extracted even before it is 
fully ripe. Healing then takes place with a good result as in ripe cataract, 
except that layers of transparent cortex are more apt to remain adherent 
to the capsule during the operation. These afterwards become opaque, 
so that a secondary cataract is formed which requires a secondary operation 
(discission). Different operative methods have been proposed to accel- 
erate the process of ripening, among which Forster’s (iridectomy with 
massage of the lens, § 874) is the most employed. 

Cataracts which are congenital or which develop in childhood should 
be operated upon as early as possible. Children can be subjected to the 
operation of discission with good results at the age of a few weeks. If the 
cataract is not operated upon, the development of the retina is arrested and 
amblyopia ex anopsia is produced (§ 568). Consequently, the good result 
STG earae paste that sbsec pion eee chal plotiwone abit and of sueumane tendencies 
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of a cataract operation that is performed at a later date is comparatively 
small so far as vision is concerned. 

In trawmatic cataract our first thought should be to combat the inflam- 
mation which usually follows the injury. Iced compresses are of the most 
service against this impending inflammation, and also against the great 
swelling of the wounded lens. Removal of the opaque lens should not be 
performed at once except when, owing to its own great swelling, it is itself 
the cause of inflammation or of increase of tension. Otherwise, it is better 
to put off the operation until later, lest the inflammatory symptoms be 
aggravated or brought on anew by it. If we wait a long time, often a great 
part of the cataract is absorbed spontaneously, so that instead of extraction 
a simpler operation (discission) can be performed. So, too, in complicated 
cataract associated with inflammatory symptoms we had better await the 
decline of the inflammation before operating, unless imperative indications 
compel us to an earlier performance of the operation. 


Sometimes we operate for cataract even in an eye which has no longer perception 
of light and hence cannot regain any sight—doing this merely for cosmetic reasons 
in order to give the pupil its natural black hue again. 


492. The Aphakic Eye.—An eye which has been operated upon for 
cataract is, in consequence of the loss of the lens (aphakia), hypermetropic 
to a marked degree, and has, moreover, lost its power of accommodation, 


so that distinct vision can be obtained only by suitable convex glasses. [See 
§ 876.] 


Shall we operate upon an eye affected with a mature cataract if the other still 
sees well? In the case when a beginning development of a cataract is already present 
in the second eye this question is evidently to be answered in the affirmative. To 
know whether we shall also operate when the second eye is perfectly healthy and gives 
us no reason to anticipate the formation of a cataract, we must ask what gain the pa- 
tient would derive from a unilateral cataract operation. How is vision performed 
with two eyes, one of which has its lens and the other has not? In that case a very 
great difference exists between the refraction of the two eves—that is, a marked degree 
of anisometropia. Binocular single vision is still possible, but the images are never 
sharp and distinct in both eyes at the same time. The plan that naturally suggests 
itself of correcting the aphakic eye by a corresponding convex glass, and thus making 
both eyes alike, proves to be impracticable’ (see § 794). But, though the patient is 
not able to use the operated eye for distinct vision at the same time with the other, 
he yet derives from it the advantage of an enlargement of the field of vision. In one- 
eyed people the field of vision for the single eye is limited toward one side by the nose, 
while the man who sees with two eyes has a binocular field of vision which stretches 
very far toward both sides. An eye which has been operated upon for cataract further- 
more, even though it never wears a proper convex glass, nevertheless retains all its 
functional capacity, so that it can at once take the place of the other eye in ease that 
should hecome unserviceable. It is, therefore, a reserve for the future. If we had left 
the cats tract with the idea of not operating upon it until something had happened to 

6 [Not always. There have been cases in which the full correction has t 
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the other eye, we might perhaps be obliged to operate upon a very hypermature cata- 
ract under unfavorable conditions. 


For erythropsia following cataract extraction, see page 22. 
II. CHanGEs oF Position oF THE LENS 


493. Anatomical Cause.—Changes of position of the lens always have 
their anatomical cause in changes of the zonula of Zinn. This in the normal 
eye is tightly stretched, and holds the lens so firmly that the latter remains 
perfectly immovable even with the most violent motions of the head. 
Hence, any tremor of the lens, and still more any displacement of it from 
its natural position, presuppose a relaxation of the firmness of this attach- 
ment. Such a relaxation can take place either from a simple elongation and 
loosening of the fibers of the zonula, or else from their rupture or complete 
destruction. Changes of this sort may affect either single portions or the 
entire circumference of the zonula. 


Se race 
Fic, 239.—SuBLUXATION OF THE LENS. SCHEMATIC. 


The lens has sunk so far downward that its upper edge is visible in the pupil. In consequence 
of the relaxation of the zonula, the lens bulges strongly, and is in contact by its lower border with the 
ciliary processes; moreover, the lower half of the iris is pressed forward by it. Above, ou the contrary, 
the anterior chamber, owing to recession of the iris, is abnormally deep. Of the beam of rays emitted 
by the luminous point O, a portion goes through the aphakic part, a, of the pupil; these rays, on ac- 
count of the absence of the lens, are insufficiently refracted, so that they come to a focus behind the 
retina at f, and form upon the retina a diffusion circle, b. That portion of the beam passing through 
the section, J, of the pupil, which contains the lens, undergoes excessive refraction on account of the 
increased convexity of the lens, so that the rays intersect in front of the retina at fi, and form upon the 
retina a diffusion circle, bi. This latter gets to lie below the fovea centralis (and below the diffusion 
circle, b), because all rays passing through the lens undergo a deviation downward on account of the 
prismatic action of the latter. Thus two images of the point O are produced upon the retina. The 
monocular diplopia thus caused is not, therefore, the result of the two sorts of refraction present in 
the area of the pupil, but is the result of the prismatic action of the margin of the lens. 


494. Objective Signs. Subluxation.—The objective symptoms of a 
change of position differ according as the lens is only displaced a little (sub- 
luxation), or has left its place in the fossa patellaris altogether (luxation). 

(a) Subluxation may consist in the lens’ being a little tilted, so that 
one edge of it looks somewhat forward, the opposite one somewhat back- 
ward. This is recognized from the unequal depth of the anterior chamber. 
Another sort of subluxation is produced by lateral displacement of the lens, 
so that it no longer lies in the center of the fossa patellaris. In this case, 
too, the anterior chamber is unequally deep. If, for example, the lens is 
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~ somewhat depressed, the anterior chamber would be found to be deeper in 
its upper half, shallower below (Fig. 239). Furthermore, when the pupil 
is dilated (and, if the displacement is marked, without this) we can see the 
edge of the lens. This, in the example above selected of depression of the 
lens, would run transversely across the pupil, forming an arch which is con- 
vex upward. That part of the pupil which is situated above it, and which 
has no lens (Fig. 239, a) would be a deep black, while the lower part (() 
which contains the lens would be faintly gray. This arises from the fact 
that even the most transparent lens reflects some light. Really, therefore, 
the normal pupil is not perfectly black, but of a very dark gray—a fact 
of which one can convince himself in those cases in which, through displace- 
ment of the lens, one part of the pupil is aphakic, and therefore is of a 
pure black. 

In both cases—that is, when the lens is tilted and when it is laterally 
displaced, conditions which are often combined—there occurs in movements 
of the eye tremor of the inadequately attached lens and with the lens of the 
iris also (iridodonesis). 


A transparent, luxated lens looks differently, according as we regard it by re- 
flected or transmitted light. By reflected light the lens appears faintly gray, and its 
edge has a golden luster, almost as if it were a self-luminous body. This is so because 
the rays of light that come from in front and enter the marginal portions of the lens 
undergo total reflection at the posterior surface of the latter; for at this spot they pass 
from a denser medium (the lens) into a rarer medium (the vitreous), and hence are 
refracted away from the normal of incidence; but as, in consequence of this, they fall 
very obliquely upon the posterior lenticular surface at the edge of the lens, they un- 
dergo total reflection. They acccrdingly do not continue their course into the inte- 
rior of the eye, but return to the observer, who therefore sees the edge of the lens shine. 
By transmitted light—in examining with the ophthalmoscope—the edge of the lens 
for the same reason appears black, because the light that is reflected from the fundus, 
wherever it traverses the lens near its edge, is so greatly deflected by the strong pris- 
matic action of the latter toward the opposite side of the lens, that it fails to reach the 
eye of the observer, in case he is stationed straight in front of the eye. Hence the bor- 
der of the lens appears unillumined. But if the observer’s eye is made to pass slowly 
toward the side of the lens opposite the unillumined edge, a point is finally reached 
where the rays pass that are transmitted through this edge; and then the latter appear 
of a shining red, while the rest of the lens appears unillumined (Dimmer). 

In making an examination with the inverted image, we may often, in case of 
dislocation of the lens, see some portion of the fundus—e. g., the papilla—double, and 
for the same reason that the affected eye itself sees external objects double. 


495. Total Luxation.—(b) Luxation of the lens consists in its leaving 
the fossa patellaris altogether, either by prolapsing into the anterior cham- 
ber or by receding into the vitreous. 

A lens luxated into the anterior chamber is readily recognizable from its 
shape. This is more convex than usual because the lens is no longer kept 
flat by the tense zonula. It therefore assumes its maximum convexity, as 
it does upon the strongest effort of accommodation. If the lens is transpar- 
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ent, its edges appear like a curved line of golden luster, so that it looks as 
if a great drop of oil were lying in the anterior chamber. The anterior 
chamber is deeper, especially below, where the iris is pressed backward by 
the lens. 

Luxation of the lens into the vitreous occurs more frequently than lux- 
ation into the anterior chamber. The anterior chamber then is deep because 
of the recession of the iris, which is tremulous. The pupil is of a pure black. 
The lens, itself, if opaque, may sometimes be recognized deep down even 
with the naked eye; in most cases, however, the ophthalmoscope is required 
in order to discover it. It is either attached to some spot of the fundus by 
means of exudates, or it floats about freely in the vitreous (cataracta natans). 


Fie. 240.—LvuxaTIon OF THE LENS INTO THE ANTERIOR CHAMBER. Magnified 5 X 1. 


The lens lies in the anterior chamber and moreover is displaced toward the right side (in the draw- 
ing), so that here, on the one hand, it abuts against the posterior surface of the cornea, and, on the other 
hand, against the ciliary body, the iris being interposed between it and the latter. The pupillary por- 
tion of the iris everywhere is jammed against the posterior surface of the lens and thus the posterior 
is cut off from the anterior chamber. On the other side of the lens the iris is pushed forward and bent 
at an angle by the aqueous which has accumulated in the posterior chamber. 


If the lens has prolapsed into the anterior chamber, it produces through irritation 
of the iris a spasm of the sphincter iridis. The pupil consequently contracts, so that 
the return of the lens into the posterior chamber is cut off. It may even happen that 
on account of this spasm the lens is held tight at the moment when it is endeavoring 
to make its way through the pupil into the anterior chamber. The tens is then jammed 
in the pupil, and consequently violent symptoms of irritation are at once set up. But 
there are also cases in which the lens can slip through the pupil so easily that it is found 
sometimes in front of, sometimes behind, the iris. Sometimes the patient is able to 
produce this change of place voluntarily. He can bring the lens into the anterior cham- 
ber by bending ‘his head forward and shaking it, while to bring the Jens back again 
behind the iris he has to lie upon his back. In this case, of course, we are always deal- 
ing with lenses of diminished diameter, which can pass through the pupil without diffi- 
In some instances such movable lenses are still attached to the zonula, which 


culty. ) 
4 If in such a case we were obliged to extract the lens, we 


is then greatly elongated. t 8, 
would first bring it into the anterior chamber by the appropriate manoeuvre, Then 
st bring 


if we cause the pupil to contract behind the lens by employing a miotic, WE wee as 
it were, imprisoned the lens in che anterior chamber, and will be able under lias 
circumstances to remove it with ease. However, these cases in inne oe nia 
such a great capacity for making excursions belong to the rare no loa = es 
is. that a lens luxated into the anterior chamher stays there, and, te poe ae : 
me violent inflammation which it excites, becomes attached by exudates to the cornea 


and iris. 


556 TEXT-BOOK OF OPHTHALMOLOGY 


496. Subjective Symptoms.—Every dislocation of the lens entails a 
considerable disturbance of vision. If the lens still lies within the pupillary 
area, the eye becomes very myopic, because owing to the relaxation of the 
zonula the lens assumes its maximum convexity. Added to this is a con- 
siderable degree of astigmatism, arising from the fact that the lens, either 
from being tilted or being laterally displaced,’ refracts the light with 
unequal strength in the different meridians (regular astigmatism); or the 
refractive power may even vary in different sections of the same meridian 
(irregular astigmatism). The astigmatism attains its maximum when the 
lens is so greatly displaced that its edge is visible in the pupil, the latter 
thus consisting of a portion which does, and one of which does not, contain 
the lens. In such a case, moreover, double vision—monocular diplopia— 
is present; for the marginal portions of the lens act like a prism, whose 
refracting edge corresponds to the equator of the lens. By reason of this 
the rays passing through the lens are deviated, so that two images (b and b,, 
Fig. 239) of one object (O) are formed upon the retina. Neither of these is 
distinct. The image (b) produced by the aphakic portion of the pupil cor- 
responds to that formed by a very hypermetropic eye, and would require a 
convex lens to make it distinct. The image (b;) appertaining to that part of 
the pupil which contains the lens is that of a myopic eye, and could be made 
distinct by means of a concave lens. Furthermore, disturbance of vision 
may be produced by the development of opacity in the subluxated lens. 

In luxation of the lens into the vitreous the eye acts like an aphakie one, 
and, if no further complications are present, sees well with the correcting 
convex glasses. Indeed, in the old method of cataract operation by depres- 
sion, a luxation of the lens into the vitreous was produced designedly in 
order to increase the sight. 


The disturbance of vision which develops in subluxation of the lens, so far as it 
consists of myopia and regular astigmatism, can be corrected by glasses, but the irreg- 
ular astigmatism cannot be. If the dislocation of the lens is so great that a part of 
the pupil is aphakic, we have the choice of correcting either the aphakie portion of the 
pupil with a convex glass or the portion of the pupil that contains the lens with a eon- 
cave glass. We recommend to the patient the form of correction which gives the better 
sight. Sometimes, for the sake of better correction, it is indicated to enlarge the aphakie 
portion of the pupil by an iridectomy, and so make the eye like one destitute of a lens. 


497. Sequelze.—Dislocations of the lens usually entail secondary con- 
sequences which may be extremely disastrous to the eye. Subluxations 
often in time change into complete luxations, the vibrating lens constantly 
pulling upon the zonula and gradually causing it to atrophy. While sub- 
luxated lenses often remain transparent for a long time, luxated lenses usu- 
ally soon become opaque. Moreover, dislocated lenses are often opaque to 
start with, this being particularly the case in spontaneous luxations. The 


7 (Or from being unequally relaxed (in cases of partial rupture of the zonula).—D. ] 
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worst complications are irido-cyclitis and increase of tension (secondary 
glaucoma). The most dangerous form of luxation of the lens is that into 
the anterior chamber. In this case the cornea becomes opaque wherever 
the lens is applied to its posterior surface, and the eye, for the most part, 
undergoes speedy destruction through irido-cyclitis or increase of tension. 
On the other hand, luxation of the lens into the vitreous is the form best 
tolerated, especially if the lens, as time goes on, becomes smaller through 
resorption. In fact, in the depression of cataract, one used to count upon 
this tolerance of the eye toward the lens when depressed into the vitreous. 

498. Etiology.—With respect to etiology a distinction is made between 
congenital and acquired dislocations of the lens. _ 

(a) Congenital dislocations consist in a lateral displacement (subluxa- 
tion) of the lens, which is known as ectopia lentis (Fig. 241). The displace- 
ment is caused by the fact that the zonula is of 
unequal width in different directions. Most fre- 
quently the lens is found to be displaced upward, 
the fibers of the zonula being shortest above, 
longest below. For the most part, too, the volume 99. 241-"Ectoria Puriuts 
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of the lens is somewhat smaller. In after years The pupil is pretty wide 
the ectopia usually increases, and even passes over oe SPE RES 
into a condition of total luxation. Ectopia of the RE elfen web eee 
the lens is ordinarily present in both eyes and fics aeudy, sacle es 
symmetrically in both. Very often it is of heredi- oitiny Raeare repre 3 
tary origin. pupil, that is, nasally. 

(b) The acquired dislocations of the lens develop either as the result of 
trauma or spontaneously. Traumatic dislocations are principally caused by 
contusion of the eyeball (for the mechanism of the luxation, see page 442). 
Every variety of subluxation and luxation may be thus produced, according 
as the zonula is simply torn into or is entirely torn through. If the tunics 
of the eye are ruptured, the lens may even be expelled entirely from the eye. 
Among traumatic luxations in the more extended sense of the word may be 
reckoned those which develop when perforation of a corneal ulcer takes 
place very rapidly; in this case if the perforation is only large enough, the 
lens may even be discharged through it externally. Spontaneous disloca- 
tions take their origin from a gradual softening and disintegration of the 
zonula. The lens then owing to its weight sinks gradually deeper and 
deeper, and at length undergoes complete prolapse into the vitreous. The 
atrophy of the zonula develops as a result, of liquefaction of the vitreous, 
and hence occurs especially in myopia of high degree, in chorioiditis, and in 
detachment of the retina. Again, the shrinking of a hypermature cataract 


may cause stretching of the zonula with consequent atrophy of it, and thus 
of the lens, se that the sight which has 


give rise to spontaneous dislocation 7 
been abrogated by the cataract is restored without an operation. If for any 
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reason the zonula is already atrophic, the final impulse leading to total lux- 
ation is frequently afforded by a very insignificant traumatism—in fact, 
even by bending over, sneezing, etc. 

Spontaneous dislocation of the lens not infrequently occurs in ectasi@ either of the 
eyeball as a whole or of its anterior segments—hence in hydrophthalmus, in staphylo- 
mata of the cornea, and in anterior staphylomata of the sclera. The luxation takes 
place because, as a result of the bulging out of the wall of the eyeball, the space be- 
tween the edge of the lens and the ciliary body becomes enlarged, so that the zonula 
is stretched and finally atrophies. It may even happen that the lens has become adhe- 
rent to a corneal cicatrix, so as to become more and more tilted as the cicatrix expands. 
So, too, the lens is sometimes drawn out of its place by exudates in the vitreous, which 
attach themselves to its posterior surface and afterward shrink. Lastly, the disloca- 
tion of the lens due to tumors (gliomata and sarcomata) pressing upon it (Fig. 192) 
may be also mentioned in this connection. 


499. Treatment.—Treatment in those cases in which the dislocation of 
the lens entails no further injurious consequences besides the disturbance of 
vision, consists in the prescribing of suitable glasses. In those cases in which 
the symptoms of irido-cyclitis or of secondary glaucoma are caused by the 
displacement of the lens, extraction of the latter, if feasible, is indicated. 
Extraction is most readily performed in luxation of the lens into the ante- 
rior chamber; in this case, too, it is absolutely required, since otherwise the 
eye is lost. In subluxation, the removal of the lens is often difficult or even 
miscarries altogether, because prolapse of the vitreous occurs on account of 
the defective structure of the zonula. Discission of a subluxated lens may 
be tried, but it is not often successful, because the lens, being imperfectly 
attached, gives way before the discission needle. [For extraction of a lens 
floating in the vitreous see § 879.] In cases in which the removal of the lens 
is difficult or impossible, all we can do is to combat the inflammation or the 
increase in tension by means of an iridectomy. If an eye which is already 
blind is the seat of inflammation and pain due to luxation of the lens, enucle- 
ation is the best means of relieving the pain and averting the danger of sym- 
pathetic affection of the other eye. 


CONGENITAL AND OTHER ANOMALIES OF THE LENS 


500. [Congenital anomalies of the lens include congenital cataract (page 545) and 
dislocation (ectopia lentis—page 557). Furthermore, whether ectopic or not, the lens 
may be smaller as a whole (microphakia) or may show a partial defect (coloboma len- 
tts), which may take the form of a notching, a flattening of the edge, or an elongation 
and compression of the lower end of the lens. Coloboma of the lens is often associated 
with coloboma of the chorioid or iris.—D.] 

Lenticonus is a rare, usually congenital anomaly of the lens, which presents a coni- 
cal prominence upon its anterior or posterior surface (lenticonus anterior vel posterior). 

[The zonule of Zinn may present congenital (usually triangular) defects (coloboma 
of the zonula),—D.] 


4) 


CHAPTER IX 
DISEASES OF THE VITREOUS 


ANATOMY 


501. Tue vitreous (corpus vitreum) is a transparent, colorless, gelat- 
mous mass which fills the posterior cavity of the eye. On its anterior aspect 
it has a depression (the fossa patellaris), in which rests the posterior surface 
of the lens. By its other aspects the vitreous is applied to the inner surface 
of the ciliary body and the retina. 

The vitreous consists of a clear liquid substance inclosed in the meshes 
of an equally transparent reticulum—the framework of the vitreous. In the 
fetal eye the vitreous is traversed from behind forward by a canal, its cen- 


~ tral canal (canalis hyaloideus, canalis Cloqueti), which begins at the papilla 


of the optic nerve and extends to the posterior pole of the lens, and in which 
runs the hyaloid artery. In the fully developed eye this canal probably 
serves as a lymph channel (see page 16). 

The vitreous contains cells, vitreous cells, which have a varying 
(rounded or branched) shape, and are found particularly in its outer layers. 
They are to be regarded as emigrated white blood corpuscles which have 
travelled into the vitreous (Schwalbe). 

It is only in the fetus that the vitreous has vessels, which are found in 
its outer layers (see page 392). In the 
fully developed eye the vitreous is desti- 
tute of vessels, and hence is dependent 
for its metabolism upon the surrounding 
tissues, principally the uvea. Accord- 
ingly, affections of the inner membranes 
of the eye, such as retinitis and chorio- 
iditis, always result in an implication 
of the vitreous. 

Of the hyaloid artery normally the only 
thing that is left in the newborn infant is a 
short and slender cord, which, moreover, dis- 
appears during the first year of life. Excep- 


tionally, however, larger remnants of the artery 
3 4 Ty fie * ; [Fia. 242,—Prrsistent HyaAtorp ARTERY 
remain for life. A persistent hyaloid artery ordi (Lang and Collins). From Norris and Oliver. 


narily appears under the form ofa gray filament Shrunken globe in which a tag of a persist- 
that stretches from the papilla out into the ent hyaloid artery was found adherent to the 
optic nerve on pathological examination.—D.] 


vitreous, and may even reach to the posterior 

pole of the lens. In typical cases it is possible tu demonstrate the connection between 

the filament and the central vessels that emerge at the papilla, and in this demonstra- 

tion is found the surest means of distinguishing between this remnant of fetal life and 
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pathological opacities of the vitreous, which may in other respects have a similar shape 
and position. Sometimes instead of a filament a wider tubular structure is observed, 
extending out from behind forward in the axis of the vitreous. This represents the hya- 
loid canal (also called Cloquet’s canal), whose walls, owing to some abnormality in their 
structure, are visible with the ophthalmoscope. This congenital anomaly, as well 
as the persistent hyaloid artery, is frequently associated with opacities in the posterior 
portions of the lens (posterior polar and cortical cataract). In many animals —e. g., 
in the frog and in many snakes and fishes—the vessels of the vitreous persist during 
life. 
DISEASES OF THE VITREOUS 


502. (1) Opacities.—These are sometimes small and sharply circum- 
scribed, sometimes of large size. The former, which make their appearance 
under the form of dots, flocculi, threads, or membranes, are what are called 
opacities of the vitreous in the narrow sense (opacitates corporis vitrei). The 
patient himself perceives them entoptically, seeing black specks of various 
shapes (musce volitantes) floating before his eyes (myodesopsia).! In addi- 
tion, there is a diminution of the visual acuity, which is the more pronounced 
the more marked the opacities are. 

The cause of opacities of the vitreous are generally exudates deposited 
there in the course of inflammations of the uvea or retina; but hamor- 
rhages, taking place from the vessels of these menbranes into the vitreous, 
either spontaneously or as the result of injuries, may also give rise to opac- 
ities of the latter. 

The prognosis depends upon the size and the age of the opacities. 
Recent opacities of the vitreous may be absorbed, so that the vitreous 
becomes perfectly clear again. Old opacities, on the contrary, usually resist 
all treatment. As regards extravasations of blood, the smaller ones may be 
completely absorbed, but large-sized ones [nearly| always leave considerable 
and permanent opacities. : 

The treatment, which [generally| is successful only in recent cases, con- 
sists in the employment of remedies which accelerate absorption. Among 
these are potassium iodide or other remedies containing iodine [especially 
syrup of hydriodie acid (De Schweinitz)], mercury, diaphoreties, and mild 
purgatives. Of the last named, saline purgatives, especially the saline min- 
eral waters—e. g., of the Kreuzbrunnen of -Marienbad—are particularly 


employed. Repeated paracentesis of the anterior chamber may also be of 
service by stimulating the tissue metamorphosis of the eye; and subeon- 
junctival injections of a 5- to 10-per-cent salt solution (one-half or a whole 
syringeful) [or of mercury oxycyanide| act in the same way. [In a recent 
vase of vitreous hemorrhage, rest in bed, kept up for several days is very 
important, and, if the haemorrhage is due to injury, iced applications should 
be added. Dionin is also sometimes helpful. If the patient is ansemic iron 
should be given. Constipation should be relieved, the diet regulated, and 


1 From puia, a fly, and dys, vision; hence properly written myiodesopsia 


a 


' are usually better perceived by myopic eyes. 
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any remote source of infection sought for and removed. In arteriosclerosis 
the blood pressure should be reduced when this can be done safely. The 
iodides and other absorbent remedies mentioned above should be kept up 
for a long time. If this is done, sometimes old and even massive hemor- 
rhages may be absorbed.—D.] é 

[In persistent bleeding the subcutaneous injection of a 2-per-cent solu- 
tion of gelatin or of defibrinated human blood may be tried (Leber). —D.] 

Large-sized exudates which sometimes fill the vitreous originate in 
severe inflammations of the ciliary body, retina, and chorioid (see page 415, 
et seq.). They may be seen, if the media are otherwise clear enough, by 
lateral illumination under the form of gray or yellowish masses situated 
behind the lens. The plastic exudates become organized, shrink up, and 
thus lead to atrophy of the eyeball, while the purulent exudates for the 
most partare transformed into a panophthalmitis, i. e., are discharged exter- 
nally after perforating the sclera, and terminate in phthisis bulbi. 


The embryonic vitreous contains a great abundance of cells, and is hence opaque. 
The cells afterward disappear, but opaque remnants of them remain in the vitreous, 
and may be perceived entoptically as musce volitantes. These physiological opacities 
of the vitreous appear under the form of transparent filaments or of strings of pearls 
or of small flocculi, which move not only with the eye, but also spontaneously. We see 
this very readily if we look suddenly upward and then hold the eye still, when the 
opacities sink slowly down. They are thus distinguished from the entoptic images 
which are produced by opacities in the lens, as these always remain in the same place 
in the field of view. Physiological muscz volitantes are not at all obvious, so that 
most men are not aware of their existence in their eyes. To perceive them we look 
at a uniformly illuminated surface—for instance, the sky—through a stenopzic aper- 
ture (a minute hole made by sticking a needle through a piece of black paper). They 
As soon as such musce volitantes be- 
come so distinct as to continually force themselves upon the attention and to become 
troublesome to the patient, they excite the suspicion of their being pathological opaci- 
ties of the vitreous. To discover them the ophthalmoscope is used. : 

When the opacities are faint, it is necessary to use a plane mirror and place behind 
it a strong lens in order to enable us to get as near as possible to the eye we are exam- 
ining. Generally, too, artificial dilatation of the pupil is required, [Opacities of the 
vitreous are often best seen by the direct method, convex glasses of different strength 
being successively used so as to bring into view the opacities at different depths. From 
the strength of the glass that makes an opacity distinct, an ApOLomImAle idea can be 
formed of the actual distance of the opacity in front of the retina.—D.] Seen with the 
ophthalmoscope, opacities of the vitreous appear like dark dots or filaments or mem- 
branes floating about in the vitreous. Very minute Op Arcind afford the picture of an 
extremely fine stippling of the vitreous (“vitreous dust ). If the opacities are still 
more minute, they can no longer be perceived as discrete points; nothing but a uniform 
obscuration of the fundus is observed (diffuse opacity of the vitreous). The more 
numerous the opacities are the more hazy the fundus appears, the pupil at the same time 


' looking redder than usual (as any bright background appears red behind a cloudy 


medium—e. g., the rising sun on a cloudy morning). With very dense opacities, nothing 
is got with the ophthalmoscope but a feeble red reflection from the pupil, or the latter 


may even be perfectly dark. 
36 
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In synchysis scintillans particles are seen that look like golden spangles floating 
about in the vitreous, and which fall like a shower of gold to the bottom of the eye when 
the eye is held still. These are formed of crystals whose surfaces being smooth reflect the 
light strongly. They usually consist of cholesterin, sometimes also of tyrosin, margarin, 
and phosphates. These crystals are sometimes found in eyes that are otherwise healthy 
(especially in elderly people), without causing any essential disturbance of vision. 

[Pathological] opacities are the remains of exudates. The more minute opacities 
consist of masses of cells or pigment granules or filaments. The larger exudates, so 
far as they do not undergo resorption, become organized into membranes, cords, or even 
pretty large masses of connective tissue. In this way a new formation of blood-vessels 
may even take place, which run from the retinal vessels into the vitreous, and can be 
made out there by means of the ophthalmoscope. Exudates in the vitreous do not 
originate in the latter itself, but from an inflammation of the membranes (uvea and 
retina) surrounding it. The disturbance of vision which is set up by a recent cyclitis, 
chorioiditis, or retinitis, is in large part attributable to the opacity of the vitreous, 
which is present at the same time. Primary inflammation (hyalitis) of the vitreous, 
which not only is devoid of vessels, but also contains scarcely any cellular elements, 
cannot be assumed to exist. 

Opacities also form as the result of hemorrhages into the vitreous. These occur 
after injuries and also spontaneously in chérioiditis, retinitis, and myopia of high 
degree, and, furthermore, are not infrequent in old people with atheromatous vessels. 
Sometimes, too, in eyes which are otherwise healthy hemorrhages into the vitreous 
are observed, which appear spontaneously, recur repeatedly, and permeate the vit- 
reous so thoroughly that even quantitative perception of light is abrogated. This 
affection, which is often associated with demonstrable retinal hemorrhages, is observed 
chiefly in young men, sometimes in conjunction with frequent attacks of epistaxis. In 
some cases tuberculous disease of the sheaths of the retinal vessels has been shown by 
dissection to be the cause of the trouble. [It is due often to tuberculosis and occasion- 
ally to oxaluria (Leber); and constipation (Eales) and even minor errors of diet (Ziegler) 
have been held responsible.-—D.] It the hemorrhages recur often, the vitreous never 
clears up perfectly, but masses of connective tissue ultimately form in it which may 
vascularize, and detachment of the retina may occur. The sight is thus seriously and 
permanently affected or even absolutely annihilated (cf. Retinitis Proliferans, page 582 
and Fig. 256). 

After extensive opacities of the vitreous there may oecur a brownish or greenish 
discoloration of the iris, due to the diffusion of blood coloring-matter. 


. . . * )* . . . / 
The disturbance of vision caused by opacities of the vitreous is determined by 


their total amount. Isolated floceuli in the vitreous may coexist with normal visual 
acuity. When the opacities are numerous, the statement is often made by the patients 
that their sight shows great variations within short periods of time. This fact is 
also noticed when tests of the vision are made, While at first the patient, when placed 
before the card with the test types, does not begin to see the large letters, he can some- 
times distinguish even the small letters after he has had his gaze fixed upon them for 
a pretty long time. Then all at once he sees much worse again. This comes from the 
mobility of the opacities, which, when the gaze is kept steadily fixed for a long time, 
sink to the bottom of the vitreous, so that the central portion of the latter becomes 
clear; then any great movement of the eye stirs them up again. 


503. (2) Liquefaction of the Vitreous (Synchysis? Corporis Vitei).— 
When observing opacities of the vitreous with the ophthalmoscope, we see 


2 From ovy, together, and xéw, I pour. 
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that most of them float about freely in the vitreous. It follows from this 
that the framework of the vitreous must have been destroyed, so that this 
body itself is converted into a perfectly liquid mass. In operations we often 
have an opportunity of directly convincing ourselves of the liquefaction of 
the vitreous, which we see flowing out under the form of a viscid, usually 
yellow-colored liquid. Liquefaction of the vitreous occurs as a simple senile 
change, but when of greater extent it is the result of disease of the adjacent 
membranes, which are concerned in maintaining the nutrition of the vitre- 
ous—that is, it occurs chiefly in disease of the ciliary body, also in retinitis, 
chorioiditis, myopia of high degree, ectatic eyes, ete. 

The most important consequence of liquefaction of the vitreous con- 
sists in the gradual diminution in volume, which the altered vitreous may 
undergo and which manifests itself in a diminished tension of the eye.» In 
such cases, detachment of the retina and afterwards even atrophy of the eye- 
ball may supervene. Another consequence of the liquefaction of the vitre- 
ous is that the zonula becomes softened and atrophic. By this a tremulous 
condition of the lens, and later on even its spontaneous dislocation are pro- 
duced. , 

504. (3) Foreign Bodies in the Vitreous.— These usually excite violent 
inflammation—irido-cyclitis or panophthalmitis—by which the eye is 
destroyed. In exceptional cases it happens that a foreign body is tolerated, 
so that it may be seen for years, either free or enveloped in an exudate, 
within the otherwise clear vitreous. Even in these cases, however, inflam- 
mation may still set in, even after a long time has elapsed, and destroy the 
eye. Foreign bodies which have but recently entered the vitreous we try to 
remove as soon as possible. The chief ones that afford a prospect of doing 
this successfully are chips of iron, since magnets may be employed for their 
removal (see § 881), while the removal of other foreign bodies is usually 
effected only by a happy accident. If violent inflammation has already set 
in, there is usually nothing left to do but to perform enucleation to avert a 
sympathetic affection. 

Among foreign bodies in the broader sense may also be reckoned lenses 
luxated into the vitreous and also the cysticercus, both of which, like foreign 
bodies in the proper meaning of the word, give rise to severe infiammation. 
The cysticercus may be removed by a section made in the sclera. If this is 
not done in season, or not done successfully, the eye is gradually destroyed 
by irido-cyclitis, and eventually has.to be enucleated on account of the con- 


stantly occurting inflammatory attacks. 


The entozoa occurring in the vitreous are the filaria, the echinococcus, and the cysti- 
cercus cellulose. Of the two former but very few cases have so far been known. The 
was formerly frequent, but now, thanks to better meat inspection, has also 


cysticercus 5 : 
é 3efore a patient can have a cys-~ 


become ararity. It is the scolex of the Teenia Solum. 
ticercus, the eggs must first get into his stomach. This may take place from the fact 
S, s 
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that the patient himself harbors in his intestine a tenia, joints of which find their way 
into his stomach. Here they are digested and the eggs contained in them set free. Most 
patients, however, who suffer from the presence of a cysticercus do not have a tenia 
‘themselves. Hence, the eggs of the tenia must get into the stomach from outside along 
with the food (most frequently with the drinking water). In the stomach embryos 
develop from the eggs, having hooklets, by means of which they penetrate the stomach 
walls and get into the blood-vessels. The blood current then carries them into dif- 
ferent parts of the body, where they again leave the vessels, bore into the tissues, and 
there grow into cysticerci. In the eye the cysticercus most often gets into the vessels 
of the chorioid and when it leaves there passes at once beneath the retina, detaching 
it from the chorioid (see Fig. 261).- When it has reached a certain size it perforates 
the retina and gets into the vitreous. But the cysticercus may also find its way intoa 
vessel of the retina or the ciliary body, and from there may enter the vitreous directly, 
without a preceding detachment of the retina. In the vitreous the cysticercus becomes 
visible as a bluish-white bladder. If the head and neck are drawn in, they appear 
under the form of a brilliant white spot; but if they are protruded they can be recog- 
nized quite distinctly, and it is even possible to make out in the head the suctorial 
disks and the crown of hooklets. The animal makes spontaneous, often very active, 
movements. It is rare, however, for the cysticercus to be seen with perfect distinct- 
ness when in the vitreous. For opacities very soon form in the shape of membranes, 
which so envelop it that nothing can be discerned through them but a dense white 
mass. In such cases thediagnosis of a cysticercus is difficult, and can indeed be made 
with certainty only when upon long and attentive observation we make out the exist- 
ence of spontaneous movements taking place in the white structure. Ultimately the 
eye undergoes destruction from irido-cyclitis. 

505. (4) Detachment of the Vitreous.—This consists in the accumulation of liquid, 
either in front of it between the lens and vitreous, or behind it between the vitreous and 
retina. (In the region of the ciliary body the vitreous is so firmly adherent that it never 
becomes detached.) Such detachment is much more rare than was formerly supposed, 
when observers were misled by the presence of artefacts produced by the hardening of 
the specimens (Greef, Elschnig). 

506. (5) Congenital Anomalies.—[The congenital anomalies of the vitreous include 
the persistent hyaloid artery (page 559) and coloboma of the vitreous. The latter is a 
notch in the lower part of the vitreous, sometimes extending all the way from the optic 
disk to the ciliary body. It is caused by the projection of vascular eonnective-tissue 
strands into the interior of the eye.—D.] 


\ 


CHAPTER X 
DISEASES OF THE RETINA 


ANATOMY AND PuystoLoay \ 


507. Tie retina is a thin membrane which in the living eye is perfectly 
transparent and of a purplish-red color. This latter depends upon the vis- 
ual purple contained in the rods (Boll). After death the retina becomes 
very rapidly opaque, and, as at the same time the visual purple is bleached 
out under the influence of light, the retina in the eye of a cadaver appears 
under the form of a very frail white membrane. In the living retina, too, 
pathological changes manifest themselves at once bya loss of transparency, 
just as is also the case with the other transparent tissues like the cornea, 
lens, and vitreous. Thanks to this property, we discover even minute alter- 
ations in these organs very early. 

There are two points that are particularly prominent in the retina when 
in situ. One is a small white disk, which lies to the inner side of the poste- 
rior pole of the eye, and from which the vessels of the retina emanate; this 
is the point of entrance or head of the optic nerve, the papilla nervi optici. 
The second spot occupies precisely the posterior pole of the eye, and is dis- 
tinguished by its faint yellow color. It is hence called the yellow spot, the 
macula lutea. In its center is found a small depression, the fovea of the 
retina, or fovea centralis (f, Fig. 144). 

A striking anomaly, which by tyros is frequently considered pathological, is the 
presence of medullaled nerve fibers in the fiber layer of the retina. The normal retina is 
perfectly transparent, because the optic-nerve fibers lose their medulla before travers- 
ing the lamina cribrosa, and hence when inside of the retina itself are transparent; but 
in exceptional cases after traversing the lamina cribrosa they regain their medulla 
for more or less of their extent. (In many animals—e. g., in rabbits—this is the rule.) 
Since the medullated fibers are opaque, there is found in these places a brilliant-white 
spot adjoining the edge of the papilla and.splitting at its periphery into white fibers, 
so as to have a flame-like look. Such spots are found most often at the upper and 
lower borders of the papilla (Fig. 243), but may surround the papilla completely, in 
which case the latter, by contrast, appears of a strikingly dark red, In rare cases white 

“spots, formed of medullated fibers, lie within the papilla itself or conversely far from it 
in the transparent retina. The retinal vessels are in places covered by the masses of 
white fibers. The vision of such eyes is often reduced, and Mariotte’s blind spot enlarged. 
[Yet many cases have normal vision, nor does the presence of medullated nerves neces- 
sarily cause a corresponding enlargement of the blind spot (Leber). ‘This anomaly, 
though often called congenital, is not so in fact. See page 41.—D.| 


508. If we try to lift the retina from: the subjacent chorioid by means 
of a forceps, we see that it is connected with its bed only at two places. 


One of these is the head of the optic uerve, the other is the anterior border 
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of the retina. The latter is formed by a zigzag line, and hence bears the 
name of ora serrata (0 0, Fig. 144). Thesame line also represents the boundary 
between the chorioid and ciliary body, and extends farther forward on the 
nasal than on the temporal side. Except at the two spots Just named, the 
retina everywhere simply lies upon the chorioid without being attached toit. 

A histological examination of the retina shows that it arises from the 
optic nerve, the fibers of which spread out in all directions and form the 
innermost layer of the retina, the fiber layer (Figs. 24, 1)[ 244 B, X]. The 
most external layer, that of the rods and cones (Fig. 24, 8) [Fig. 244, IJ], 


Fie. 243.—MeEpu.iatep Nerve Fisers. (After Jager.) 


The papilla shows in its center a whitish coloration, representing the physiological excavation. 
The temporal border of the papilla is surrounded by an irregular chorioidal ring, while the upper and 
lower borders are concealed by the white fibrous masses that arise from them. These in places cover 
the retinal vessels, and especially the two arteries running outward and downward. At their periph- 
eral borders the white masses break up into fibers. 
is the light-perceiving stratum of the retina. For the rays of light to get to 
it, they must pass through all the other layers, since these are placed in front 
of it. Vision, therefore, can be perfect only when these layers are absolutely 
transparent, so that light undergoes regular refraction on its way to the 
most posterior (most external) stratum. All opacities of the retina conse- 
quently affect the sight, even though the terminal percipient elements may 
be perfectly healthy. 

With regard to the minute structure of the retina, which is very 
complicated, reference must be made to the text-books of anatomy and 
histology. It need only be mentioned here that the retina is composed of 
two kinds of tissue, the nervous tissue and the supporting tissue. The 
function of the latter is to maintain and support the extremely 
delicate nervous tissue in the proper position, and also to insulate 
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the nervous elements from one another. The relative proportion of the 
two tissues changes in inflammation and particularly in atrophy of the 
retina, the nervous elements being destroyed while the supporting tissue 
becomes increased in quantity, so that the retina ultimately consists 
entirely of the latter. 
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Adjacent to the chorioid. 
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Neuro-epithelial layer. 
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Brain Layer. 


Adjacent to the vitreous. 
{Fre. 244.—ScueMe or THE StRucTURE Of THE HumAN Retina. (After Souter in Posey and Spiller.) 


A. Horizontal section, hematoxylin stain. I. Pigment epithelial layer. a a bee agree and 
cones: a, external; 6, internal elements. III. External limiting membrane. ; epee molecu- 
1: eer c, fiber layer. V. External grarular layer. VI. Internal molecular layer: d, ees 
us a supporting fibers of Miiller; f, nuclei of the same. VII. Internal granular layer. VIII. 
Layer of ganglion cells. IX. Nerve-fiber layer. X, Internal limiting Tan ean Peete es" 

“ _B. Demonstration after the method of Golgi. I. Pigment epithelia aye re I. ae eye 
cones. III. Molecular and visual cells. IV. External plexiform layer. V Bayer nay 4 el s. 
f Te ver of bipolar cells. VII. Layer of amacrine cells. VIII. Internal plexiform layer (fiber laye r). 
— pea of anglion cells. X. Nerve-fiber layer: 1, diffuse amacrine cells; 2, diffuse ganglion cells; 
zo po ri Padi te fibers; 4, association-amacrine cells; 5 neuroglia cells; 6, supporting fibersof Miller, 


1.) 
509. Fovea Centralis.—The depression at the site of the fovea centralis 
arises from a thinning of the retina, the inner layers of the latter being here 
entirely absent. Furthermore, the retinal fovea is also distinguished by the 
fact that the most external layer here consists only of cones. The rods do 
not begin until at the border of the macula lutea, and as we pass toward 
the ora serrata, grow more and more nuinerous, while the number of cones 
diminishes in like proportion. . 
The fovea centralis is the part of the retina that has the most delicate 
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perception. And so when we wish to get a precise perception of an object, 
we so adjust our eye that the image shall fall upon the fovea; we [‘‘sight”’ 
or] ‘‘fix” the object. 

510. Pigment Epithelium.—The membrane here described—the retina, 
in the narrower sense of the word—develops from the inner layer of the sec- 
ondary ophthalmic vesicle (page 390 and Fig. 161, 7). From the outer layer 
of the vesicle (p, Fig. 161) is developed the pigment epithelium, which there- 
fore must, on embryological grounds, be counted in with the retina (in the 
wider sense of the term). It lies upon the chorioid along the outer side of 
the retina, and, because it remains behind when the retina is removed from 
the chorioid, was formerly regarded as belonging to the latter. The con- 
nection between the retina and pigment epithelium consists in the fact that 
the cells of the latter send minute cilia-like processes in between the rods 
and cones; in these processes lie the minute crystals of the brown retinal 
pigment. 
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[Fia. 245.—Secrron or HumaN Retina at THe ORA SerRata. (After Piersol in Norris and Oliver.) 


Shows the abrupt termination of the usual retinal layers and the continuation of the retinal 
sheet as the pars ciliaris. —a, pigment layer; b, rods and bi i c, outer nuclear layer; d, outer plexi- 
form; e, inner nuclear; f, inner plexiform; g. ganglion cells; A, point of transition into inner stratum 
(k) of pars ciliaris; 7, section of cyst. Magnified 165 diamete (a=: ] 


511. Continuation on Ciliary Body and Iris.—The cessation of the 
retina at the ora serrata is apparent only; the microscope shows that under 
a simpler form it extends still farther, even up to the edge of the pupil. It 
therefore lines the inner surface of the ciliary body and the posterior surface 
of the iris. The portion of the retina lying upon the ciliary body is called 
the pars ciliaris retine |Fig. 142, pe and pc]. Wherever this extends, the 
external layer of the retina, or pigment epithelium (Figs. 145 and 146, P), 
is more darkly pigmented, so that this division of the interior of the eye is 
characterized by a particularly dark color (or, Fig. 144). The inner layer 
of the retina—the ‘continuation of the retina, in the narrower sense of the 
word—is here reduced to a single stratum of cylindrical cells (Figs. 145 and 
146, C) [Fig. 245, k]. At the spot where the two layers of the retina pass 
over upon the iris, the difference between them becomes even less marked 
than before, since now the cells of the inner layer too are filled with pigment 
granules. Thus the two layers in conjunction form a uniformly pigmented 
stratum, which, as the pars iridica retine (retinal pigment layer of the iris), 
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covers the posterior surface of the iris up to the margin of the pupil, about 
which the two layers turn and then unite. 

512. Retinal Vessels.—The retina has its own system of blood-vessels, 
which is almost entirely separate from the adjoining system of ciliary ves- 
sels. It is formed by an expansion of the arteria and vena centralis nervi 
optici, which break up. into branches in the optic papilla. These branches 
subdivide in the retina as far as the ora serrata without anastomosing 
together (see Fig. 153, a, a;,and b,b!; Fig. 20 represents the branching of ves- 
sels in the retina as seen with the ophthalmoscope). At the papilla alone, 
minute communications exist between the retinal and the ciliary vessels (see 
page 382). The retinal arteries are hence to be regarded as terminal arteries 
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(Fic. 246.—BLOoD-vESsELS OF THE YELLOW Spor INJEcTEeD. After B6hm and Von Davidoff. 


(Norris and Oliver.)—D.] 


(Cohnheim). Consequently, disturbances of circulation in the retina, aris- 
ing from contraction or plugging of a vessel, cannot be compensated for by 
means of a collateral circulation. 

Within the retina, the vessels lie only in the mner layers, so that the 
external lavers of the retina are non-vascular, and are hence in part depend- 
ent for their nutrition upon the neighboring chorio-capillaris. This is espe- 
cially true of the fovea centralis, the central part of which ane hae 
at all, while, on the other hand, the vascular network of the chorio-capil- 

is i ‘ic , dense. 
ee he = oer Retina.—The objects of the outer world throw 
their images upon the retina. It is the function of the latter to Seares ie 
rays of light, of which the images are composed, into nervous stimu i. 
What takes place, accordingly, is a transformation of one sort of motion— 
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the vibrations of the luminous ether—into another, namely, nervous exci- 
tation. This is without doubt simply another sort of motion of such a 
nature as to be transmissible within the nerve fibers tothe brain, a property 
which is not possessed by the vibrations of the luminous ether. The place 
in which the conversion of luminous vibrations into nerve excitation occurs 
is the rods and cones. In what way this conversion takes place is not known, 
but we do know that a part of the vis viva, which the luminous vibrations 
represent, is used up in the production of chemical and physical changes, 
which we are able to follow. The chemical changes consist in the trans- 
formation of the visual purple, contained in the rods and which was dis- 
covered by Boll, into a colorless substance by the action of light (Kthne). 
It is very probable that besides the visual purple still other ‘“‘visual sub- 
stances”—i. e., substances which undergo chemical changes under the 
influence of light—exist in the retina, but that such changes are not accom- 
panied by alterations of color, and have accordingly thus far escaped dis- 
covery. The physical changes partly consist in variations in the strength 
of the electric current that normally passes from the retina to the brain 
(Holmgren), partly are motile phenomena of a less subtle sort, which we 
perceive both in the cells of the pigment epithelium, and in the rods and 
cones. In the cells of the pigment epithelium, the pigment granules, when 
the eye is in the dark—that is, in a condition of rest—lie in the most pos- 
terior part of the cell close to the nucleus; but if light impinges upon the 
retina, these granules push their way forward into the cilia-like processes 
_which extend between the rods and cones. In the rods and cones them- 
selves, a process of contraction combined with shortening takes place under 
the influence of light. 


I. VascuLaR DISTURBANCES OF THE RETINA 


514. The retina is often the seat of disturbances of circulation, such 
as anemia and hyperemia, which latter frequently gives rise to hmor- 
rhages into it. The most extreme degrees of disturbance of circulation 
occur In consequence of embolism and thrombosis of the central vessels. 


Beginners often fall into the mistake of considering a very vividly red eyeground 
as hyperemic. The aggregate tint of the eyeground, however, depends on its pigment 
content, and the background of slightly pigmented eyes is always much redder than 
that of the darkly pigmented ones. Moreover, great dilatation of the retinal vessels is 
in itself no certain proof of hyperemia of the retina, for it often occurs physiologically, 
especially in the young. Exceptionally, too, cases of very marked [congenital] tortuosity of 
the retinal vessels occur in healthy eyes. [Cf. Pseudoneuritis, page 98.] But in all 
these cases the condition of the retinal vessels in the two eyes is alike. Dilatation and 
tortuosity of the retinal vessels, therefore, can be regarded as certainly pathological 
only if unilateral or if confined to certain districts of the fundus, or if there isa faint 
cloudiness of the retina near the papilla, indicating permeation with serum, or, and more 
especially, if hemorrhages can be made out. 


{[Fia. 247.—CHANGES IN ARTERIOSCLEROSIS After De Schweinitz.) 


A, Normal fundus. B to F, successive changes occurring in arteriosclerosis, including pallid arteries 
(B) ‘later assuming a silver-wire appearance (C); indented veins (B, C), afterward showing ampulliform 
enlargements (D, E); cor! ew capillaries (C, D); corkscrew arteries and veins (D, EB): 
CD); rosis of vessels (F); cedema of disk (B, C, D, E), hemorrhages (C, F).—D, 
(C, D); sclerosis of vesse ); ede : : 


perivascul'tis 
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515. Hypereemia.—Hyperemia of the retina may be either arterial 
or venous. The former accompanies all inflammations of the retina and 
the neighboring tissues, particularly the uvea, and is characterized by a 
pronounced distention and tortuosity of the arteries. Venous hyperemia 
manifests itself by dilatation and great tortuosity of the veins, while the 
arteries are often thinner than usual. It is produced most often by plug- 
ging of the veins (see Thrombosis, page 575) or by their compression. 
The compression is mostly located in the papilla, as in glaucoma, where 
the increased intra-ocular tension squeezes the veins down into the exca- 
vated papilla, or in optic neuritis, in which the swelling of the papilla com- 
presses the veins. In orbital tumors it is the trunk of the optic nerve that 
is compressed. Venous hyperzemia also occurs asa symptom of a general 
venous congestion, particularly in heart disease [arteriosclerosis (see below), 
juvenile recurrent hemorrhages (page 562), and polycythemia.—D.] 


[Very rarely the retinal arteries and veins show sac-like dilatations (aneurysms) or 
varicosities. Miliary aneurysms of the retinal arteries occur, especially in old persons 
and most often in conjunction with extensive arteriosclerosis and atheroma (less often 
with heart disease and nephritis). There is a peculiar, usually very chronic and pro- 
gressive condition, in which multiple aneurysms are associated with extensive infiltra- 
tion of the retina (Leber).—D.] 

{Conditions of arteriosclerosis and high vascular tension are often accompanied 
by visible changes in the retinal vessels. As summarized by De Schweinitz these consist 
of: (1) Corkscrew appearance of arterial twigs, while the arteries from which they spring 
may be normal. (2) Flattening of veins, where crossed by arteries. Later on, this flat- 
tening becomes an indentation and the veins beyond the point of compression become 
ampulliform. (3) A dull red congestion or actual cedema of the optic disk. (4) In the 
later stages the formation of white streaks along arteries and veins (perivasculitis) and 
hwmorrhages. These changes (see Fig. 247) are important because of their effect on 
the sight, because of their liability to give rise to retinal hemorrhages, and particularly 
because they form a frequent and early sign of general arteriosclerosis, especially of 
the brain and kidney. Ocular arteriosclerosis may be associated with persistent asthe- 
nopia which is relieved only by general treatment (De Schweinitz).—D.] 

[Cyanosis of the retina may occur in congenital heart disease (patent foramen of 
Botallo), in polycythemia, and from the action of certain poisons (dinitrobenzol).—D.] 


516. Retinal Hemorrhage.—Extravasations of blood into the retina 
are frequent and occur in all sorts of sizes and shapes. They form dark- 
red patches contrasting with the brighter red of the fundus. 


If in the fiber layer of the retina they have striate or flame-like shapes, because 
the exuded blood spreads along the fibers (Figs. 252 and 254). Hemorrhages in the 
deeper layers of the retina or between it and the chorioid are of rounded or irregular 
shape (Fig. 253). In the region of the macula large disk-shaped extravasations some- 
times occur, situated not in the retina, but between it and the vitreous (preretinal or 
subhyaloid hemorrhage) (Fig. 248). The retinal tissue then is not injured by the 
hemorrhage, so that after resorption of the blood vision becomes normal again, [Some- 
times, however, preretinal hemorrhages are not absorbed but form large membranes 


(retinitis proliferans), see page 582. | 
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The extravasations are most frequently located in the neighborhood of the larger 
vascular trunks. The causes of retinal hemorrhages are— 

1. General fragility of the vessel walls. This is found very often in old people 
with atheromatous vessels, particularly if they have a heart lesion, too. In such cases 
retinal hemorrhages are often the precursors of cerebral apoplexy. [See page 571.] 

2. Local disease of the retinal vessels or of the adjacent vessels of the chorioid. 
Under this head must be reckoned those hemorrhages which occur so frequently in 
excessively myopic eyes in the region of the yellow spot. With the occurrence of such 
a hemorrhage central vision is often permanently destroyed. 


Fie. 248.—PrRERETINAL H®MORRHAGE. 


This represents the right eye of an elderly woman. The eye, in consonance with its myopia, 
shows a broad white crescent at the temporal border of its papilla; and the latter also has a pretty 
large physiological excavation. The retinal arteries are very tortuous, the veins normal. The middle 
of the fundus is occupied by a large hemorrhage, covering the region of the macula lutea, and extend- 
ing upward as far as the superior temporal vessels, which are partially concealed by it The lower part 
of the hemorrhage is dark red, and is separated by a sharp horizontal line from the upper, pale-red 
portion. This division into two parts is caused by the settling of the blood corpuscles to the bottom 
of the still fluid blood. In the vicinity of the large hemorrhage, especially at its upper and inner bor- 
ders, lie numerous small spots of blood. These extend up to and upon the white crescent adjoining 
the optic nerve and up to the superior temporal vessels. From these vessels is derived the extrava- 
sated blood, which, after breaking through the limitans interna of the retina, gets between the latter 
and the vitreous, and sinks down to the region of the macula lutea, where even in the normal eye the 
connection between the retina and the vitreous is the least 

3. Over-distention of the blood-vessels by circulatory disturbances, such as active 
and passive hyperemia of the retina and occlusion of the central artery and vein or 
their branches. In new-born infants retinal hemorrhages are often found as a result 
of the disturbances of circulation occurring within a child’s skull during birth. [They are 
present in from 21 to 32 per cent of the new-born, occurring especially in protracted 
labors, and in cases of instrumental delivery and constriction of the umbilical cord. 
They absorb very rapidly (Leber).—D.] Many eases of so-called congenital amblyopia: 
(8 5G7 any 107 Hy See He ‘ Sa 3 : : 
(§ 567) may possibly be explained by them; i. e., the extravasated blood is absorbed and 
leaves no trace, but the lacerated retinal tissue never again becomes entirely normal. The 
retinal hemorrhages which very often occur in glaucomatous eyes as a result of iridec- 
tomy are the result of sudden reduction of the intra-ocular tension, so that an unwonted 
amount of blood pours into the retinal vessels and distends them unduly. Moreover, the 
retinal hemorrhages adduced under the next head may in part be caused by blocking of the 


smaller vessels—e, g., the haemorrhages in sepsis by emboli composed of masses of fungi. 
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4, Altered composition of the blood affecting the vessel walls. Here belong 
retinal hemorrhages in extreme anemia, particularly pernicious anemia, in leuchemia, 
scurvy, purpura, sepsis, albuminuria, diabetes, oxaluria, intermittent fever, relapsing 
fever, {influenza}, jaundice, phosphorus poisoning, extensive burns of the skin, ete. 
[Tuberculosis is often the cause of the recurrent retinal hzemorrhages which, together 
with recurrent hemorrhages into the vitreous, sometimes oceur in young persons (page 
562). Often, however, these happen without assignable cause.—D.] 

5. Rupture of the blood-vessels due to trauma. 

Retinal hemorrhages absorb very slowly, requiring for this weeks and months, 
during which they are often seen to take on a white color (Fig. 250). They ultimately 
disappear, leaving no trace of their presence or decolorized whitish, rarely pigmented 
spots in the fundus. [When large they may become organized into plaques or masses 
of connective tissue.] Whether a scotoma is left at the affected spot or not depends on 
the degree to which the hemorrhage has lacerated the retinal -tissue. 

|For the treatment of retinal hemorrhages see remarks under treatment of vitreous 
hemorrhages (page 560).] 

517. Anemia of Retina.—Anzmia of the retina may be of sudden or 
gradual development. The former may follow occlusion or compression of 
the arterial vessels, as occurs in sudden increase of tension and especially 
in embolism (518). Spasm of the retinal arteries also occurs, particularly 
in acute quinine poisoning (page 627). Much more frequent than acute 
anzmia of the retina is that form which sets in gradually in consequence of 
retinal atrophy. 


The retinal vessels then either become simply attenuated (Fig. 258) or surrounded 
by white bands, the result of thickening of the vessel walls, the blood column being 
simultaneously narrowed (perivasculitis retine). [See C and D, Fig. 247 and B and F, 
Fig. 251.] Ultimately the vessels may vanish altogether from the retina or be trans- 
formed into white bloodless strands. [Spasm causes sudden and great attenuation of 
the retinal arteries and transient or permanent blurring of sight over part or all of the 
visual field. Repeated attacks may occur. Inhalations of amyl nitrite relieve the 


spasm, and may restore the sight. (See also page 575).—D.] 

518. Embolism of Central Artery.—This was first observed by Von 
Graefe. The patient is made aware of his disorder by sudden and complete 
blindness, which appears at once upon the obliteration of the artery. If 
immediately afterward an examination is made with the ophthalmoscope, 
the signs of an extreme arterial ansemia of the retina are found (Fig. 249) 
[Fig. 251, A and BJ]. The larger arteries are narrowed down to thin fila- 
ments, the smaller ones become invisible. The veins, on the other hand, 
are not markedly contracted except upon the papilla itself; the latter 
appears paler. Within a short time, often within a few hours, the retina, 
as it dies, loses its transparency. It becomes of an opaque milky white, most 
markedly so in the vicinity of the papilla and of the fovea centralis. Owing 
to this opacity the outlines of the papilla are obscured, and, on the other 
hand, fine ramifications of the retinal vessels, such as ordinarily are not 
visible with the ophthalmoscope, coine into view in the vicinity of the fovea, 
where they stand out with great distinctness upon the white background. 
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At the center of the fovea a vivid red spot stands out on the cloudy 
white background, because the inner layers of the retina and hence also the 
retinal cloudiness are lacking at this spot, and consequently the fundus 
appears of its normal red color, which looks even more pronounced from 
contrast with the turbid white area surrounding it. In this region also 
small retinal hemorrhages sometimes occur. 

After some days the retinal vessels fill up again. Then a peculiar phenomenon is 
sometimes observed. In some sets of the vessels (particularly the veins) the blood 
column appears to be broken up into short sections separated by clear interspaces, 


and the whole column makes jerking movements, sometimes in the sense of the nor- 
mal blood current, sometimes in the reverse direction. In the course of the following 


Fic. 248.—EMBOLISM OF THE CENTRAL ARTERY, DEVELOPING ErcHtT Days PREviovs TO THE DATE 
OF OBSERVATION IN A WOMAN AFFECTED WITH AORTIC ANEURYSM. 

The whitish haze over the retina obscures the outlines of the papilla and the initial portions of the 

vessels arising from it. The arteries are already better filled than they were, although they still are 


below the normal in this respect. The veins have a very uneven caliber, the latter in general increas- 
ing toward the periphery. In the large veins, running upward and outward and downward and outward 
the blood column is seen to be broken up into short separate sections. The vicinity of the fovea 


centralis is covered with a dense whitish haze, upon which the finest ramifications of the vessels stand 
out distinctly, although the connection between them and the main vessels is in places concealed by 
the haze. The mid point of the fovea centralis is occupied by a spot which is dark red with a light 
center, and which represents the chorioid showing through the haze 


weeks the cloudiness of the retina vanishes; the retina regains its transparency, but 
becomes perfectly atrophic. The optic papilla is now white and sharply outlined, 
the blood-vessels both upon the papilla and in the retina are scanty, thin, filamentous, 
and often bordered by white lines; many of the finer vascular twigs become completely 
invisible. The blindness persists and is permanent. 

Instead of affecting the central artery, the embolism may effect only a branch 
of it. In that case the visible alterations are limited to that portion of the retina which 
draws its blood supply from the obliterated vessel. The blindness, too, corresponds 
then simply to the part of the retina that is diseased—that is, appears under the form 
of a defect in the visual field, one half of the latter or a sector of it being destroved. 
Moreover, even in embolism of the central artery itself a small portion of the retina 
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may retain its functional power. This is the case when cilio-retinal vessels from the 
vascular circle of Zinn are distributed to the retina (see page 382). In ophthalmo- 
scopic examination such vessels can be recognized from the way in which they are 
seen to arise, which is by a hook-shaped extremity from the border of the papilla (Fig. 
155). These vessels, which receive their blood from the short posterior ciliary arteries, 
are of course unaffected by embolism of the central artery, and hence the region of the 
retina that is supplied by them, and which lies between the papilla and macula, retains 
its functional power. [See Fig. 251 B.] 

Embolism occurs in all those disorders which give rise to the entrance of clots 
into the circulation, and above all in affections of the heart. The possibility of a cure 
exists only in very recent cases, before the death of the retina has taken place. The 
retina might then regain its function if we could succeed in restoring the circulation 
in it. The only way in which this can be accomplished is for us to try to drive the 
plug lodged in the central artery on into its smaller branches, where it will do less harm. 
With this object in view, we draw off the aqueous by paracentesis of the cornea. In 
consequence of the sudden diminution of intra-ocular tension thus produced, the blood 
tends to flow into the eye in increased quantity, and may thus push the embolus forward 
if it is not too tightly fixed in its position. In addition, we try to favor the washing 
away of the embolus by massaging the eye | (see page 58), and dilate the retinal arteries 
by giving inhalations of nitrite of amyl.—D.] In this way it has been possible to restore 
the circulation in the retina, and with it the sight in some few cases, in which the lesion 
was still very recent. 

What is known clinically under the name of embolism of the retinal arteries cor- 
responds to those cases in which there are no infected emboli in question; hence, no 
inflammation occurs, but only the results of the mechanical cutting off of the blood 
supply. The retina, being no longer nourished, simply dies. It does not indeed become 
necrotic, because it still obtains a supply of nourishment from the adjacent chorio- 
capillaris of the chorioid, although this does not suffice to maintain the function of the 
retina. But infectious emboli also may get into the retinal arteries, as sometimes hap- 
pens in pyemia. Then a suppurative retinitis develops, the suppuration from which 
soon extends to the other structures of the eyeball, so that the clinical picture of pan- 
ophthalmitis is produced (metastatic ophthalmia; see pages 420 and 471). 

The ophthalmoscopic picture of embolism is the expression of changes which 
set in when the supply of arterial blood is cut off from the retina. It is hence not con- 
fined to embolism of the central artery, but is found in occlusion of it in general, due 
to other causes as well. Such occlusion may be produced by endarteritis, by throm- 
bosis of the artery, and also by spasm of it, in case it lasts long enough. [Evidence of 
extreme spasm with occlusion can sometimes be furnished by the ophthalmoscope. We 
see then a thread-like bloodless vessel which as we look at it (perhaps under the influence 
of amyl nitrite) dilates to full size once more. Some would ascribe to spasm many of 
the cases regarded as embolism; particularly the cases in which the complete occlusion 
has been preceded by repeated attacks of transient obscuration.—D.] The ophthal- 
moscopie picture of embolism may also be caused by compression of the artery within 
the trunk of the optic nerve consequent upon hemorrhage or inflammatory infiltra- 
tion in the latter; and by a solution of the continuity of the artery occurring when the 
optic nerve is cut or torn through in front of the point where the central vessels enter it, 


519. Thrombosis of Central Vein.—Thrombosis, which was first ana- 
tomically demonstrated by Michel, is characterized by an enormous disten- 
tion of all the retinal veins with blood, while the arteries are so attenuated 
as to be scarcely discoverable (Fig. 250). [See also Fig. 251 C and D.] The 
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blood escapes from the turgid veins at many spots so that the entire fundus 
is covered with hemorrhages. These keep recurring again and again, and 
with their recurrence the sight which from the start was greatly reduced is 
at length utterly destroyed. 

Thrombosis may be confined to a branch of the central vein, in which case the 
changes in the fundus are present in that portion only of the retina which represents 
the area of distribution of the occluded vein. The prognosis then is more favorable 
than in occlusion of the main trunk. The disturbance of the circulation may be com- 
pensated for by the capillary vessels of collateral channels—capillary vessels in this case 
dilating to form larger vessels which can be seen with the ophthalmoscope. 


Fie. 250.—THROMBOSIS OF THE CENTRAL VEIN. PRESENT FOR FOURTEEN Days IN A MAN Firty- 
Two YEARS OF AGE. 


The outlines of the papilla are concealed partly by a gray striate opacity, partly by radially dis- 
posed hemorrhages. The retinal arteries are attenuated; the retinal veins are unusually broad and 
tortuous, and are filled with blackish blood. In many places the vessels are covered by extravasa- 
tions of blood, and hence appear interrupted. The hemorrhages are extremely numerous, have a dark- 


red, almost black, color, and are either radiately striate or irregularly rounded in shape. A few of the 
hemorrhages have taken on a brilliant-white hue in their center. This is particularly visible in the 
large patches of blood lying outside of the macula lutea. The retina, wherever it is not occupied by 


hemorrhages, is clouded and grayish 


The marked venous stasis, which must occur as a result of a venous thrombosis, 
makes it easy to see why increase of tension frequently occurs in such cases. This 
so-called hemorrhagic glaucoma gives a bad prognosis, since it is generally incurable, 
even by iridectomy. 

Thrombosis of the central vein oceurs for the most part in elderly persons suffer- 
ing from arteriosclerosis; but an inflammation in the orbit may also lead to thrombosis 
of the central vein, probably through the development of the orbital veins of thromboses, 
which subsequently extend into the central vein. In this way cases of blindness are 
sometimes produced in the course of facial erysipelas. The erysipelatous inflammation 
of the skin has a tendency to penetrate in spots into the deeper parts, and there set up 
either infiltrations or phlegmons. Hence, abscesses of the lids, abscesses in the orbit, 
and, through transmission to the brain, even purulent meningitis, are observed as 
sequels of facial erysipelas. If, then, a case of erysipelas is complicated with inflamma- 
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tion of the cellular tissue of the orbit, it is sometimes found, after the erysipelas has run 
its course and the swelling of the lids has abated, that the eye is blind. The ophthal- 
moscope shows atrophy of the optic nerve with extreme attenuation of the blood-vessels. 
According to an observation of Knapp’s, we are dealing in this case with a thrombosis of 
the central vein, consequent upon the inflammation of the retrobulbar cellular tissue. 
The blindness that is due to erysipelas may affect both eyes, 


Il. INFLAMMATION OF THE RETINA 


520. Symptoms.—Inflammation of the retina (retinitis) is character- 
ized first of all by a diffused cloudiness of the organ. The cloudiness varies 
very greatly in intensity, although in general it is greatest in the vicinity of 
the papilla, because here the retina is thickest. Consequently, the outlines of ° 
the papilla become indistinct and the vessels in the retina hazy. In addition, 
circumscribed exudatesoccurin the retina, usually under the form of brilliant- 
white,sharply defined patches. Retinitisisalwaysassociated with hyperzemia 
of the retina, evidenced by distention and tortuosity of the vessels, and 
often also by extravasations of blood. Owing to the passage of the exudate 
from the retina into the vitreous, opacities of the vitreous are produced. 

The function of the retina is impaired in proportion to the intensity 
and extent of the inflammation. In the lightest cases vision may be normal, 
so that the patients complain simply of the presence of a light-colored cloud 
before their eyes. But for the most part vision is very considerably reduced, 
both because of the changes in the retina itself and because of the accom- 
panying opacities in the vitreous. Circumscribed exudates cause fixed sco- 
tomata in the field of vision. [Retinitis affecting the region of the macula 
lutea is marked bya central scotomaand by retinal metamorphopsia (microp- 
sia, macropsia—see page 125 and cf. page 465).—D.] 

The course of the retinitis is always pretty sluggish. Only in the light- 
est cases does the inflammation abate completely in a few weeks, and then 
the sight may again become perfectly normal. But for the most part it 
takes several months for all inflammatory symptoms to disappear from the 
retina and the sight remains permanently impaired. Severe and, more par- 
ticularly, recurrent inflammations of the retina lead to atrophy of it (see 
page 585), pigmentation frequently occurring at the same time (through 
migration of pigment from the pigment epithelium). When atrophy of the 
retina has once set in the sight is always abolished, either completely or 
all but a remnant, and cannot be restored. 

A new formation of blood-vessels may occur in retinitis proliferans and also whenever 
a retinitis, particularly a syphilitic retinitis, has lasted a long time. The vessels in this 
case project from the retina into the vitreous under the form of slender and, oftenalso, 
of repeatedly convoluted coils. a 

[For the pathological changes occurring in retinitis, see page 589. | 

521. Etiology.—In the etiology of retinitis, general affections play the 
chief part. Retinitis appears but rarely as a local lesion, e. g., when due to 
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dazzling; in most cases it is simply the symptom of an internal or general 
disease, to the discovery of which we are often led just by finding the reti- 
nitis. Among such general diseases are, above all, albuminuria, diabetes, 
leuchzemia, syphilis, uratic gout, and diseases of the vascular system. In 
these cases, in which a general disease underlies the retinitis, the latter is 
usually bilateral. 


{t is very rare indeed for retinitis to remain confined strictly to the retina, the 
fact being that it usually implicates the head of the optic nerve as well. If this impli- 
cation is present to a marked degree we call the case one of neuro-retinitis. We use the 
same term when an inflammation that starts from the head of the optic nerve extends 

‘out into the retina. With regard to its etiology, theretore, neuro-retinitis is at one 
with retinitis on the one hand and with neuritis on the other. A similar relation exists 
between retinitis and chorioiditis. An inflammation that affects predominantly the 
outer layers of the retina, adjoining the chorioid, will scarcely run its course without 
implicating the chorioid too. Of this, syphilitic retinitis affords a very evident example. 
Conversely, it is obvious that chorioiditis cannot exist without the portions of the 
retina immediately adjacent participating in the process. From an anatomical stand- 
point every chorioiditis is a retino-chorioiditis (or chorio-retinitis), although we generally 
do not use this term unless ophthalmoscopically visible signs of inflammation can be 
demonstrated to exist both in the retina and in the chorioid. 


§22. Varieties.—The main varieties of retinitis are as follows: 


1, Retinitis Albuminurica.—This of all inflammations of the retina is the one best 
characterized. In addition to the general signs of retinitis, such as haziness of the 
retina and of the outline of the papilla, distention of the retinal arteries, and hemor- 
rhages, it is particularly distinguished by the white patches in the fundus (Fig. 252). 
[Fig. 255, C and D.] The white spots are found chiefly in two places—in a certain 
area surrounding the papilla and in the macula lutea. In the former situation we 
find rather large white patches, which may be so numerous as to form a speckled zone, 
which is usually interrupted at a point corresponding to the macula lutea. The latter, 
on the other hand, is occupied by small white stipplings radially disposed, so that a 
pretty radiating crown is formed with the fovea centralis at its center. Very often 
the crown is incomplete, the rays being fully formed only on certain sides of it. 

Besides this form of retinitis, affections of the fundus occur in albuminuria that 
present no such characteristic appearance. Such affections comprise simple retinal 
hemorrhages, retinitis hemorrhagica (Fig. 254), and neuritis (including even choked 
disk). On the other hand a picture very similar to that of typical retinitis albuminurica 
may be produced by other causes, such as brain tumor, diabetes, and arteriosclerosis. 
[See Retinitis Stellata, page 579.] Hence an examination of the patient’s urine should 
be made in every case of retinitis. 

All forms of kidney disease that result in albuminuria may be complicated with ret- 
initis, but the one most frequently thus complicated is the atrophic kidney. The severity 
of the retinitis bears no fixed proportion to the intensity of the kidney disease nor to 
the amount of albumin in the urine. The like is true of the subsequent course; the 
retinitis may improve while the kidney lesion grows worse, or vice versa. Neverthe- 
less, retinitis albuminurica is, on the whole, of evil prognostic significance. Even if 
it does occur sometimes with benign kidney lesions (e. g., with scarlatinal nephritis 
and the renal affection of pregnancy), yet it far more frequently is associated with the 
serious chronic cases, and it is a matter of experience that most patients suffering with 
retinitis albuminurica succumb from their renal disorders within a few years. (For the 
connection between the retinitis and the renal disorder, see page 28.) 


E F 


(Fra. 251.—CHAaNazEsS In RETINAI HSSELS. (After Wiirdemann in Posey and Spiller.) 


A, Embolism central artery; partial, < ting only inferior branch (Haab). B, Embolism central 
arter total within nerve; a cilio-retir 2ssel supplies a small area of retina in which function is 
rved (Wiirdemann). C, Thrombosis of central vessels from mumps (Wtrdemann). 1D)5 
six months later, showing sclerosis and atrophy (Wirdemann). E, Hemorrhages from retinal v 
(Magnus F, Perivasculitis luetica (Magnus).—D.] 
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In nephritis disturbance of vision may occur also under the form of a transitory 
blindness without any retinitis being present. The patient declares that everything 
suddenly becomes dark before his eyes; the disturbance of sight increases so quickly 
that the blindness gets to be complete within a few hours or a day. Even, however, 
when the blindness is absolute, the results of examination of the eye are usually nega- 
tive. After one or more days the sight is gradually restored. Simultaneously with 
the attack of visual disturbance other nervous symptoms are found, such as head- 
ache, vomiting, dyspnoea, loss of consciousness, and convulsions—in short, the symp- 
toms of uremia. The blindness is therefore known as uremic amaurosis. The fact 
that the reaction of the pupil to light is in most cases preserved in spite of the com- 
plete blindness proves that the location of the affection cannot be in the eye or in 


Fig. 252.—Retiniris ALBUMINURICA, 


The clouding of the retina is most pronounced in the region of the papilla, where it beeen ye 
fine radial striation, and completely veils the margin of the nerve. F urthermore, even as a eon era ue 
distance from the papilla, the retinal clouding covers isolated portions of she veer an gavee. Ms 
the distended veins, with a delicate haze, so that the vessels in these places: ae igh er. as aca 
ing the papilla are found rounded, brilliantly. white spots of Seas ane Wore Rone eer 
radially striate hemorrhages. The latter lie mainly in the neighborhood of t i: arEry re! ine! eonools, 
and in part cover them. From this fact and from their striate apneatands, eee oe ie ryt ies 
they belong to the most anterior layer of the retina the nerve-fiber bayer i a ie a Bion : Rie sie 
ula lutea is seen a group of small white specks, which combine to form t ae ee Ha e atures peo “ ps 
tic of retinitis albuminurica. In the present case this is not ae Fe ara y formed, and above s 
somewhat larger spot, produced by the coalescence of several small dots. 


the optic nerve, but is higher up—that is, in the brain, which Is poisoned by the excre- 
tory matters retained in the blood. Uremic amaurosis 1s distinguished from the dis- 
turbance of vision due to retinitis albuminurica partly by the negative results of oph- 
thalmoscopic examination, partly by the course. Uremic amaurosis sets in suddenly 
lete, while in retinitis albuminurica the sight is reduced gradually and 1s 


and is comp ( 
The blindness, however, is permanent, while the blind- 


seldom annihilated entirely. _ : 

ness due to uremia gives place to normal vision again, provided the patient does not 

succumb to the uremic attack. Of course, the possibility of a uremic amaurosis oc- 

E ; : Fy i" “s . AU OPN, tad aoe : 

curring in a patient already suffering from retinitis is not excluded. es 
2 Retinitis Stellata.—This is also called pseudo-nephrilic retinitis, because it 


I inuri initis in haviz » characteristic star figure at the macula 
resembles albuminuric retinitis in having the characteristic star hg é ; 
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but is not due to nephritis. One form occurs as a unilateral or bilateral affection, espe- 
cially in young people and without discoverable cause. It may or may not be associated 
with a slight papillitis. The visual disturbance is often moderate, and after a long time 
complete recovery may take place. Other cases are more acute in onset, being preceded 
by violent pain in the eyes and head and accompanied by marked neuro-retinitis with 
great narrowing of the arteries. These cases are helped by salicylic acid. Other cases 
occur with optic neuritis due to influenza, syphilis, or chlorosis; and a star figure in 
the macula also accompanies some cases of choked disk due to brain tumor, meningitis, 
or hydrocephalus. Other cases, marked by sudden blindness or sector-like limitations 
of the field are caused by circulatory disturbances (probably embolism) in the retina. 
Finally some occur in severe injuries of the skull, produced by blunt force (Leber).—D.] 

[3. Retinitis Cachecticorum is a form, also more or less resembling albuminuric 
retinitis, occurring in carcinomatous subjects (Leber).—D.] 


Fie, 253.—Drapetic Retinitis rn A Man Srxty-ntne Years or AGp 


When the diabetes was discovered eleven years previous six per cent of sugar was present, while 
for some years past, under the influence of suitable treatment, the sugar has almost disappeared. The 
disturbance of sight has lasted for nine months, and is caused mainly by a central seotoma for blue 
a scotoma which corresponds to the exudate in the macula. In keeping with the myopia of the eye 
there is an atrophic crescent, about half the width of the papilla, adjoining the optic nerve. In its 
posterior section the retina shows numerous punctate hemorrhages, which are generally disposed in 
groups, and frequently coalesce to form rather large patches. In addition, small, brilliantly white 
dots are present of irregular shape and sharp outline. These are disposed quite irregularly in a large 
ee In the macula itself is found quite a large exudate having a structure 


4. Retinitis Diabetica.—This is characterized in many cases by the presence of 
small, brilliantly white spots in the retina, which chiefly occupy the region of the mac- 
ula lutea and its vicinity, without, however, presenting a stellate arrangement, as in 
albuminuric retinitis (Fig. 253). Sometimes by the confluence of small dots one or 
two large patches are found, which show by their crenated border that they are com- 
posed of smaller spots. Between the white patches lie punctate extravasations of 
blood. The rest of the retina is transparent, and the papilla, too, is unaltered. 

In other cases this characteristic picture is not present, in fact, diabetic retinitis 
may actually appear under the guise typical of albuminuric retinitis for closely resemble 
a retinitis circinata (see page 584). Very rarely in young diabetics, especially when 


E F 


[Fia. 255.—INFLAMMATIONS OF THE Retina. (After Wiirdemann in Posey and Spiller.) 


A, CGidema in pernicious anemia (Oliver). B, Leuchswmic retinitis (Oliver). C, Albuminuric retinitis 
and neuritis of pregnancy (Wtirdemann). D, Albuminurie retinitis in the negro (Wiurdemann). B, 
Syphilitie retinitis (Haab). I, Atrophy of retina, chorioid, and nerve foliowing chorio-retinitis luetice 


(Oeller).—D.| 
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| 
nearing death, retinal liphemia is found, i. e., a condition in which on account of the large 
amount of fat in the blood, the retinal vessels appear reddish-white or pure white.—D.]} 

Retinitis is also observed in oxaluria. 

5. Retinitis Leuchemica.—In this, superadded to the general symptoms of inflam- 
mation of the retina (namely, retinal cloudiness and hemorrhages), there is found, as 
a characteristic feature, a light hue of the blood in the retinal vessels, which ordina- 
rily are greatly dilated. Furthermore, since in leuchemia the blood that flows in the 
chorioidal vessels is of lighter color than normal, the entire fundus, even where there 
is no retinitis present, is of a much lighter red than usual, and shows a yellowish tinge. 


Fie. 254.—H=morreacic RETINITIS IN A WOMAN OF FORTY-EIGHT, WHO SUFFERED FROM CHRONIC 
NEPHRITIS AND CARDIAC HYPERTROPHY. 


The outlines of the grayish-red papilla are obscured, the arteries of the retina are somewhat 
contracted, and in places are concealed by the cloudiness of the retina. The veins are very tortuous, 
and from the character of their reflex streaks it can be seen that not all their convolutions lie in the 
same plane. The retina, as a whole, shows a faint striate opacity, and is filled with very numerous, 
partly striate and partly rounded hemorrhages. To the left and below, between the two branches of 


a vein, is a white spot which has originated from a hemorrhage 


Likewise characteristic of leuchemic retinitis are white patches with a red rim (con- 
sisting of white corpuscles surrounded by red ones); but such patches are present in 
only a few cases of retinitis leuchemica. [See Fig. 255, B.] 

" 6. Retinitis Septica.— In this the changes affect mainly the posterior section of 
the retina, in which both hemorrhages and white patches are found. The papilla is 


unaltered. The disease occurs in connection with sepsis, and that not only in the 


fatal forms, but also in the slighter cases. . 
7. Retinitis Hemorrhagica.—This is diagnosticated when, aloug with the pres- 


ence of numerous hemorrhages in the retina, the latter itself is hazy and the papilla 

is obscured (Fig. 254). Hemorrhagic retinitis is due for the most part to diseases of 
: 400 } 1 +3 ’ | . 

the retinal vessels; many of these cases are probably identival with those of thrombosis 


of the central vein, as described on page 575. 
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8. Retinitis Proliferans.—Manz described under this name an affection in which 
dense masses of connective tissue extend out from the retina into the vitreous and 
cover a portion of the fundus—in fact, even the papilla itself (Fig. 256). Into these 
masses run new-formed vesselsfromthe retina. For a number of these cases it is probable 
that these masses of connective tissue have been preceded by hemorrhages, which 
were poured out from the retina into the vitreous and afterward became organized (see 
page 571). [Much the most common cause of these are the spontaneous hemorrhages 
occurring in the retina and vitreous in young persons particularly as a result of tuber- 
culosis (see pages 562 and 573). Other causes alleged are anemia, chlorosis, menstrual 
congestion, syphilis, nephritis, diabetes, arteriosclerosis, oxaluria, etc. Other cases are 


Fie. 256.—RetTINiTIs PROLIFERANS. 


In a man thirty-five years of age, who suffered frequently from palpitation of the heart and nose- 
bleed, sudden obscuration of the sight occurred in both eyes five years ago. This obscuration has re- 
curred repeatedly since, being due to recurrent hemorrhages into the vitreous. In the vitreous of 
the left eye close to the papilla lies a shining white mass having a structure partly fibrous, partly gran- 
ular. From this mass pass strands in different directions, some extending as far as the periphery of 
the fundus. No vessels are recognizable in the white mass, which covers the upper half of the papilla. 
The other half of the papilla and the rest of the fundus are somewhat hazy (owing to the presence of a 
faint opacity of the vitreous), and besides appear indistinct, because the ophthalmoscope is adjusted 
not for them, but for the connective-tissue mass, which is situated farther forward. Indistinctly vis- 
ible are indications of the retinal vessels (above and to the outer side) and indications of a tessellation 
of the fundus (below and to the inner side) 


traumatic. Such are those in which we find dense white masses encapsulating a foreign 
body or an entozo6n or dense cicatricial masses traversing the vitreous as the result of 
a penetrating or non-penetrating injury (especially that inflicted by some projectile) 
(Leber). Some of these cases retain surprisingly good vision.—D.} 

9. Retinitis Syphilitica—Acquired syphilis is one of the most frequent causes 
of retinitis. Syphilitic retinitis is usually associated with disease of the uvea,and above 
all of the chorioid; often also of the iris, which then exhibits the picture of 
syphilitic iritis. In the retina inflammation appears under two forms, diffuse and 
circumscribed, In the former case the entire retina is clouded and faintly gray [see 
Fig. 255, E and I’]; here and there, especially in the macular region, more densely gray 
spots may be found. Later on in the disease, in proportion as the cloudiness of the 
retina abates, changes in the pigment epithelium set in, and ultimately migration of 
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pigment from the latter may take place into the retina, so that a picture is formed 
resembling that of retinitis pigmentosa. This form of syphilitic retinitis consequently 
coincides in part with the syphilitic chorioiditis described by Forster (page 459). 

In the circumscribed form a bulky white exudate is found either in the region of 
the macula lutea or more frequently close to one of the larger retinal vessels. In the 
latter case it is often possible with the ophthalmoscope to recognize that an affection of 
the wall of the vessel is the cause of the circumscribed exudation. Later on the exu- 
date is transformed into bluish-white scar tissue, which by shrinking may give rise 
to detachment of the retina. 

Hereditary syphilis, too, leads to retinitis, which may be observed in children 
or may be even congenital. Ordinarily we see only the evidences of inflammation 
after it has run its course; such evidences occurring either under the form of numer- 
ous small, light or black spots, or under the form of an old, bulky exudate, that has 
been transformed into connective tissue. 

10. Retinitis due to Dazzling.—This is produced most frequently by looking at the 
sun [solar retinitis] or at the electric are light [electric retinitis]. The ophthalmoscope 
shows pigment changes in the macula lutea, upon which the image of the sun has been 
east. Corresponding to this spot there is a central scotoma, which for the most part 
Temains permanently (see page 22). [This is often combined with metamorphopsia. 
—D.| We must not confound with the retinitis due to dazzling that variety of inflam- 
mation of the eyes which is produced by the action of snow (snow blindness) or by the 
electric arc light. This, in addition to transitory symptoms of dazzling, consists mainly 
in a violent conjunctivitis (see page 24). 

11. Retinal Changes at Macula.—The macula lutea has the most delicate ana- 
tomical structure of any of the tissues of the eye, and is hence also specially vulnerable. 
We find it therefore diseased particularly often, e. g., in myopia where it participates 
in the affection of the subjacent chorioid (page 463). But the macula is also often 
injured in cases in which it is not in any way directly affected by the agent causing.the 
injury. Thus a circumscribed affection of the macula often develops after contusion of 
the eyeball, or in the case of foreign bodies in the vitreous, or in compression of the 
eye by orbital tumors. From rarefaction of tissue at this spot [retinitis atrophicans 
centralis| an actual hole may be produced in the retina. Under the ophthalmoscope, 
this hole looks like a deep red disk at the site of the macula (Kuhnt, Haab). _[This is 
usually one-third to one-half a disk diameter in width, and 0.3 to 0.5 mm. deep. The 
vision is very much reduced (Leber).—D.] 

In the last-mentioned forms of retinitis—namely, retinitis syphilitica and retinitis 
due to dazzling—the inflammation has its seat mainly in the outer layers of the retina, 
as is proved by the changes simultaneously taking place in the pigment epithelium 
and, indeed, in the chorioid itself. But in the forms of retinitis first described it is 
mainly the inner layers of the retina that are affected. 7 

Often enough cases of retinitis occur in which even a careful examination of the 
patient is unable to demonstrate any determining etiological factor. Among these is— 

12. Retinitis Exudativa, so called because it is characterized by particularly 
massive exudation into the retina (Coates). In the latter there are numerous large and 
small white spots, which are often arranged in groups, and later may become confluent, 
or there are extensive white areas, usually somewhat elevated above the level of the 
retina. [They may, indeed, project like a veritable tumor.—D.] Frequently the blood 
vessels take a prominent part in the process either under the form of a general dilatation 
or a localized aneurysmal widening or the formation of numerous new vessels. These 
cases are described under the name of Hippel's retinitis or angiomatosis retin. I This 
is otten classed as a distinct disease—angiomatous degeneration or primary angioma, 


. f ie ¢ ac inence 1 
The arteries and veins are greatly distended, and there is a rounded prominence into 
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which one of the distended vessels empties (Leber). Both conditions are very chronic 
and.in both] detachment of the retina usually sets in later, followed by increase of ten- 
sion or irido-cyclitis and complete blindness. Exudative retinitis is rare and its cause 
unknown. It usually attacks young persons, and more frequently males, and commonly 
affects but one eye. [Coates, who ascribed it to hemorrhages in the outer layers of the 
retina, called it retinitis hemorrhagica externa.—D.] 

13. Retinitis Circinata.—Several forms, which are, to be sure, of rare occurrence, 
are distinguished by characteristic changes in the fundus from which they get their 
names—e. g., retinitis circinata from the circle of white spots. 

14. Amaurotic Family Idiocy.—This very rare affection of the retina occurs in 
children in the first two years of life with the following symptoms: The region of the 
macula lutea is occupied by a grayish-white patch of the size of the papilla, having in 
its center a small vividly red spot like that found in embolism of the central artery. The 


Fria. 257.—Retiniris CrrcrNaTa. 


Right eye of a woman 70 years of age. Erect image. The papilla and the retinal vessels are 
normal. The macuka lutea and its vicinity are transformed into a yellowish-gray, not sharply limited 
area which is enclosed by a zone composed of white spots. The spots run together, to form map-like 
figures. On the side toward the papilla the spots are absent, so that the ring here is open. 
rest of the fundus is normal, although the papilla becomes paler and paler all the time 
and finally altogether atrophic. The changes are always found in both eyes, and are 
alike in both. ‘The children gradually become blind, and exhibit apathy and paralytic 
weakness of the muscles. These symptoms increase until after the lapse of many 
months the children die. Autopsy shows changes in the cerebral cortex [and ganglion 
cells of the retina (Holden)] and descending degeneration in the spinal cord, 

The cause of the disease, which sometimes affects several children of the same 
family, is unknown. [The disease attacks particularly children of Jewish parentage.—D.] 

523. Treatment.—The treatment must be directed both against the 
causal lesion and against the local affection of the retina. The first indica- 
tion is most readily fulfilled in cases of syphilitic retinitis, where energetic 
mercurial treatment in most cases results in rapid improvement. In albu- 
minuric¢ retinitis due to pregnancy artificial interruption of pregnancy may 
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be considered. The symptomatic treatment consists in fully safeguarding 
the eye by forbidding all work and by protecting the eye from glaring light, 
either by means of dark glasses or in severe cases by confinement in a dark- 
ened room. To combat the inflammation, and also to cause resorption of 
the exudate and restoration of the transparency of the vitreous, mercury, 
potassium iodide (both remedies being used in non-syphilitic as well as in 
syphilitic cases), saline purgatives, diaphoretic treatment, and subconjunc- 
tival injections of salt [or mercury oxycyanide] are employed. 


III. ArTrRopHy or THE RETINA 


524. Atrophy of the retina is the result of its protracted inflammation, 
or is the final outcome of an embolism or a thrombosis of the retinal vessels. 


temporal 


Fig. 258.—Rertinitis Pramentosa. (In part after Jager.) 


Owing to the disappearance of the pigment epithelium, the stroma of the chorioid is exposed, so 
that the bright-red chorioidal vessels with the darkly pigmented intervascular spaces are everywhere 
visible. For the same reason numerous branched, interconnected pigment spots are found in the 
periphery of the retina. This pigmented zone extends in a circle, although it comes closer to the 
papilla on the nasal than on the temporal side, where in fact, it lies so far to the periphery that 
it is not represented in the drawing at all The papilla is of a dirty grayish-yellow color and. ill 
defined. Of the retinal vessels, only the main trunks are visible, and these, especially the arteries, 
are greatly contracted. 


Ophthalmoscopically, atrophy is characterized above all by the sten- 
osis of the retinal vessels (Fig. 258; 251,D), which in severe cases may 
amount to complete obliteration, so that the vessels are either transformed 
into white strands or have become altogether invisible. The retina may 
look otherwise unchanged and transparent, or it may bear traces of the 
antecedent inflammation. In every case the signs of a secondary atrophy 
can be made out upon the papilla as well; its outline is indistinct and it is 
of a pale, dirty-gray color (retinitic atrophy of the papilla). 
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525. Retinitis Pigmentosa.—A special variety of atrophy which runs a 
very chronic course is the pigmentary degeneration of the retina (also called 
retinitis pigmentosa). This is marked by such characteristic subjective 
symptoms that the diagnosis can be made almost from them alone. The 
persons affected with this disease, even when still young, complain that they 
see worse whenever the illumination is reduced, and particularly at night 
(hemeralopia). This state of things increases with the age, so that finally 
the patients are no longer able to go about alone at night, while in the day- 
time they still see quite well. The cause of this phenomenon is disclosed by 
the examination of the field of vision. 

In the beginning of the disease the visual field, when taken with good 
illumination, shows a broad blind zone between the center and the per- 
iphery, i. e., an annular scotoma (see page 123). Central vision is good, 
because the periphery of the retina functions, orientation is good too, so 
that the ring-shaped defect in the visual field is not noticed. The per- 
ipheral portion of the retina, however, is undersensitive, and when the 
illumination is diminished it no longer functions, and then the periphery 
of the visual field disappears just like the portion that corresponds to the 
ring scotoma, so that the patient has left only the small central portion lying 
inside of the latter. In feeble illumination, therefore, orientation is no 
longer possible for him. And even the central portion of the retina is dam- 
aged, because the light sense in general (page 126) is reduced, and hence the 
liminal stimulus is increased, i. e., the minimum quantity of light required 
to stimulate the retina is greater than in a normal eye. As the disease 
advances, the periphery of the retina becomes entirely blind, so that even 
in good illumination nothing but a small central portion of the visual field 
is left, and the patient can scarcely guide himself alone even in daytime. 
At the same time direct vision may still be so good that the patient is able 
to do fine work. TV inally, central vision too is lost, so that complete blind- 
ness supervenes. This ordinarily is not the case until late in life (in the sixth 
decade or later). 


[In some cases of retinitis pigmentosa the main disturbance of sight, especially for 
reading, 1s caused by a cortical cataract. The densest part of this lenticular opacity 
lies right in the center of the pupillary area, and hence these patients see worst when 
the pupil is contracted, i. e., in a strong light. They therefore form an exception to the 
rule that persons with retinitis pigmentosa see worst when the illumination is reduced. 
These cases can be recognized by the fact that dilatation of the pupil with atropine or 
homatropine enhances considerably their ability to read —D.] 


526. Ophthalmoscopic examination shows, as the most prominent 
symptom of the disease, the presence of small black spots in the retina 
(‘speckled retina,” Fig. 258). These are of branched shape, so that they 
have been compared to bone corpuscles or spiders; they are connected with 
one another by their processes, and are found especially along the veins, 


DISEASES OF THE RETINA 587 


In the beginning of the disease they occupy only the most anterior portion 
(periphery) of the visible fundus corresponding to the equatorial region of 
the eyeball, but as time goes on, new spots keep forming farther and farther 
back, until at length they reach the macula lutea and the papilla. As fast 
as the retina becomes pigmented, the pigment epithelium becomes decolor- 


ized, so that the chorioidal vessels get 
to be more and more visible. With 
the increasing pigmentation of the re- 
tina the signs of atrophy of the retina 
and the papilla become more and more 
prominent. Accordingly, what takes 
place is a gradual degeneration of the 
retina associated with a migration of 
pigment from the pigment epithelium 
into the retina (Fig. 259). The degen- 
eration begins in the equatorial region 
and thence advances toward the per- 
iphery and toward the center. In the 
same way, too, the retina gradually 
loses its function; the affected portions 
of it at first are simply less sensitive 
than before, being still stimulated to 


Fia. 
THROUGH THE RETINA. 
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259.—RetTInNITIS PIGMENTOSA. 
Magnified 170 X 1. 
The retina is bounded on its anterior sur- 
face by the membrana limitans interna, 7, upon 
its posterior surface by the membrana limitans 
externa, e; the layer of rods and cones that 
succeeds the latter has disappeared altogether 


as a result of atrophy. Succeeding the limitans 
interna is a coarse-meshed network, a, which 
has originated from the supporting tissue of the 
retina. The nerve fibers and ganglion cells, 
which normally are inclosed in this supporting 
tissue, have been completely destroyed. . The 
vessels, however, can still be seen, and are in- 
closed in pigment. One of them, g (very greatly 
contracted), has been divided longitudinally; 
another, gi, transversely by the section. The 
succeeding layers of the retina—namely, the 
inner molecular layer, 7, the inner granular layer, 
k, the outer molecular layer, 71, and the outer 


i 7a prettystrong light; later on 
lee by a 8 5 : oe granular layer, ki,—are altered, and here and 
they become completely insensitive. there contain pigmented cells. 


The black spots in pigmentary degeneration of the retina are not always like 
bone corpuscles, but sometimes are also rounded or irregular, like the black spots in 
chorioiditis. Their characteristic distinguishing mark lies not so much in their shape 
as in their situation, which must be assigned to the retina. This is recognized from 
the fact that the retinal vessels, wherever they run by the black spots, are covered 
by them; hence, the spots must lie in front of the vessels—i. e., in the inner layers of 
the retina. (In the case of pigment spots in the chorioid we can distinctly follow the 
retinal vessels in their course over the spots.) Spots of pigment in the retina are not, 
however, limited to pigmentary degeneration of the latter; on the contrary, the mi- 
gration of pigment into the retina may take place ultimately in every case of retino- 
chorioiditis. This is particularly the case in syphilitic retino-chorioiditis, in which the 
pigment in the retina can, moreover, assume the bone-corpuscle shape, so that a picture 
quite similar to that of pigmentary degeneration may be produced (Férster). In cho- 
rioiditis, however, there are also usually present atrophic changes (white spots) in the 
chorioid, which are wanting in retinitis pigmentosa. [See Fig. 255, F.] Nevertheless 
there are cases in which the diagnosis is very difficult, and can only be made with the 
aid of the previous history and the careful testing of the function. Compare also re- 
marks on Ophthalmia Hepatica, page 459. ; 

Not only is pigmentation of the retina not confined to pigmentary degeneration 
of this part, but, on the other hand, such degeneration 1s not necessarily associated 
with the presence of pigment. There aze cases of what are called retinitis pigmentosa 
sine pigmento, in which the same gradual attenuation of the retinal vessels, progres- 
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sive atrophy of the optic nerve, hemeralopia, and ultimate blindness are observed as in 
retinitis pigmentosa, and only the migration of pigment into the retina is absent. These 
cases resemble congenital hemeralopia, in so far as in this also there is hemeralopia with- 
out any pigmentation of the retina being present., A further point of resemblance is that 
congenital hemeralopia frequently occurs in several members of the same family. The 
distinction between these cases and retinitis pigmentosa sine pigmento is that in the 
former the fundus presents no signs of atrophy of the retina or optic nerve, and vision 
remains good throughout life. The condition, therefore, is a stationary one as opposed 
to the slowly but surely progressing retinitis pigmentosa. 

An affection allied to retinitis pigmentosa is retinitis punctata albescens (Gayet, 
Nettleship). This in all the rest of its symptoms agrees with retinitis pigmentosa, but 
instead of the pigmentation of the retina shows hundreds of small white dots, which 
are distributed pretty uniformly over the whole fundus. [These dots closely resemble 
druses (see page 457 and Fig. 198), with which, indeed, Leber believes they are identi- 
cal.—D.] 

527. Retinitis pigmentosa attacks both eyes. It develops in childhood, 
and would seem to be congenital in many cases, although it usually is not 
discovered until some time after birth. Inheritance plays a great part in its 
production; retinitis pigmentosa occurs frequently in brothers and sistefs, 
and also in several successive generations. The female members of the 
family are less frequently affected than the males. It is often found at the 
same time with other congenital anomalies, like deafness, mental weakness, 
harelip, or supernumerary fingers or toes, or with malformation of the eye, 
such as persistent hyaloid artery, posterior polar cataract, ete. After it has 
lasted a pretty long time, posterior cortical cataract usually develops. In 
almost a fourth of the cases the disease occurs in individuals descended from 
consanguineous parents. Herein apparently lies the explanation of the fact 
that pigmentary degeneration of the retina is so frequently associated with 
other congenital anomalies, since these latter also occur as a result of the 
consanguinity of the parents. 

Treatment is powerless against pigmentary degeneration of the retina, 
and the prognosis, therefore, is bad, since complete blindness inevitably 
supervenes—though not, to be sure, until after the lapse of many years. 


For treatment we may try mercury, potassium iodide, hypodermic injections of 
strychnine, the constant current, diaphoresis, and the like. We do this more for the 
satisfaction of the patient than anything else, for, although we do sometimes obtain an 
improvement of the sight, it is only a transient one. [Considering the extreme slowness 
with which the disease progresses, a hopeless prognosis should not be given in these cases, 
to these patients, who can often get adequate vision for a good many years by properly 
selected glasses, changed when required. If a cortical cataract develops, causing im- 
pairment of sight, this can be removed, sometimes with quite satisfactory results.—D.] 

[528. Other Forms of Retinal Degeneration.—Allied to retinitis pigmentosa are 
the conditions knows as central and diffuse tapeto-retinal degeneration (Leber). In the 
former, which is nearly always bilateral and usually occurs in several members of the 
same family, white spots (druses) and varying pigmentary changes oecupy the maculo- 
papillary region, and in the latter there are fine diffuse pigmentary changes. Thiscentral 
form develops usually after the age of ten, but sometimes not till after middle life or 


DISEASES OF THE RETINA 589 


fater, and causes progressive diminution and ultimate loss of central vision. The diffuse 
form causes total or nearly total blindness, which may begin at or about birth or not 
till later in childhood. It often occurs in several members of the same family and is 
frequently associated with cerebral degeneration producing idiocy .(amaurotic family 
dementia—a condition not to be confounded with the amaurotic family idiocy, described 
on page 584, in which the site and nature of the lesions are different). It is a not infre- 
quent cause of congenital blindness.—D. ] 

[Another form of degeneration is characterized by a very extensive atrophy of the 
pigment epithelium and the chorioid, so that the normal red of the fundus is replaced 
by a great glistening white area. This may occupy nearly the whole fundus, a small 
portion round the macula and nerve being alone exempt (atrophia retine totalis); or 
may form a peripherally situated, lobulated white ring, surrounding a more or less 
intact central red area (atrophia retine gyrata). Pigmentation usually occurs as in retin- 
itis pigmentosa, and, as in the latter, the condition often is found in several members of 
the same family (Leber). —D.] 

[Cystoid degeneration of the retina, perhaps due to cedema of the latter, occurs as 
a senile change near the ora serrata and in younger subjects in other parts of the retina, 
in eyes affected with a variety of diseases. Sometimes it occupies the macula, producing 
a hole there. Rarely, if ever, is cystoid degeneration diagnosticated with the ophthal- 
moscope, being discovered only with the microscope in enucleated eyes (Leber).—D.] 

A special form of pigmentation of the retina are the angioid pigment streaks. In 
this condition a brownish or reddish stripe surrounds the papilla, at some distance from 
it, and sends off radiating strie toward the periphery. These look like vessels, but are 
more ribbon-like and varicose and not of as pure a red as blood-vessels. They lie in 
the outermost layers of the retina; their cause and the way in which they develop have 
not yet been certainly determined. 

529. Anatomical Changes in Inflammation and Atrophy.—In inflammation the 
signs of inflammatory cedema exist, or those of a cellular infiltration due to extravasated 
white blood corpuscles; also extravasations of blood. The changes at the same time 
observed in the tissue elements of the retina itself are: -1. Fatty degeneration both of 
the nervous elements and of the supporting tissue of the retina. 2. Thickening (sclerosis), 
especially in the nerve fibers of the fiber layer. 3. Free exudate under the form of homo- 
geneous masses interposed between the tissue elements. The three changes just men- 
tioned constitute the principal cause of the brilliant-white spots occurring in many 
cases of retinitis (particularly in retinitis albuminurica). 4. Hypertrophy of the sup- 
porting tissue, which becomes the more prominent in proportion as the inflammation 
passes over into atrophy. 5. T hickening of the walls (sclerosis) of the blood-vessels, 
leading to the contraction of their lumen or even to their obliteration. 6. The migra~ 
tion of pigment cells into the retina. These are ordinarily regarded as derivatives of 
the pigment epithelium from which they emigrate into the retina, where they may 
undergo spontaneous multiplication. But according to Kriickmann they are glia cells 
of the retina itself, which have simply taken up pigment from the cells of the pigment 

itheli ig. 259). 
ites ates ncaa inflammation, the retina has become perfectly atrophic, 
it consists of a reticulum which is derived from the supporting tissue and which con- 
tains pigment cells, but from which the nervous elements have disappeared without 
leaving a trace of their presence. The blood-vessels are in great part obliterated and 
converted into solid strands of connective tissue. nf pane 

Many pathological changes in the retina do not originate in it, but are derived 
from an affection of the chorioid, which contributes so greatly to the nourishment 


of the retina. If we divide the ciliary vessels in rabbits and thus interfere with the 
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circulation in the chorioid, degeneration of the retina ensues, with migration of pig- 
ment into the latter (Wagenmann). [So, too, chorioidal exudates are associated with 


inflammation and adhesion of the overlying retina. —D.| 


TV. DETACHMENT OF THE RETINA 


530. Objective Signs.—Detachment of the retina (ablatio sive amotio 
retin) is diagnosticated by means of the ophthalmoscope, which shows the 
detached retina under the guise of a delicate gray membrane that rises above 
the level of the norma! fundus and projects forward into the vitreous (Fig. 
260). Exteriorly the eye looks normal, only the anterior chamber is often 
strikingly deep and the tension is also diminished. 


Fra, 260.—Sprous DrracHMEnt oF THE Retina tN Myopia 


A woman of sixty-two, having previously been very myopic, had for four years suffered from a 
cataract in the right eye. After the removal of the cataract by operation, the lower half of the retina 
proved to be detached, thrown into folds, and tremulous. The upper border of the detached retina 
lay upon the lower border of the papilla, and concealed it. To the outer side the detachment is sharply 
demarcated from the normal fundus, while to the inner side it spreads out quite gradually into two or 
three flat folds. On the erests of the folds the detached retina looks lighter than in the depressions be- 
tween them. The retinal vessels running downward from the papilla soon after they start disappear 
behind the overhanging edge of the detached portion of the retina, and are apparently interrupted 
at this spot In their subsequent course they are distinguished by the remarkably sharp bends they 


mre en Ayia ion the folds of the detached retina. The outer side of the optie disk is bordered 
a ya CECB Gente rescent, which is about half the width of the papilla, and is attributable to the 
nyopia pre-existing in the eye Che outlines both of this papilla and the crescent are hazy. The rest 


of the fundus is tessellated—i. e., displays the chorioidal vessels and the dark intervascular spaces 


The detached postions of the retina, being pushed forward, exhibit a lower degree 
of refraction than the rest of the fundus: they are, in fact, generally very hypermetropic. 
On account of this difference of refraction one cannot, using the erect image, see the 
detached and the adjoining portions of the retina distinctly at the same bine: it being 
possible to do this only by means of the indirect method. In order to examine with 
the erect image, we had best hold the mirror some distance off when looking into the 
eye; and at the same time we may place a convex lens (e. g., one of +3 D) behind 


the mirror. If the retina is pushed verv far f . ; 
the retina is pushed very far forward it can actually be seen by lateral 
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illumination when the pupil is dilated; a gray membrane, with the characteristic retinal 
vessels, being recognized deep down in the eye. 

The ophthalmoscopic appearance of a detachment differs according as the case is 
one of serous detachment or of detachment due to a tumor or a cysticercus. 

In serous detachment of the retina from the chorioid, the pigment epithelium 
Temains in its place upon the latter. The retina, therefore, is at first transparent, but 
very quickly becomes cloudy, because it is separated from the chorioid, which in great, 
part provides for its nutrition. The detached retina, accordingly, has a light, rather 
transparent gray color and a dull luster. If some blood is mixed with the subretinal 
serum, the detachment acquires a greenish tinge. The retina lies in folds of ereater 
or less size, whose tops show a whitish sheen; and it shakes all over when the eye is 
moved. ‘The gray hue and dull luster, the folds, and the tremulousness of the detached 
retina justify the comparison made between it and a gray silk or satin fabric. 

A thing that especially characterizes a detached retina is the appearance presented 
by the blood-vessels that run over it. Inasmuch as these follow the folds of the retina, 
they are very tortuous, and some of their bends are entirely concealed between the 
folds. The blood-vessels are dark red, indeed almost black, as though the blood cir- 
culating in them had been altered in character. This, however, is not the case, the 
dark color being really due to the fact that the blood-vessels are in part at least seen 
by transmitted light, since some light always passes through the detached retina and 
is then reflected from the more posteriorly placed chorioid. The blood-vessels, con- 
sequently, look dark for the same reason that opacities in the media appear black. 

The sides of the detachment may merge by a gradual slope into the surrounding 
retina, or they may be baggy and overhanging. In extensive detachments the papilla 
is partly or wholly concealed by the overhanging retina. Very flat detachments are 
rather hard to diagnosticate. In this case the red hue of the fundus shows a slight 
gray cloudiness in the parts affected, and is traversed by low folds of a rather lighter 
gray; but the main thing that enables the diagnosis of detachment to be made is the 
unusual tortuosity and the dark color of the vessels. When there is a flat detachment 
in the region of the macula, we can sometimes see at a point corresponding to the 
macula a pale-red spot in the detached retina. 

The detached retina sometimes exhibits white patches, extravasations of blood, 
or pigmented spots. Particularly often there is found a rent in it (ruptura retina). 
The rent lies generally in the periphery of the fundus, and most frequently in its upper 
part. The edges of the tear gape and are frequently everted, so that we can see between 
them for quite a long distance the more posteriorly placed chorioid. The latter owing 
to its vivid red color forms a marked contrast with the gray of the detached retina. 
According to Leber, rupture of the retina plays an important part in producing detach- 
ment in myopic eyes. For in myopic eyes delicate membranes develop in the anterior 
portion of the retina and on its interior surface and by the subsequent shrinking of 
these membranes traction is made on the retina. This throws the retina into folds, and 
may even, because of the delicate structure of this membrane rupture it, whereupon 
liquefied vitreous passes through the rupture and beneath the retina. This accounts 
not only for the detachment itself, but also for its sudden development. 

For detachment due to tumor, see pages 474 and 596. — 

In cysticercus subretinalis a rounded, rather sharply cireumseribed detachment 
is found, beneath which may be recognized the bluish-gray eysticercus bladder with 
its lighter colored margin (Fig. 261). The detached retina is not tremulous, but spon- 
taneous movements may be made out through it taking place in the bladder. [Other 
entozoa, found very rarely in the retina, are the echinovoccus, filaria, and Jarve of 


diptera (Leber).—D.] 
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531. Symptoms.—The subjective symptoms of detachment of the 
retina consist in the disturbance of vision that it causes. This is character- 
ized above all by a limitation of the field of vision, which is often perceived 
as a positive phenomenon by the patient. A dark cloud lies over a part of 
the field of vision, corresponding in location to the detached portion of the 
retina, which has partially or entirely lost its sensitiveness to light. If, as 
is so frequently the case, the detachment lies below, the patient complains 
of a dark curtain which veils from him the upper part of objects. For 
instance, he does not see the head of a man standing in front of him. Hence, 


Fie, 261.—Cysticrercus SUBRETINALIS IN A WOMAN TWENTY-SIX YEARS OF AGE, WHO HAD NOTICED 
A SUDDEN DIMINUTION IN HER SicHr Two Monrss PREVIOUS 

The papilla is encompassed on its outer and lower side by an irregular crescent. The region of 
the posterior pole of the eye is occupied by a bladder-like detachment of the retina This detachment 
has a faint-gray hue, and allows the red of the fundus to appear through it, although dully. The edge 
of the bladder shows a light-gray, silky luster, while in the center. of the bladder a bright yellowish- 
white speck is visible, which corresponds to the animal’s head, The retinal vessels run up upon the 
bladder without showing any marked bend as they pass its edges. The bladder displays active spon- 


taneous movements, in which the central white speck changes its position, shape, and size. Between 
the papilla and the inner edge of the bladder is an irregular, light-colored speck in the retina lying 
beneath a small retinal vessel. The upper part of the fundus is of a uniform red, the lower is somewhat 


albinotic, so that the dark chorioidal vessels stand out distinctly upon the bright-red background 
the examination of the field of vision is of great importance for the diag- 
nosis of detachment of the retina (see also page 593). Direct vision is pre- 
served as long as the detachment has not yet extended to the site of the 
macula lutea. 

In the beginning of a detachment of the retina, objects frequently appear crooked 
(melamorphopsia), in consequence of the oblique position of the percipient retinal ele- 
ments. [See page 125.) Photopsia, too, is often caused by the traction upon the retina, 
and often gives the first warning of the advent of the detachment. 

632. Course.—The detachment of the retina is at first partial—i. e., is 
confined to one portion of the retina. , It may develop at any spot whatever 
of the retina, but most often ‘at its upper part and usually (in case it is 
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caused by fluid) changes its place afterward, for, as the subretinal fluid sinks 
on account of its weight, it depresses the detachment gradually to the lower 
part of the eye; hence detachments of the retina are most frequently found 
low down, although their original situation very often was at some other 
spot im the fundus. 

Every detachment of the retina has a tendency to enlarge and finally 
becomes total. In the latter case we find the retina pushed forward en 
masse, and connected with its bed at two points only—at the papilla and 
. at the ora serrata. Then the detached retina forms a plaited funnel, begin- 
ning at the papilla and opening out in front, a shape which Arlt has well 
compared to that of the flower of a convolvulus (see Figs. 176, 207 and 208). 


In its later stages a detachment of the retina, whatever its origin, is frequently 
made inaccessible to observation with the ophthalmoscope, owing to turbidity of the 
media, especially of the lens and vitreous, and hence the diagnosis is rendered difficult 
or impossible. In such cases the diagnosis must be based upon two factors—upon 
the field of vision and the intra-ocular tension. If qualitative vision is lost on account 
of the turbidity of the media, the field of vision must be tested with the candle flame 
in a darkened room (see page 115). In detachment of the retina a corresponding limita- 
tion of the field will then be found. The intra-ocular tension in detachment of the 
retina is generally reduced, because the volume of vitreous is diminished; for the same 
reason the anterior chamber is often found to be deepened, because the lens has sunk 
backward. When in advanced cases of irido-cyclitis, irido-chorioiditis, or complicated 
cataract we find limitation of the visual field and reduction of the tension, we are warned 
that complete blindness due to total detachment of the retina and subsequent atrophy 
of the eyeball is imminent. 

In that form of detachment of the retina which is produced by active propulsion 
of the retina away from the chorioid (see page 595) the tension is not diminished, but 
rather is increased. Hence, increase of tension with detachment of the retina is in doubt- 
ful cases an argument that an intra-ocular tumor is the cause of the detachment (Von 
Graefe). 

The retina, when but recently separated, retains for some time its sensitiveness 
to light, and, if it soon becomes re-attached, may resume its function perfectly. Thus 
there is a possibility afforded of a cure of the detachment in respect to function as well 
as in other regards. Moreover, it sometimes happens that the sight improves very much, 
although the detachment remains and is not diminished in size. Such an apparent 
cure is brought about, whenever the detachment, after occupying the site of the macula 
lutea, afterward settles lower down, so that the macula resumes its function, and nothing 
is left but a peripheral contraction of the visual field, that causes but little disturbance. 
But a real spontaneous cure of retinal detachment by re-attachment of the retina does 
occur. This, to be sure, is very rare. Moreover it is imperfect in this regard; first, 
that the attachment is ordinarily not complete and, second, that the attached portion 
of the retina is so greatly damaged as to have very little functional power. [Re-attach- 
ment is more likely to take place in the comparatively infrequent cases due to active 
propulsion by exudation or hemorrhage (see page 595). A cure in the sense of re- 
attachment occurs in about 8.5 per cent of the cases, but restoration of even moderately 
useful vision occurs in from 3 to 6 per cent only (Leber).—D.] As arule a re-attachment 
can readily be made out with the ophthalmoscope. The fundus in the region concerned 
is spotted, as in old chorioiditis, owing to partial disappearance of the pigment epithe- 
lium, and is quite frequently traversed by rectilinear strize, which are either pure white 
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or lined with pigment, and which lie back of the retinal vessels (retinal strands, retinitis 
striata). The whole affected area is demarcated from the remaining, normal fundus by 
a sharp, usually curved line, which is yellowish or gray and is encompassed by pigment. 

After a detachment has lasted some time, the retina becomes entirely atrophic. 
It has then lost its sensitiveness to light, and, moreover, becomes again transparent. 
At the same time the recognition of the detachment by means of the ophthalmoscope 
becomes more difficult, being now made mainly from the anomalous characters pre- 
sented by the vessels. 

533. Etiology.—The retina simply lies upon the chorioid without being 
connected with it anywhere except at the papilla and the ora serrata. In 
the dissected eye it can be lifted from its bed with the greatest ease. In the 
living eye the retina is kept pressed against the chorioid by the vitreous. 
A detachment of the retina, therefore, is possible only when either the 
pressure exerted by the vitreous ceases to act, or when the retina is pushed 
from its bed by a force greater than this pressure. 

(a) The former variety of detachment occurs when through disease of 
the vitreous the pressure exerted by it is diminished or becomes absolutely 
negative—i. e., is converted into a traction. This occurs: 1. When a pretty 
large quantity of vitreous has escaped, in the case of injuries or of opera- 
ations. 2. When shrinking of the vitreous is produced on account of some 
disease of it. The most frequent cases of this sort are those in which the 
formation cf exudates has taken place in the vitreous in irido-cyclitis or 
irido-chorioiditis. When these exudates become organized and shrink they 
draw the retina, to whose surface they are attached in places, away from 
the chorioid. This form of detachment, it is true, cannot be seen with the 
ophthalmoscope, inasmuch as the media are to cloudy, but can be readily 
diagnosticated by means of the softening of the eyeball and the contraction 
of the field of vision. 

When the retina is detached from the chorioid by alterations taking 
place in the vitreous, fluid transuded from the chorioidal vessels collects 
between the retina and the chorioid, owing to the negative pressure set up 
beneath the retina by reason of its detachment. This subretinal fluid is a 
quite albuminous, usually rather yellow serum, and hence detachments of 
the retina of this sort are called serous. 

In high myopia a serous detachment of the retina, which can be seen 
with the ophthalmoscope (Fig. 260), often occurs without there having 
been any antecedent inflammation. It constitutes by far the greatest of 
the dangers that threaten very near-sighted eyes. The way in which the 
detachment is produced has not yet been altogether cleared up. ‘Most 
probably in this case we have to do with the result of changes in the 
vitreous. Such changes, consisting of floating opacities and liquefaction, 
can actually be made out with the ophthalmoseope in the myopie eye. 
The same is conjecturally true of the so-called senile detachment of the 
retina, which sometines occurs in elderly people without any special cause 
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and which should probably be attributed to senile changes taking place in 
the vitreous. 

(b) Much less frequent are those cases in which the separation takes 
place in consequence of an active propulsion of the retina away from the 
chorioid. The causes of such a propulsion are: 1. An acute process of 
exudation from the chorioid, as occurs in purulent chorioiditis and in phleg- 
mons in the orbit. 2. Hemorrhage from the chorioidal vessels, whether 
spontaneous or due to injury. 3. Tumors of the cherioid or of the retina, 
and also a cysticercus developing beneath the retina. 

Among the causes of detachment of the retina must be mentioned scars that re- 
main after perforating wounds in the region of the sclera. Such scars may be produced 
by accidental traumatism or by operation (page 350). They attach the retina to the 


chorioid and the sclera, and by their subsequent contraction cause a strain upon the 
retina that leads to its detachment from its bed. 


534. Treatment.—Treatment in serous detachment of the retina must 
seek to secure the absorption of the subretinal fluid. This may be accom- 
plished by purely medicinal means, i. e., by diaphoresis, by the use of pur- 
gatives or preparations of iodine, and by subconjunctival injections of salt 
solution mercury oxycyanide, or dionin (see page 66); also, in case it is tol- 
erated by the eye, by a pressure bandage applied with moderate firmness. 
Of operative procedures, may be mentioned the superficial cauterization of 
the sclera with the galvanocautery, after the sclera at the site of the detach- 
ment has been exposed by dissecting up the conjunctiva; also puncture of 
the sclera (see § 880) for withdrawing the subretinal fluid directly. We 
undertake puncture of the sclera when the other measures have failed us, 
or when at the start we are dealing with a baggy detachment produced by 
a large amount of fluid. The puncture is made at the spot where the detach- 
ment is most pronounced, for which purpose the site and extent of the 
detachment must have been precisely determined beforehand with the aid 
of the ophthalmoscope. Only as much fluid is allowed to escape as will flow 
off spontaneously. Puncture, may if necessary be frequently repeated. 
{Puncture may be combined with cauterization of the sclera or the puncture 
may be made with the galvanocautery. Recently good results have been 
had by combining puncture with a trephining by Elliot’s method, (Curtin) 
—D.] 

In every form of treatment the patient should keep to his bed for sev- 
eral weeks, since the detachment is increased in size by movements of the 
body. Hence it is that patients with detachment of the retina generally 
state that they see best in the morning after prolonged rest in bed, and that 
their sight gets worse again as the day passes. [Occasionally rest in bed, 
alone, will effect a cure. It is most serviceable in recent cases when the 
detachment is still in the upper part of the retina. Later, when the 
detachment has settled it is useless (Leber).—D.] 
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By these methods of treatment it is generally possible in recent and 
not too excessive cases of separation of the retina to obtain an improvement 
of the sight by partial attachment of the retina, and in especially favorable 
cases even to cause the detachment to disappear completely. Unfortun- 
ately, it is only in the rarest cases that these good results are lasting. As a 
rule, after some time the separation develops anew, and ultimately in spite 
of all our therapeutic endeavors becomes total, so that the prognosis of 
retinal detachment in general must be characterized as very unfavorable. 
The cause of the recurrences lies in the fact that no treatment is able to do 
away with the lesion which usually lies at the bottom of the trouble— 
namely, the altered state of the vitreous. In inveterate cases or in total 
detachment of the retina, we had better abstain from any form of treatment. 
In total detachment of the retina, cataract usually develops later on, the 
eye becomes soft, and a slight degree of atrophy of the eyeball supervenes. 
Moreover, iritis is not infrequent in eyes with detachment of the retina. 

When the retina is detached by means of a neoplasm, enucleation of 
the eye must be performed. A cysticercus occurring beneath the retina, 
may be extracted by an incision into the sclera, and the eye may thus be 
preserved in a condition serviceable for vision. 


{[Deutschmann has reported remarkably good results from division of the vitreous 
bands by a double-edged knife, or, when this fails, by the injection of an artificial vit- 
reous. Birch-Hirschfeld withdraws the subretinal fluid and injects this (pure or mixed 
with salt solution) into the vitreous.—D. | 

[Patients in whom a one-sided detachment has already occurred or in whom, 
because of their high myopia, detachment may occur at any time, should be warned to 
abstain from near work or straining eye work in general and to avoid excessive physi- 
cal exertion.—D.] 


V. Tumors oF THE RETINA 


535. Glioma.—Glioma is [almost] the only neoplasm which occurs in 
the retina. It is found only in children. In a ease of it the parents notice 
that a bright, whitish, or golden-yellow reflex emanates from the pupil, 
which sometimes even is noticeable at a distance. For this reason the dis- ° 
ease since the time of Beer has been known as amaurotic cat’s eye; amaurotie, 
because the eye is blind; and cat’s eye, because it shines like cats’ eyes in 
the dark. If such an eye is examined by focal illumination, we recognize 
as the cause of the reflex a light-colored nodular mass (the degenerated 
retina) situated behind the lens and covered over with minute vessels, 

The subsequent course of the glioma shows the same stages that we have 
_ learned to recognize in the case of chorioidal tumors (see page 474). In the 
first stage, inflammatory symptoms are absent; the disease manifests itself 
only by the light colored reflex and the blinding of the eye. The second 
stage is characterized by the development of increase of tension. The eye 
becomes irritated and painful, and the child begins to suffer. [Occasionally 


' either from exhaustion or from the 
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in this stage, the eye instead of becoming glaucomatous, shrinks and takeson 
temporarily the characters of phthisis bulbi (ef. page 476)—D.] Afterward, 
in the third stage, the tumor grows out from the eye, first of all along the 
optic nerve, then in other places as well, particularly through the cornea or 
in its vicinity.. The eye at length is transformed into a large, ulcerated, 
painful, and readily bleeding mass [exophthalmia fungosa], which fills the 
whole orbit and projects out between the lids. In the fourth stage the tumor 
spreads to remote organs. Through transfer by continuity it passes along 
the optic nerve to the brain; and by way of metastasis it spreads to the 
neighboring lymphatic glands and also to the most various internal organs 
(most frequently to the liver). [Ac- 
cording to Leber, metastases are un- 
common so long as the glioma remains 
confined to the eye, and when they do 
occur later usually occur in the bones 
of the skull or face—rarely in the 
liver.—D.] The children finally die 


spread of the neoplasm to vital or- 
gans, especially the brain. The course 
of the disease from its very outset to 
its fatal termination usually extends 


Fie. 262.—G.LIoMA OF THE RETINA. 


over several years. 

Glioma, as a rule, attacks only 
one eye, although numerous bilateral 
cases have also been seen. It is found 
in children only, and mostly before 
the fifth year of life. [Most cases de- 
velop before the age of three and prob- 
ably over half before the age of two. 
Less than 2 per cent have been ob- 
served after the age of ten, and the 


Magnified 2 x 1 
The glioma has spread over the entire extent 


of the retina. The latter on its nasal side, n, 
has been completely consumed in the forma- 
tion of the new growth, while on the temporal 
side, t, the external retinal layers are still in 
places preserved (at a). The pseudoplasm also 
covers the optic papilla, N, into the excavation 
of which it penetrates. In the anterior seg- 
ment of the vitreous lie isolated nodules, the 
largest of which, k, is connected with the ora 
serrata. The anterior segment of the eyeball 
shows the effects of the increase of tension; that 
is, shows on the nasal side the apposition of the 
root of the iris to the sclero-corneal junction, 
while at the point corresponding to this on the 
temporal side the precursor of a staphyloma 
intercalare can be perceived under the form of 


an excavation, b. 


oldest authentic case known was be- 
tween fifteen and sixteen.—D.| Often it is observed at such an early age 
that its beginning must be dated back to fetal life. This, as well as the 
fact that several children in the same family are one after another affected 
with glioma, would argue that the cause of it is in many cases to be looked 
for in a congenital vice of development. 

Treatment consists in the promptest possible removal of the neoplasm. 
So long as the growth is still confined to the eyeball, it is sufficient to enu- 
cleate the latter, in doing which we take care to divide the optic nerve as far 
back as possible. In such cases we may hope for a permanent cure. When, 
the tumor has perforated the eyeball and is growing outside of it, but is still 
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confined to the orbit, complete removal of the neoplasm can still be attained 
through exenteration of the orbit (see § 897). But in this case rapid recur- 
rences both in loco and in the neighboring lymphatic glands seldom fail to 
occur. Nevertheless, even in such cases the operation is indicated, because 
by the removal of the local focus of disease the child is spared much suf- 
fering. 

From what has been said, the prognosis is favorable only when the 
operation is performed very early. [Almost 40 to 50 per cent of cases oper- 
ted on early are cured (Leber). Three cases of spontaneous recovery by 
permanent shriveling have been reported. In inoperable cases, actino- 
therapy with X-ray or radium may help the process or relieve pain, and in a 
bilateral case, has caused disappearance of the tumor in one eye, after 
enucleation of the other (Axenfeld).—D.] 


Glioma retine (Virchow), in contradistinction tointra-ocularsarcomata, isnever pig- 
mented. It probably develops from remains of the embryonic retina, that have not been 
differentiated into distinct layers. The tumor is composed of small cells and a very soft 
basement substance (Fig. 263). The cells consist of a 
nucleus surrounded by a very scanty amount of proto- 
plasm which in many spots possesses minute processes. 

In many cases we find cells having the shape of 
cylindrical epithelial cells, arranged about an open 
space, so that the whole is like the cross section of a 
gland tubule (rosettes of Wintersteiner; Fig. 263). 
The multiplication of the tumor cells takes place 
mainly in the immediate vicinity of the numerous 
wide blood-vessels. Here, therefore, are situated the 


Fia. 263.—Guroma Retinm. (After youngest cells, which keep pushing the older ones 
Wintersteiner.) Magnified 500 X 1. i 


; - ’ further and further away from the nutrient vessels. 
The tumor consists of cells which 


have asingle nucleus, and surrounding The older cell-layers consequently undergo necrosis. 
the latter a very thin, often scarcely * Sie, ° So ane CES — 2 Si ‘ 
bauie (piclcplasmic. baay. ‘rhe hus in many eases the structure of the tumor be- 
left half of the drawing is occupied comes tubular, the vessels being surrounded by enve- 
by a structure which resembles the a aet $ : at 
cross-section of a tubular gland. Sur- lopes of living cells and lying with these cells in the 
rounding its lumen are long eylin- wee he ‘ Rep MLS ns ar tas ae ’ ae a = , 
Fidel sales aytione ‘nudiel fis wh Unaty midst of a necroti¢ mass. Che process of overgrowth 
peripheral extremities (rod and cone of the retina leads to its irregular thickening, and 
granules). The centrally directed ex- . : : Paes % 
tremities of the cells are bounded by Consequently to folding and detachment of it; but in 
a clear-cut line, the membrana limi- . i yah act es MRO oe 
CVE Sasn a  Cnvorm Ee Tatler auone Loom Cones as Vig. 262 shows, the detachment may 
conical processes of protoplasm (rudi- for a long time remain confined to a small eircum- 
mentary rods and cones) project into | shed) 9 
the lumen of the gland-like structure, S€TLoec spot. Neoplasm germs pass from the de- 
Right below the latter lies a rather ganpratad ratins . ul +s : 
ten ataticntonllt cose ladtrous boue gen rated retina both into the chorioid and into the 
one of those hyaline concretions that vitreous, where they subsequently develop into small 
sometimes occur in gliomata. : = 

independent nodules (k, Fig. 262). 


That a congenital morbid disposition very often lies at the bottom of glioma is 
shown by the following interesting observation which I once made: A mother brought 
her four-year-old son into the clinie with a glioma of the right eye. According to her 
statement, this had existed for only a year, but it was already far advanced; the eye- 
ball, as a whole, was verv much enlarged, and the pseudoplasm was growing out from 
it into the orbit. The entire orbital contents were removed, but nevertheless the child 
died half a year afterward with brain symptoms, while at the same time a new tumor 


= 
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could be felt in the orbit. Some months atterward the mother brought the next child, 
a two-year-old boy, with the statement that he had been blind in the right eye since 
birth, although it was only recently that she had noticed an enlargement of the eye. 
This child likewise had a glioma of the right eye, and also died of a recurrence about a 
year after the operation had been performed. Soon afterward the woman brought 
me her last child, then only a few months old, full of fear lest this one, too, might be the 
victim of the same frightful disease, because she had noticed in its left eye an appear- 
ance varying from the usual. This child, however, did not have a glioma, but a typical, 
congenital coloboma of the iris downward as well as a coloboma of the chorioid. 

The features of amaurotic cat’s eye may be produced not only by glioma, but also 
by exudate into the cavity of the vitreous [suppurative chorioiditis (page 468), retinitis 
exudativa (page 583), massive tubercle of the chorioid, also by primary atrophy of 
the retina, persistent hyaloid artery and a congenital anomaly in which layers of connec- 
tive tissue cover the posterior surface of the lens (Leber).—D.] Such cases are often 
hard to distinguish from glioma, and are hence designated by the name of pseudo- 
glioma. 

536. [Other Tumors of the Retina.—Carcinoma and sarcoma (primary and second- 
ary) have been described as occurring, though very rarely, in the retina. Tumor-like 
products of inflammation (cysts and granulomata) also occur. For the so-called 
angioma of the retina, see page 583.—D.] 

537. Injuries of the Retina.—Ruptures of the retina occur in consequence of contu- 
sions of the eyeball, even without perforation of the remaining tunics of the eyeball; 
but these eases of isolated laceration of the retina are extremely rare. The retina is 
much harder to tear than the chorioid, since in ruptures of the latter the retina is gener- 
ally found to be uninjured. Less infrequent are the spontaneous ruptures of the retina 
in detachment of the latter. 

A transient alteration of the retina after contusion of the eyeball is the commotio 
retine, described by Berlin. This is characterized by a milk-white cloudiness of the 
retina, which occupies either the vicinity of the papilla or that part of the retina which 
corresponds to the point at which the effect of the blow was felt. In many cases also 
the spot diametrically opposite is found to be clouded. At the same time a moderate 
reduction of central vision and often also a contraction of the field of vision are present. 


' The clouding of the retina disappears after some days, and with it also disappears the 


disturbance of vision that is produced. The condition, according to Rerlin, is an oedema 
of the retina; according to Leber, it is a stretching of the retina with minute lacerations. 

538. [Congenital Anomalies of the Retina.—Congenital aplasia or absence of the 
retinal vessels (with aplasia of the optic disk) has been observed in anencephalia and 
microphthalmus, and as a very rare anomaly in eyes that exteriorly appear normal. 
Other anomalies are sac-like protrusions of the retina at the macula and coloboma 
of the retina (see page 481). For medullated nerve fibers (which are notstrictly a con- 


genital anomaly) see page 565.)—D.] 


CHAPTER XI 


DISEASES OF THE OPTIC NERVE 


ANATOMY 


539. The optic nerve (nervus opticus) collects its fibers from the retina, 
and passes from the eye through the orbit and through the optic foramen 
into the cavity of the skull. Hence, three divisions are distinguished in the 
optic nerve: (a) The intra-ocular termination, which is found within the 
sclera; (b) the orbital portion from the eyeball to the optic foramen; and 
(c) the intra-cranial portion from the optic foramen to the chiasm. 

540. Intra-ocular Portion.—To get from the retina to the exterior of 
the eye, the optic nerve must pierce the chorioid and sclera. The spot where 
this takes place lies a little to the inner side of the posterior pole of the eye 
(Fig. 144). The opening in the sclera through which the optic nerve leaves 
the eye is called the foramen sclere, and really consists of a short canal 
(sclerotico-chorioidal canal); the segment of the optic nerve lodged in this 
is its intra-scleral portion. Accurately speaking, a complete aperture for 
the optic nerve exists neither in the sclera nor in the chorioid, but the two 
membranes conduct themselves as follows: The external lamellze of the 
sclera, which occupy about two-thirds of its thickness, are not perforated 
by the optic nerve at all, but are reflected backward upon it to form its exte- 
rior sheath (Fig. 264, D). The innermost lamelle of the sclera, on the con- 
trary, stretch over the foramen sclere, and are perforated by numerous 


EXPLANATION OF Fic. 264.—LONGITUDINAL SEcTION THROUGH THE HEAD OF THE Optic NERVR. 
Magnified 60 X 1. 

In its passage through the sclerotico-chorioidal canal the optic nerve shows an irregular conical 
contraction. The fibers of the nerve are collected into bundles, n, separated by septa, s. Under the 
form of rows of nuclei, which belong to the neuroglia cells, the continuation of the septa can be fol- 
lowed to the head of the optic nerve. The axis of the nerve is occupied by the central vein, v, and 
the central artery, a, which is situated to the nasal side of the vein. The optic nerve is traversed 
transversely by the lamina cribrosa, which separates the trunk from the head of the nerve. The fibers 
of the lamina cribrosa arise from the wall of the scleral canal, traverse the nerve in a slightly con- 
cave arch (the concavity being directed to the front), and are inserted into the connective tissue that 
accompanies the central vessels. About at the level of the inner layers of the chorioid, the nerve 
fibers diverge like a sheaf, so as to form a funnel-shaped depression—the vascular funnel, G. More 
fibers pass to the nasal than to the temporal side of the papilla, for which reason the former side is the 
higher. The fibers of the optic nerve pass over into the fiber layer (1), of the retina. Succeeding this 
are the other layers of the retina, namely the layér of ganglion cells (2), the inner granulated or plexi- 
form layer (3), the layer of inner granules or bipolar cells (4), the outer granulated or plexiform layer 
(5), the layer of outer granules or of the bodies of the visual cells (6), the limitans externa (7), and the 
layer of rods and cones (8). The layers of the retina stop short at the head of the optic nerve, the outer- 
most layer, 8, extending the furthest in. The innermost fibers of the sclera, which form the wall of the 
scleral canal, accompany the optic nerve backward and form its pial sheath, P, which is in intimate 
relation with it. At a point further back from the nerve-head the outer layers of the sclera are reflected 
backwards and form the dural sheath, D, which envelops the nerve loosely. Between these two 
sheaths lies a third, the arachnoid sheath, A, which divides the intervaginal space of the optie nerve 
into the subdural space, sd, and the subarachnoid space, sa. Anteriorly both end by a ecul-de-sae in 
the substance of the sclera. 6 is the cross section of one of the numerous subarachnoid trabecule 
which connect the arachnoid to the pial sheath. In the wall of the scleral canal is seen the cross 
section of some blood-vessels, belonging to Zinn’s scleral circle. Between the sclera, S, and the 
retina, R, lies the chorioid, Ch. The innermost layer of the latter, the lamina vitrea, 10,is the one 
that extends the furthest in toward the nerve-head, and the fibers of the nerve are constricted by the 
edge of the lamina. Upon the lamina vitrea lies the pigment epithelium, 9, which belongs to the retina 
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and which on the nasal side extends as far as the lamina vitrea, but on the temporal side stops some- 
what short of it. On both sides the pigment epithelium gets to be thicker and more pigmented toward 
its edge—a state of things which answers to the chorividal ring that can be seen with the ophthal- 
moscope. The succeeding layers of the chorivid, the chorio-capillaris, 11, and the layer of medium 
and large sized vessels, 12, do not extend quite up to the optic nerve on the temporal side, because 
a layer of connective tissue representing a continuation of the sclera juts in between the two. 
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openings designed for the passage of the separate funiculi of the optic nerve. 
Ina similar fashion, a few fibrous bands from the chorioid are also continued 
over the foramen sclere. Within the latter, therefore, the optic nerve is 
traversed by numerous septa of tough connective tissue. These form the 
lomina cribrosa, which bridges over the foramen sclere, and is so called be- 
cause it is everywhere pierced by funiculi of the opticnerve. (Seeninsagittal 
or longitudinal section in Fig. 264, in frontal or cross section in Fig. 267.) 

If we look at the optic-nerve entrance in longitudinal section, we see 
that at its point of entrance into the sclera it is narrowed down in conical 
shape (Figs. 264, 265), so that the spot corresponding to the lamina cribrosa 
is the slenderest portion of the optic nerve. This narrowing of the optic 
nerve appears still more marked when we consider that at the site of the 
lamina cribrosa the connective-tissue septa are particularly numerous and 
of large size. The space left for the nervous constituents of the optic nerve 
is hence very considerably reduced at this spot. (Compare Fig. 266 with 
Fig. 267.) How, then, is it possible that the bundles of nerve fibers can go 
through this narrow passage? A glance at the longitudinal section of a fresh 
optic nerve gives the explanation of this. Such a section shows the nerve 
to be white as far as the lamina cribrosa, while in front of it it is of a trans- 
lucent gray. The white hue of the optic nerve in its extra-ocular portion 
depends upon the fact that the optic-nerve fibers here are medullated, and 
therefore opaque (Fig. 265). In their passage through the lamina cribrosa 
the nerve fibers lose their medulla, and consequently become transparent; 
hence, the translucent, gray appearance of the head of the optic nerve. 
With the loss of the medulla, the diameter of each individual nerve fiber 
diminishes very considerably, so that their aggregate bulk finds room in the 
narrow foramina of the lamina ecribrosa. 

The lamina cribrosa plays an important part in pathological processes. 
In the first place, it is the weakest spot of all the tunics of the eye, being 
here constituted only by the innermost layers of the sclera (together with a 
few fibers of the chorioid), which, moreover, are perforated by the foramina 
for the bundles of fibers of the optic nerve. Hence, in case of increase of 
tension, this spot is the first to give way. In the normal eye the lamina 
cribrosa runs straight, or with but a slight backward curvature, across the 
optic nerve. With increase of tension, it recedes more and more, and thus 
forms the glaucomatous excavation. A second reason for the production of 
pathological changes lies in the fact that within the foramen sclere, and 
particularly within the limits of the lamina cribrosa, the optic nerve is 
tightly inclosed between firm, fibrous walls, a thing that occurs at no other’ 
spot in its course. Here, therefore, when swelling of the optic nerve takes 
place, constriction and strangulation of it may readily occur. The foramen 
sclere, accordingly, in this case play a part like that which the fibrous ring 
of the hernial orifice does for the viscera lying in front of it. 
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That portion of the optic nerve situated in front of the lamina cribrosa, 
in the interior of the eye itself, is the head of the optic nerve (papilla nervi 
optici). It is the part of the optic nerve which even during life can beseen by 
means of the ophthalmoscope. The name papilla was selected by the older 


nas. 
temp. 


£7 d j, t/ 
Fic. 265.—Lonerrupinat Section THROUGH THE Optic Nerve Heap. Magnified 20 x 3. 

_ The nerve fibers of the trunk of the nerve, whenever they are medullated, are stained black by 

Weigert’s hematoxylin stain. The medullary coating extends as far as the lamina. Proceeding from 


behind forward, the sclerotico-chorioidal canal shows first a dilatation, then a contraction. E, physio- 
logical excavation. 


Fic. 266. a b b Fria. 267. 


Fic. 266 —FroNTAL SEcTION THROUGH THE TRUNK OF THE Optic NERVE BEHIND THE LAMINA 
Crrprosa. Magnified 50 1. The septa start from the pial sheath, P. They traverse the optic nerve 
branching repeatedly and forming numerous interconnections, and join with the connective tissue, a 


which surrounds the central vessel, b. . 
Fic. 267.—FRoONTAL SECTION THROUGH THE SAME NERVE AT THE LEVEL OF THE LAMINA 


Crrprosa. Magnified 50% 1. The septa, S, starting from the wall of the scleral canal are compact 
and broad and run, forming a dense plexus, through the entire optic nerve as far as the connective- 
tissue investment, a, of the central vessels. In the vicinity of the latter the gaps between the septa 
are larger than at the periphery of the nerve, because in the former spot the section falls somewhat in 
front of the densest portion of the lamina. For, since the lamina asa whole curves slightly backwards, 
it can never completely coincide with the plane of the section. 

authors under the erroneous impression that the head of the optic nerve 
represented a projection into the interior of the eye. ‘This, however, is the 
case only in pathological conditions—e. g., in inflammatory swelling of the 
papilla. In the normal state, the latter is perfectly flat, so as to lie in the 
same plane as the retina, or it actually has a central depression (G, Fig. 
264). The way in which this latter is produced is that the fibers of the optic 


nerve begin to separate from each other, not at the level of the retina but 


604 TEXT-BOOK OF OPHTHALMOLOGY 


below it, so that a funnel-shaped depression is produced from which emerge 
the central vessels of the optic nerve. This is the normal vascular funnel, 
which quite often expands into a pretty extensive depression, the physio- 
logical excavation [see page 485]. 

The fibers of the optic nerve upon entering the interior of the eye spread out like 
a sheaf to form the most internal (most anterior) layer of the retina. The fibers which 
are situated along the margin of the papilla terminate in the vicinity of the latter. 
The nearer the fibers lie to the axis of the optic nerve the greater is the distance that 
they have to traverse in the retina in order to reach the level of the next layer of the 
retina—the ganglion-cell layer—with which they are continuous. Accordingly the 
following may be enunciated as representing the state of the case: Those fibers which 
come from the peripheral portions of the retina le in the center of the optic nerve, 
while those which rise from the central regions of the retina lie along the margin of the 
nerve. 

541. Orbital Portion.—The optic nerve on its way from the eye to the 
foramen opticum makes a bend likeanitalicf (O, Fig. 144). Owingtothis, the 
eyeball can move freely within wide limits. For the movements of the eye 
take place about a center of rotation which lies nearly in the center of the 
eyeball. Hence, when the cornea is turned toward one side, the posterior 
pole of the eye goes about as far to the opposite side. And so for all exeur- 
sions of the cornea there are corresponding ones, as large m extent but in 
the opposite direction, of the posterior pole, for which reason the latter must 
be freely movable. If now the optic nerve were stretched in a straight line 
between the eyeball and the optic foramen, it would keep the posterior 
segment of the eyeball fast in its place, and hinder the movements of the 
whole eye. We see a confirmation of this in those cases in which the optic 
nerve is put on the stretch by protrusion of the eyeball from the orbit. The 
more pronounced the exophthalmus, the greater is the restriction of motility 
of the eyeball. In the normal state, the optic nerve, on account of its S- 
shaped curvature, is longer than the distance between the eye and the optic 
foramen, so that by straightening out it can follow the changes of place of 
the posterior pole of the eye. 

The orbital portion of the optic nerve consists of the trunk of the nerve 
and the sheaths enveloping it. 

(a) The trunk of the optic nerve is composed of nerve fibers and con- 
nective tissue. The nerve fibers vary greatly in caliber and are extremely 
numerous, their amount being estimated at half a million or more. Most 
of them are centripetal, but there are also some centrifugal fibers in the 
optic nerve. Lying between the fibers as a supporting and insulating sub- 
stance is the neuroglia tissue. The nerve fibers are combined into bundles 
(n, Fig. 264) which run parallel to one another, and anastomose by a mutual 
interchange of fibers. Between the bundles lies the connective tissue which 
furnishes the supporting framework for the entire optic nerve. It forms 
thick or thin septa which are everywhere connected and traverse the entire 
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optic nerve (Fig. 264, s; Fig. 266). Between the outer surface of a nerve 
bundle and the inner surface of the septa is found a space which acts as a 
lymph eavity. 

(6) The sheaths of the optic nerve are three—an interior, a middle, and 
an exterior one. As these originate from the three enveloping membranes 
of the brain, they are designated by the names of the pial, arachnoid, and 
dural sheaths (Axel Key and Retzius). The inner or pial sheath (P, Figs. 
264 and 266) closely embraces the trunk of the optic nerve. From it the 
bands of connective tissue, which form the septa, pass into the interior of 


Fic. 268.—Cross SecTION oF THE Optic NERVE, WITH ATROPHY OF THE PAPILLO-MACULAR BUNDLE 
(SECTION MADE 4 MM. BEHIND THE EYEBALL). Magnified 15 X 1. 

The optic nerve is enveloped in the dural sheath, du, the arachnoid sheath, ar, and the pial sheath, 
p. Between the first and second is found the subdural space, sd; between the second and third, the 
subarachnoid space, sa. On the outer and upper side of the center of the section is seen the central 
artery, ca; and more centrally is seen the central vein. These are surrounded by the cross sections of 
the nerve bundles, b, which are separated from each other by the septa, s, of connective tissue. At the 
temporal side, a wedge-shaped segment, pm, is distinguished from the rest of the cross section of the 
nerve by its paler color. This represents the atrophic papillo-macular bundle. Within the confines 
of it the cross sections of the nerve bundles are narrower, and the septa of connective tissue are corre- 


spondingly broader. 

the nerve; and with them pass the blood-vessels. The exterior or dural 
sheath (D, Fig. 264 and du, Fig. 268) is much thicker than the interior 
sheath, and surrounds the nerve loosely. By reason of this, a pretty broad 
space—the intervaginal space—is left between it and the internal sheath. 
The middle or arachnoid sheath (A, Fig. 264 and ar, Fig. 268) is a very 
delicate pellicle which for the most part is intimately attached to the dural 
sheath. It is united by manifold trabeculz of connective tissue to the exter- 
nal and internal sheaths. It divides the intervaginal space into two por- 
tions, the subdural (sd) and subarachnoid (sa) spaces, which communicate 
with the cerebral spaces of the same names. These appear particularly 
prominent in Fig. 276, where they are pathologically dilated byanaccumu- 
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lation of fluid. The surfaces of the sheaths that are turned toward these 
spaces are provided with an endothelial coating, so that these spaces are 
lined completely with endothelium, and must be regarded as lymph channels 
(Schwalbe). 

Upon the eyeball the three sheaths become united to the sclera. The 
exterior and middle sheaths pass into the outer two-thirds of the sclera; 
the inner sheath goes to the innermost lamelle of the sclera which form the 
lamina cribrosa, and it is also connected with the chorioid. The intervag- 
inal space ends by a cul-de-sac situated within the sclera. Posteriorly the 
three sheaths are continuous with the corresponding membranes of the 
brain. 

The blood-vessels pass from the pial sheath mto the optic nerve. In 
addition, in the anterior portion of the orbital division there are found the 
central vessels of the optic nerve. The central artery is a branch of the oph- 
thalmic artery; the central vein empties into the superior ophthalmic vein 
or directly into the cavernous sinus. Both vessels enter the optic nerve on 
its lower and inner side at a distance of 10 to 20 mm. behind the eyeball 
(Fig. 144, e) and run in the axis of the nerve as far as the papilla, where they 
divide into the retinal vessels. 


Those fibers which supply the retina from the macula lutea to the papilla (the so- 
called papillo-macular region) take on a special form of arrangement. In that division 
of the optic nerve which adjoins the eyeball, they are aggregated in the form of a sector 
whose apex is directed toward the center of the nerve, while its base corresponds to 
the outer margin of the latter (the paler-looking bundle, pm, in Fig. 268). Farther 
back the arrangement changes, so that these fibers get to lie in the axis of the nerve. 
The sector occupied by the papillo-macular bundle amounts to about one-third of 
the entire cross section of the optic nerve. This is very large, when we consider that 
the corresponding region of the retina constitutes but a small fraction of the entire 
retinal surface (being commensurate with the central scotoma shown in Fig. 278). 
This relation, in fact, is in harmony with the predominant importance of this region 
of the retina. It gives support to the hypothesis that each one of the terminal elements 
in the macula lutea is connected with the brain by a nerve fiber of its own, so that 
excitations of this element are conveyed to the brain, isolated from those of other ele- 
ments, while in the peripheral portions of the retina probably a number of terminal 
elements are continuous with one fiber. 


542. Intra-cranial Portion.—The optic nerve leaves the orbit through 
the optic foramen. The latter really forms a short bony canal (canalis opti- 
cus), which contains besides the optic nerve only the ophthalmic artery 
(lying on the inner side of the optic nerve). Owing to the fact that the optic 
nerve within the canalis opticus is tightly inclosed by the bony walls of the 
latter, this section, just like the intra-scleral portion of the optic nerve, has 
a particular predisposition for morbid affections. Such affections consist in 
inflammation, in compression of the nerve through thickening of the bone, 


and in its contusion and laceration in case of fracture of the bony wall of 
the canal. 
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The intra-cranial portion of the optic nerve extends from the optic for- 
amen to the chiasm; is therefore short (scarcely one centimetre). It is flat- 
tened and is enveloped only by the pial sheath, since the other two sheaths 
after passing through the optic foramen become united with the two outer . 
membranes of the brain. 

543. Continuation of Fibers to Cortex.—The two optic nerves join 
together in the chiasm, where they form an intimate anastomosis, and then 
on the posterior side of the chiasm make their appearance again as the optic 
tracts. The chiasm lies in the optic groove of the body of the sphenoid bone, 
directly in front of the infundibulum and above the hypophysis. Starting 
from the chiasm the optic tracts pass backward, diverging as they go, and, 
winding about the crus cerebri, arrive at the primary subcortical optic 
centers. The most important of these are the external geniculate body, the 
anterior corpus quadrigeminum, and the thalamus opticus. From these 
centers fibers pass to the various parts of the brain, and of these tracts of 
fibers two are of particular importance—the fibers (Fig. 269, m) which go 
to the nuclei of the oculomotorius, K, and the fibers, S, which pass to the 
cerebral cortex, B. The former regulate the movements of the ocular mus- 
cles and the reflex action of the pupils; the latter effect the perception of the 
object seen. The fibers of the optic tract which are destined for the cere- 
bral cortex terminate in the cortical ganglion cells, within a district which 
is known as the optical area of the cortex, or the visual sphere (Munk), and 
which corresponds mainly to the parts surrounding the calcarine fissure. 
Within the ganglion cells the excitation set up in the optie-nerve fibers is 
transformed into sensation (sensory perception), so that it is here that the 
object seen comes within the domain of consciousness. In the ganglicn cells 
which have once been subjected to excitation permanent changes remain 
(memories), which become so intense, particularly upon a pretty frequent 
repetition of the same excitation, that by means of them we are able to 
reproduce in our consciousness an object formerly seen (optical memory- 
pictures). Upon destruction of the percipient center in the occipital cortex 
excitations of the optic-nerve fibers fail to reach the consciousness at all. 
Upon destruction of the area devoted to optical memory they no longer 
evoke the recollection of anything already known, because the optic mem- 
ory-pictures are demolished. Objects in that case are seen, to be sure, but 
are not recognized (psychic blindness). 

[Wilbrand, Henschen, and others think that each portion of the retina and par- 
ticularly the central portion (macula) has a definite, quite localized representation in 
the occipital cortex. To account for the fact that in complete hemiopia macular vision 
is often preserved (see page 614), Wilbrand believes that the macula has a representa- 
tion in both occipital lobes. This view that the calcarine cortex is a projection of the 
retina is rejected by Monakow and others, who assert that the macula finds its repre- 
sentation in the whole occipital cortex. On the whole the balance of recent evidence, 
especially as afforded by very circumscribed occipital lesions, is in favor of the theory 
of Wilbrand.—D.] 
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' 
(The process by which the two distinct visual impressions conveyed from the 
right and left eyes to the cortex are merged into a single sensory Impression 1s called 
fusion (§ 649). Barchold thinks that the fusion center by which this process is performed 
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Fie. 269.—ScupMatic REPRESENTATION OF THE Optic PATHWAY. 


The field of vision common to the two eyes is composed of a right half, G, and a left half, Gi. The 
former corresponds to the left halves, / and /;, of the two retine, the latter to the right halves, r and 
ri. The boundary between the two halves of the retina is formed by the vertical meridian. This 
passes through the fovea centralis, f, in which the visual line drawn from the point of fixation, F, 
impinges upon the retina. The optie-nerve fibers arising from the right halves, r and ri, of the two 
reting (indicated by the dotted lines) all pass into the right optie tract, 7’, while the fibers belonging 
to the left halves, / and /;, of the two retin pass into the left optic tract, 71. The fibers of each optic 
tract for the most part pass to the cortex of the occipital lobe, B, forming Gratiolet’s optic radiation, S; 
the smaller portion of them, m, goes to the oculo-motor nucleus, K. This consists of a series of partial 
nuclei, the most anterior of which sends fibers, P, to the pupil (sphincter iridis) ; the next one sends fibers, 
4, to the muscle of accommodation; and the third sends fibers, C, to the converging muscle (internal 
rectus, 7). All three bundles of fibers run to the eye in the trunk of the oculo-motor nerve, Oc. Division 
of the optic tract at g g or at e e produces right hemiopia; and in the former case there would be no 


reaction to light on illuminating the left half of either retina. Division of the chiasm at s s produces 
temporal hemiopia. i 


Division of the fibers, m, abolishes the reaction of the pupil to light, but leaves the 
sight and also the associated contraction of the pupil in accommodation and convergence unaffected. 
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is in the occipital lobe, the interconnection between the two centers being made by 
the posterior fibers of the corpus callosum.—D.] 

[Psychic blindness (mind-blindness, object-blindness) includes word-blindness, 
letter-blindness, and number-blindness, or inability to recognize or learn printed or 
written words, letters, or numbers. It or any of its sub-varieties may be congenital.—D. ] 


544. Decussation of Optic Nerves.—We have still to study more 
exactly the course of the fibers of the optic nerve in the chiasm itself. It is 
not a complete but only a partial decussation (semi-decussation) of the fibers 
that takes place here. In order to understand the arrangement of the fibers 
it is best to start from the eyeball in making our examination. Let us sup- 
pose a vertical plane (V, Fig. 269) to be drawn through the retina and the 
visual line of the right eye. This will pass through the fovea centralis, f, 
and will divide the retina into two halves, a right or temporal half (r) and 
a left or nasal half (J). The fibers (indicated by dotted lines in the figure) 
which spring from the right half pass backward into the optic nerve (O), and 
go, keeping all the while upon the right side, to the right optic tract (7). 
The sum of these fibers is hence known as the non-decussating bundle. But 
the fibers which proceed from the left half (J) of the retina of the right eye 
pass over to the left side in the chiasm, so as to be found in the left optic 
tract (T,). They form the decussating bundle. The like is true of the fibers 
belonging to the left eye. They all lie together in the left optic nerve (O,), 
and become separated in the chiasm; the fibers coming from the left half of 
the retina pass into the left optic tract, those from the right half of the 
retina into the right optic tract. Each optic tract therefore contains fibers 
from both eyes. The right optic tract consists of the non-decussating fibers 
from the right half of the retina of the right eye and the decussating fibers 
from the right half of the retina of the left eye. Accordingly, the right 
halves of both retin (r and 7;), and thus the left halves of both visual fields 
(Gi), belong to the right tract. Hence, the perception of all objects situated 
to the left of the median line is conveyed along the right optic tract to the 
cortex of the right hemisphere; the latter is thus designed for the apprehen- 
sion of the left half of the external world. The converse is true of the left 
hemisphere. Thus the nerve subserving the sense of sight is in harmony 
with other nerves, all of which terminate in the hemisphere of the opposite 
side. This is the case both with centripetal and centrifugal nerves. What 
we touch with our left hand becomes an object of consciousness through 
excitation of the cortex of the right side of the cerebrum; and destruction 
of a certain portion of the latter entails a loss of the voluntary movements 
of theleft arm. The sense of sight appears to form an exception to this rule, 
since each eye is directly connected with both hemispheres. This exception 
ceases to exist if we distribute the visual sensations in accordance with the 
halves of the field of vision to which they correspond. LHverything which the 

39 


610 TEXT-BOOK OF OPHTHALMOLOGY 


observer sees on the left side of him becomes an object of consciousness through 
excitation of the right occipital cortex, and vice versa. 


[It is evident from the above statement that the right eye is not governed by the 
left brain in the sense that the right hand is. The visual apparatus corresponding to 
the left brain is a forked sensorio-motor organ, consisting of: (1) the right half of the 
cornea and lens in the two eyes forming the two ends of the fork. These collectively are 
the true sensory organs and may be called the right ‘Jens-terminal, (2) The left half of 
the retina in both right and left eyes. This double organ, being an outlying portion of 
the left brain (see page 396), may be called the left brain-terminal. (3) The crossed 
bundle of the right and the uncrossed bundle of the left optic nerve. (4) Left optic , 
tract. (5) Lower and (6) higher optic centers in left cortex. (7) Efferent fibers from 
5 and 6 to (8) motor centers in left cortex. (9) Fibers from 8 to (10) nerve nuclei of 
right side (motor decussation). (11) Efferent fibers from 10 to muscles attached to 
lens terminal (1). The right eye, then is not a visual representative of the left brain, 
but is composed of the fused representatives of both brains. A man who is left-brained 
and consequently right-handed is not ‘‘right-eyed.’’ At most he is ‘‘right-seeing,”” 
i. e., sees and sights objects on the right rather better than on the left, but even this is 
largely neutralized by the fact that, owing to the bicerebral representation of the macula 
direct vision is quite alike in the two eyes.—D.] 

In the lower vertebrates a complete decussation of the optic nerves exists, but in 
the higher vertebrates there is only a partial decussation, and Gudden has the credit of 
having definitely demonstrated by his experiments the precise state of the case in them. 
He employed for this purpose the method of an artificially induced atrophy. If the 
right eye is enucleated in a new-born puppy, and some time afterward the animal is killed 
and examined, the right optic nerve is found to be completely atrophied; it consists of a 
thin strand of connective tissue without a trace of nerve fibers. If complete decussation 
of the optic nerves took place in the chiasm, this complete atrophy would necessarily be 
continued into the optic tract lyimg on the opposite or left side, while the optic tract 
of the right side would be perfectly intact. This, however, is not the case; in the left 
optic tract there is still a slender bundle of nerve fibers which has escaped atrophy. 
This can originate only from the optic nerve, and must, accordingly be a non-decus- 
sating bundle. So also in the apparently normal right optic tract there is found a thin 
bundle of atrophie fibers which must spring from the right optie nerve, and which cor- 
respond to the non-decussating bundle of the right side. Hence, in the dog a semi- 
decussation does exist, although the decussating is much more pronounced than the 
non-decussating bundle. In rabbits this disproportion is still more marked. In them 
the non-decussating bundle is so attenuated that at first it eseaped Gudden’s notice 
altogether. On the other hand, in man the non-decussating bundle approximates 
the decussating one in size, the former containing about two-fifths, the latter three- 
fifths of all the optie-nerve fibers. In default of experiments, accident rendered the 
determination of this relation possible in man. Opportunities were had of holding 
autopsies on men of advanced age who had lost one eye in childhood. In such subjects it 
was found that the complete atrophy of the single optic nerve was distributed between 
the two optic tracts in such a way that the tract of the opposite side was always some- 
what more atrophied than that of the same side (Fig. 270).'_ Hence the following state- 
ment may be made of the facts of the case: In the lower vertebrates complete decussation 
of the optic nerve takes place; in many of the higher vertebrates a partial decussation exists, 
the partial character of which is the more pronaicrays the nearer akin the animal is to man. 


1 [It is interesting to learn that an ee ation of this sort in a case of ascending degeneration, 
after phthisis bulbi, led Vesalius to argue against the existence of a complete decussation in man.—D. i 
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We comprehend the reason of the foregoing fact if we start from the law that 
the optical perception of all objects which are situated on the right side of the body 
is effected by means of the left cerebral hemisphere, and vice versa. In the lower ver- 
tebrates, and in fact even in most birds and mammalia, the eyes are placed so far on 
one side of the head that the animal is unable to see any point whatever with both 
eyes at once. The fields of vision of the two eyes are perfectly distinct. The right 
eye sees nothing but those objects which are situated on the animal’s right side; accord- 
ingly, the fibers of the optic nerve originating from this eye must all pass to the left 
hemisphere, for which reason complete decussation of the optie nerve takes place. In 
the higher vertebrates—e. g., in the dog—we begin to find the eyes placed farther for- 
ward. Objects straight in front of them situated in and close to the median line can 
therefore be seen by both eyes at once, so that in this locality the fields of vision of the 
two eyes partially overlap, and there exists a small common (binocular) field of vision. 


0.0.8. 


Fie. 270.—Cui4smM IN ATROPHY OF THE Lerr Optic Nerve. Magnified 3 xX 1. 

The specimen is from a man, sixty-six years of age, whose left eye had been blind from child- 

hood because of a total staphyloma of the cornea, due probably to blennorrheea neonatorum. The 
cut represents a section passing through the chiasm in the horizontal plane, and stained with hema- 
toxylin by Weigert’s method, so that the normal (medullated) nerve fibers look black, while the atro- 
phic fibers are unstained. The left optic nerve, 7m. o. s., is completely atrophic, being both unstained 
and also considerably narrower than the right, n. o. d. The greater part of the fibers composing the 
latter pass transversely through the chiasm into the left tract, tr. 0. s. On their way they make a loop- 
like bend into the left optic nerve. The smaller portion of the fibers of the right optic nerve remain 
on the right side of the chiasm, and pass over into the right optic tract, tr. 0. d. Since the non- 
decussating fibers are less numerous than the decussating, the right tract appears somewhat, narrower 
in cross section than the left. The bundle of nerve-fibers running in a curve along the posterior border 
of the chiasm, and separated from it by a light-colored zone, is Gudden’s commissure (or commissura 
inferior) which contains no optic-nerve fibers, 
The right eye, to be sure, is mainly designed for the vision of objects situated on the right 
side of the body, but it also, by means of the extreme temporal portion of its retina, 
presides over a small area to the left of the median line. The optic-nerve fibers spring- 
ing from this portion of the retina must go to the cortex of the right cerebral hemi- 
sphere, because they transmit the impression of objects lying upon the left side of the 
J . . 
body. These fibers constitute the non-decussating bundle; and this latter is small 
because the area of retina corresponding to it is of but slight extent. 

Lastly, in man both eyes lie in the frontal plane, so that almost all objects are 
seen with both at the same time. Accordingly, the visual fields of the two eyes are 
to a large extent coincident, so that there is formed a large binocular field of vision 
(the area left white in Fig. 271). Each eye sees objects both upon the right and upon 
the left side of the body, for which reason one part of the fibers of the optic nerve be- 
longing to it go to the right, another part to the left hemisphere. ‘To be sure, the visual 
field of each eye extends farther to the temporal than to the nasal side (see page 119 


and Fig. 35). Hence, it follows that the nasal portion of the retinaislargerthan the tem- 
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poral, and as the fibers which spring from the former pass over in the chiasm to the 
opposite side, the number of decussating fibers in the optic nerve is necessarily some- 
what larger even in man than the number of those which do not decussate. 

The way in which the optic nerves decussate, therefore, depends upon the relation 
of the fields of vision of the two eyes. If the two fields are completely separated, total 
decussation exists. If there is a binocular field of vision, semi-decussation takes place, 
and this is the more pronounced the larger the binocular field of vision. 

[Animals that have their eyes placed on the side of the head, so that they have 
no binocular field of vision, may be said to have lateral vision, as distinguished from 
the frontal vision enjoyed by man. Some birds are able to move their eyes in such a 
way as to have either lateral or frontal vision, and some have two fove in each eye, 
one for each type of vision. An animal having lateral vision moves at right angles to 
his line of sight and hence gets a large parallactic displacement of objects that he 
passes—just as a man does when looking out of the windows of a railway train at 
objects whirling by. This large displacement gives the animal a much better idea of 
the relative distance of the objects seen than it could get by frontal vision, in 
which the parallactic displacement of the 
objects toward which it is moving is com- 
paratively slight (Trowbridge). When 
the animal is at rest this advantage of 
lateral vision disappears, and even when 
it isin motion the advantage is partly 
| compensated for by the fact that the 
animal with frontal vision sees the same 
object with both eyes at once and from 
this gets an idea of its spatial relations 
(see §647).—D.] 
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Fie, 271.—BinocuLarR FIELD OF Vision. (After Baas.) 


The undotted line, L, bounds the visual field of 
the left eye, the dotted line, R, the visual field of the 
right. The median portion of the two visual fields 
overlap to an extent,shown by the surface left white. 
This is, accordingly, the binocular field of vision, all 


545. Hemiopia.—The fact of 
semi-decussation affords the expla- 


objects in which are seen by both eyes at the same 
time. In its center lies the point of fixation, f, and 
al either side of the latter the blind spots, r, and l, of 
the right and left eye. Adjoining either side of the 
binocular field of vision are the temporal divisions of 
the two visual fields (the shaded areas in the figure), 


nation of an important variety of 
visual disturbances, hemiopia.? 
Let us suppose that the continuity 
of the left optic tract (Fig. 269, 7) 


objects in which are seen with one eye alone. 


is interrupted at any spot—e. g., 
at gg. In this case the left halves of both retine (J and 1,) would 
be cut off from their connection with the cortex of the left hemisphere. The 
right half, G, of the fields of vision of the two eyes would be wanting, so that 
only the left halves of all objects sighted would be seen. In like manner, 
the left halves of both visual fields would be lost upon destruction of the 
right optic tract. Hemianopia thus originating is called homonymous or lat- 
eral (Fig. 272). It is called right-sided or left-sided according as the right 
or the left half of the visual field is wanting. Such a hemiopia would also, 
of course, occur if the destruction did not affect the optic tract itself, but a 
spot placed higher up (e. g., e e)—in fact, even the cerebral cortex itself. 
Homonymous hemiopia, therefore, is always indicative of a lesion which lies 


2 From jurovs, half, and ®W, vision. By many authors the terms hemianopia or hemianopsia, 
formed by the interposition of 


an a privative, are employed. 
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to the central side of the chiasm and upon the same side as the blind half 
of the retina. [But see pages 615, 616.] 

If the chiasm is divided by a sagittal section (s s, Fig. 269) into a right 
and left half, all the decussating fibers are severed, while the non-decussating 
bundles remain intact. Since the decussating bundle supplies the inner 
halves (/ and r;) of the two retine these portions of the retina would be 
thrown out of use, and thus the outer temporal half of the two visual fields 
would be suppressed. This form of visual disturbance is therefore called 
temporal (or bitemporal) hemiopia (Fig. 273). It occurs, for instance, when 


Fic. 272.—Homonymovus Hemioria. (After Schweigger.) 


The areas which have been left white correspond to the left halves of the visual fields, R and L, of the 
right eye and left eye, which are still intact; t, temporal; n, nasal side. 


inal 


Fic. 273.—Temporat Hemiopia. (After Schweigger.) 


The areas left white correspond to the nasal halves of the visual fields, R and L, of the right and left 
eye, which are still intact; ¢, temporal; n, nasal side. 


as the result of an inflammation or a neoplasm the chiasm suffers from a 
lesion situated mainly in its mesial line. The same thing might also be 
caused by a lesion existing in the anterior or posterior angle of the chiasm, 
where decussating fibers alone are situated. [The very rare nasal (or 
binasal) hemiopia, in which the nasal half of each field is abolished, is 
caused by a lesion which involves both the right and left side of the 
chiasm but leaves its central portions intact.—D.] 


Hemiopia in the more extended sense of the term exists not only when an entire 
half of each visual field is wanting, but also when there is a deficiency which, though 
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smaller, occupies a.symmetrical position in the visual fields of the two eyes (incomplete 
hemiopia, Wilbrand). In this case, too, there is a lesion of the optic fibers 
above the chiasm, only now simply a portion instead of all the fibers of one tract (or 
of its continuation to the cortex) is destroyed. [Hemiopia may even be limited to a 
central or paracentral scotoma, symmetrically placed in the visual field of each eye; 
and such hemiopia may be central—even cortical—in origin (Wilbrand).—D.] In ho- 
monymous hemiopia it is the rule that the field of vision is not divided exactly in half, 
the vertical border of the field bending out a little at the site of the point of fixation 
(Fig. 272), so that the portion of the field of vision corresponding to the macula lutea 
is preserved intact [exemption of the macula]. Hence, if, as is very rarely the case, a 
bilateral hemiopia is produced by a bilateral central lesion, the combination of the visual 
defects on the two sides does not give complete blindness, but [usually] leaves intact 
right in the center a very small central visual field, representing the fovea centralis. 


546. Site of Lesion Determined by Visual Defects.—Our knowledge 
in regard to the course of the optic fibers can be applied practically, 
inasmuch as it enables us to determine precisely the situation of a lesion 
in the optic paths. In this instance we are dealing with cases in which 
a defect exists in the visual field without the ophthalmoscope’s showing 
any disease of the deep tunics of the eye, so that the defect must be 
referred to some break in the conduction. 


In all cases in which the defect in the visual field is contained in one eye only or in 
which, while there are defects in both eyes, they arenotsymmetrically situated, the lesion 
must be seated in the optic nerve itself—that is, in front of the chiasm—since all inter- 
ruptions on the farther side of the chiasm result in the production of symmetrical defects 
in the visual fields. For the same reason complete blindness of one eye, with retention 
of good sight in the other, must be referred to an affection in front of the chiasm. Cen- 
tral scotomata correspond to an affection of the papillo-macular bundle. In,temporal 
hemiopia the lesion is seated in the chiasm itself, and is so placed that only the decus- 
sating fibers are atfected by it. This is the case when the lesion occupies the middle of 
the chiasm or its anterior or posterior angle. It most frequently occurs as a result of an 
enlargement of the hypophysis cerebri, which, therefore, is often first discovered by the 
ophthalmologist. The symptoms vary, depending on whether the degeneration affects 
the glandular or the nervous portion of the hypophysis, whether it causes increase or 
diminution of function, and finally whether it begins in the growing period or not till 
later in life. When it occurs during the growing period, there develop disturbances of 
growth, viz., either gigantism or more rarely dwarfing of growth, general adiposity, 
and defective development of the sexual parts or of the hair (beard, pubic hair). When 
the disease develops later in life, the disturbance of growth manifests itself by an en- 
largement of the skeleton and the soft parts of the face, hands and feet (acromegaly), 
impotence and in women amenorrhcea, chilliness, somnolence, and polyuria. A con- 
gestive optic neuritis, which is so frequent in brain tumors, is rare in this condition. 
Ordinarily there is a pallor of the papilla, which does not develop until late and which 
results from an atrophy of the optic nerve, descending from the chiasm. To make the 
diagnosis certain, it is necessary to prove, by taking a radiograph of the skull, that the 
sella turcica is dilated by the enlarged hypophysis. [Pituitary disease is sometimes as- 
sociated with] homonymous hemiopia, or less extensive but still homonymous defects jn 
the field. But homonymous defects usually depend upona disturbance above the chiasm. If 


then there is loss of the pupillary light reflex when light is thrown upon the blinded por- 


tion of theretina (Wernicke’s hemiopic pupillary reaction lorinaction]), the break in the con- 
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duction must lie below the spot at which the fibers to the oculo-motor nucleus are given 
off—i. e., lie in the optic tract; but if the pupillary light reflex is intact, the lesion is to 
be located higher up. It most often lies in the back part of the internal capsule, or, still 
higher, in the optic fibers running from capsule to occipital cortex or in the cortex itself? 
[The Wernicke reaction is difficult to demonstrate and even when refined methods are 
used, its diagnostic value is contested by competent observers (Walker and others).—D.] 


I. HypER=MIA OF THE Optic NERVE 


547. Simple hyperemia of the optic nerve is marked by increased red- 
ness of the nerve and by haziness of its outlines, sv that it contrasts but 
little with the red fundus surrounding it, which shows a radiate striation 
representing the course of the nerve fibers in the retina. To this are added 
dilatation and tortuosity of the retinal vessels. 

A wrong diagnosis of hyperemia of the papilla is often made if one forgets that in 
dark pigmented eyes the papilla looks redder and does so, too, when in the case of a 
faint uniform opacity of the vitreous it is seen through a turbid medium. Cf. Pseudo- 
neuritis (page 98). 

Hyperzmia of the disk is a frequent occurrence. It is not only constant accom- 
paniment of all inflammations of the retina and chorioid, but is found in connection 
with violent inflammations of the anterior division of the eye—e. g., in irido-cyclitis 
and even in corneal ulceration. [It also occurs in connection with refractive errors and 
arteriosclerosis (see page 571).—D.] 


Il. INFLAMMATION OF THE Optic NERVE 


548. Inflammation of the optic nerve (neuritis optica) may develop at 
any spot whatever of the nerve. Of course, it is directly visible in the living 
eye only when the optic papilla, which is accessible to ophthalmoscopic 
examination, is involved. Such cases we call neuritis intra-ocularis, or, 
because of the changes in the papilla, papillitis (Leber). From them are to 
be distinguished those cases in which the inflammation is located in a por- 
tion of the optic nerve situated farther back (neuritis retrebulbaris). Since 
in this case the focus of inflammation cannot be seen, its existence must be 
inferred from the other symptoms. 


If an inflammation of the retina is associated with pretty marked involvement 
of the optic nerve, or if, conversely, an inflammation of the optic papilla has extended 
so as to occupy quite a large area of the retina, the picture of newro-retinitis or papillo- 
retinitis is produced. Almost all forms of retinitis, as well as of neuritis described in 
these pages, may appear under the form of neuro-retinitis. 


(a) Neuritis Intra-ocularis 


549. Symptoms and Course.—Neuritis of the optic papilla manifests 
itself externally by no sign except that the pupils are dilated, to correspond 
with the diminution or absolute loss of sight. Ophthalmoscopic examina- 
tion shows in the papilla evidences of inflammation (Fig. 274). The color 
of the papilla is altered, being either white, gray, or reddish, and it is often 
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= _ of course, possible for hemiopia, whether temporal, nasal, or homonymous, to be causec 
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mottled with white spots or extravasations of blood (h). The papilla is 
often radially striate and its outlines become indistinguishable, the exuda- 
tion extending over them into the adjoining retina; hence, too, the papilla 
appears of greater diameter than normal. The retinal blood-vessels are 
altered, the arteries (a a) being thinner, while the veins (v v) are distended, 
‘owing to compression of the vessels by the swollen optic nerve. The retinal 
veins are exceedingly tortuous, especially where they pass down upon the 
retina over the edge of the swollen papilla; and wherever their coils dip 
deeper into the clouded tissues they look veiled or cut off altogether. The 
most important symptom is the swelling of the papilla, shown by its pro- 
jecting above the surrounding retina (Figs. 276 and 277). 


Fia. 274.—Opuraatmoscopic PrerurRE or INFLAMMATORY PAPILtiris, 
The papilla is grayish-white, clouded, and appears considerably larger than it really is because 
it cannot be demarcated, from the surrounding retina which is likewise clouded and gray. To a di- 
minishing extent the cloudiness and the radial striation extend out into the retina beyond. The 
retinal arteries, a, a, are contracted, the retinal veins, v, v, are exceedingly dilated and tortuous, and 
both are obse ured in places. In the retina, adjoining the papilla, are found radially disposed, striate 
red spots (hemorrhages), h. ; 


The subjective symptoms consist in disturbed sight. This in most 
cases is very great; with severe neuritis complete blindness is usually pres- 
ent. Nevertheless, cases of marked swelling with normal sight do also oceur 
(in choked disk). Characteristic of many cases of neuritis is a sudden and 
momentary obscuration of sight, repeated many times a day. Contraction 
of the field of vision is often found, sometimes under the form of hemiopia. 
[In some cases the only anomaly of the field is an enlargement of the blind 
spot. It has been thought that interlacing or reversed color fields (see page 
645) are characteristic of neuritis due to increased intra-cranial pressure, but 
this is probably erroneous.—D.] 


Neuritis runs a chronic course. It takes months for the inflammatory 
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signs to disappear, and then they are replaced by the symptoms of atrophy. 
The papilla grows paler, its outlines become once more clearly visible, and 
the vessels upon the papilla and in the retina are narrowed. This atrophy 
(neuritic atrophy, as it is called) is the greater the more intense the preceding 
neuritis; and the degree of the atrophy determines whether the vision grows 
better again after the inflammation has run its course, or remains perma- 
nently enfeebled, or is annihilated altogether. In any case, the prognosis 
of neuritis is serious. 


Fic. 275.—Cuoxep Disk 1n Brain Tumor. (After Haab.) 


The papilla is swollen out into a mushroom-like protrusion so as to appear enlarged but still well 
defined (in contradistinction to inflammatory papillitis, Fig. 273). The arteries are thinner than normal, 
the veins somewhat distended and tortuous. Two of the veins show a brief interruption inside of the 
papilla since here a bend of the vessel that dips down into the tissue of the papilla is concealed. Where 
the vessels descend over the overhanging margin of the papilla to the retina, they all display a bend or 
an actual interruption. The retina surrounding the papilla is the seat of a delicate radiating striation. 

550. Etiology.—Like the rest of the intra-ocular affections, neuritis is 
but rarely a local lesion; on the contrary, it usually originates in some deep- 
seated affection, and for this reason is almost always bilateral in develop- 
ment. The diagnosis of neuritis is therefore of importance, not only for the 
oculist, but for every physician engaged in treating internal disorders, 
as it affords him aid indispensable for the diagnosis of many diseases. 

551. Brain Disease Causing Optic Neuritis.—1. Brain diseases are by 
far the most frequent cause of optic neuritis. They lead to disease of the 
optic nerve, either through producing congestion or through transfer of 
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inflammation. (a) Congestion is chiefly of moment in those diseases of the 
brain which lead to an elevation of the pressure within the cranial cavity— 
i. e., most frequently in tumors of the brain and in hydrocephalus. A brain 


Fia. 276.—Lonaituptnat SEcTION THROUGH THE Heap or tHE Optic NERVE IN PAPILLiTIsB 
(CuHokep Disk). Magnified 14 X 2. 


The disk is greatly swollen, so as to project above the level of the adjacent retina and form at the base 
an annular tumefaction, the neuritic swelling, n. There is a cellular infiltration, particularly along 
the minuter blood-vessels, e, for which reason the latter appear specially prominent. The retina, r, 
is thrown into folds about the circumference of the papilla, in consequence of the swelling of the latter; 
the chorioid, ch, and the sclera, s, are normal, as is the optic nerve posterior to the lamina cribrosa. 
Here there’is present simply a dilatation of the intervaginal space, i, through accumulation of fluid, 
by virtue of which the greatly folded arachnoid sheath, ar, becomes especially prominent; du, dural 
sheath; p, pial sheath. 
tumor, as a result of its growth, arrogates constantly more and more space 
to itself within the cranial cavity. Hence, as the skull is unyielding, an 
increase in the intra-cranial pressure 
arises, by virtue of which a portion of 
the cerebrospinal fluid is squeezed out 
of the cranial cavity. This fluid finds 
an egress partly in the direction of the 
spinal cord, partly in that of the optic 
nerve. Thespaces between thesheaths 
of the optic nerve which communi- 
cate with the lymph spaces between 
Fig. 277.—Hyprors Vaaivm Nervi Orrrer, themembranes of the brain are dilated 

(After Pagenstecher.) 


Upon the left side is seen the ampulliform by = accumulation of fluid (hydrops 


swelling of the optic nerve in its anterior portion. 
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Upon the right, are represented the relations as icacs we optic 1, Figs. 210, " and 

seen after making a longitudinal section of the 277: Stellwag). Upon this facet is based 

nerve, One can see how the swelling of the nerve , 4 = 

is caused by the distention of the outer sheath, Schmidt and Manz’s theory of the 

which is separated a good way from the trunk of —_ are i ‘ 

the nerve; and can recognize the projection of Origin of neuritis which is as follows: 

the papilla above the level of the retina, 2 : ee f 
In consequence of accumulation of 

fluid in the intervaginal space, a stasis of lymph occurs in the trunk of the 

optic nerve itself, particularly in the region of the lamina cribrosa, the 


lymphspaces of which communicate with the intervaginal space. The cedema 
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of the optic-nerve trunk and the lamina cribrosa causes a compression of 
the central vessels—a compression which makes its influence felt sooner and 
to a higher degree in the central vein of the optic nerve than in the central 
artery. As there is constantly pouring into the papilla through the artery a 
quantity of blood which cannot be completely carried away again by the con- 
tracted central vein, venous engorgement of the optic nerve and consequent- 
ly swelling of the latter are developed. This swelling of the nerve leads 
to its mearceration at the spot where it fits so tightly in the foramen 
sclere, and consequently extreme cedema develops in the strangulated 
papilla. Neuritis having this origin is hence not so much an inflammation 
proper as an inflammatory cedema, and is accordingly designated by the 
name of congestive neuritis, choked disk [or papillcedema]. It therefore 
constitutes a very important symptom of increase of the cerebral pressure. 
(b) Direct transmission of inflammation from the brain to the optic nerve 
must be assumed to exist chiefly in those cases in which an inflammation is 
present in the brain itself, and particularly at its base, as is, for example, 
generally the case in tuberculous meningitis or otitic processes. Here the 
inflammation is transmitted along the optic nerve and its sheaths to the 
papilla (neuritis descendens). 


The part that increased intra-cranial pressure plays in causing choked disk is 


evident from the fact that often the swelling of the papilla diminishes directly after 


the pressure has been reduced by Jumbar puncture. 

Von Graefe was the first to distinguish the inflammations of the optic nerve ac- 
companying diseases of the brain into congestive neuritis [choked disk] and descending 
neuritis. The differences between the two are mainly differences with regard to the 
swelling of the optic nerve and to the transmission of the inflammation to the adjacent 
retina. The degree of swelling of the nerve can be judged of from the way in which the 
vessels bend as they pass over the edge of the papilla to descend upon the retina; also 
from the parallactic displacement that the papilla shows with reference to the retina 
in examinations made with the inverted image. In the erect image the degree to which 
the papilla projects can be calculated from the difference in refraction between itand the 
retina (page 112). In choked disk (Fig. 275) the swelling is so great that the vessels 
appear kinked or actually interrupted at the border of the papilla. The engorgement, 
furthermore, if great, manifests itself in the often enormous distention of the retinal 
veins. On the one hand, the tissue changes are limited pretty sharply to the papilla 
itself. In neuritis descendens the swelling of the papilla is shght; there is no distinct 
bending of the vessels at the border of the papilla, and frequently the difference of level 
ean be demonstrated only through the difference in refraction shown to be present by 
examination with the erect image. On the other hand, the exudation made patent by 
the cloudiness and discoloration of the disk becomes a prominent feature. Moreover, 
the exudation extends beyond the edge of the disk into the adjacent retina, so that the 
disk appears enlarged; frequently the picture of neuro-retinitis is produced. In spite 
of these distinctions the two conditions are not so widely separated as theory 
demands, since numerous transition forms occur between choked disk and descending 
neuritis. 

The diseases of the brain which are complicated with optic neuritis are partly 
focal, partly diffuse affections. Among the former, it is above all the tumors of the 
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brain which result in neuritis, usually under the form of choked disk. Neuritis in this 
case is so frequent—it is said to be wanting in only 10 per cent, according to others 
in 20 to 30 per cent of cerebral tumors—that it forms one of their most important 
symptoms. This sympton is the more deserving of consideration inasmuch as a cere- 
bral tumor may often run its course for a long time without producing any other posi- 
tive symptoms—e. g., it may simply cause headache, or even this may be wanting. 
Accordingly, in every case in which there is a suspicion of the existence of a cerebral affec- 
tion, the fundus of the eye should be examined with the ophthalmoscope. This is the more 
necessary, since choked disk sometimes fails to manifest itself by any disturbance 
of the vision. This is explained by assuming that in choked disk—in the beginning, 
at least—there is simply a state of edema. The disturbance of vision is accordingly 
produced by compression of the nerve fibers due to the cedematous swelling. The 
degree of this compression, however, cannot by any means be determined from the 
ophthalmoscopie appearance, so that normal sight may be present along witha neuritis 
which with the ophthalmoscope appears very pronounced, In many of these cases the 
blindness does not come on till later, sometimes not till the advent of neuritic atrophy. 

With tumors of the brain a special form of neuro-retinitis sometimes occurs, in 
which, besides the appearances in the optic papilla, minute splashes of silvery luster 
are visible in the macula lutea, so that a picture resembling that of retinitis 
albuminurica is produced [retinitis stellata, see page 579]. 

The size of the new growth is not of decisive importance in determining the devel- 
opment of a choked disk. Choked disk has been seen with tumors which scarcely 
reached the size of a walnut; at other times neuritis is absent, although the tumors are 
very large. Evidently other factors have to be considered and especially the site of 
the tumor. Tumors in the posterior fossa of the skull (e. g., tumors of the cerebellum) 
are the ones most often causing choked disk. In the posterior fossa of the skull the space 
is hemmed in by the tentorium which stretches over it and is but slightly yielding. Thus 
there is readily produced compression of the aqueduct of Sylvius er of the vena magna 
Galeni, and consequently a stasis of the cerebrospinal fluid in the anterior ventricles 
of the brain (dropsy of the ventricles). On the other hand, the fact that basal tumors, 
e. g., those of the hypophysis, rarely produce choked disk is accounted for on the ground 
that such tumors may block the orifice by which the intervaginal space of the optic 
nerve opens into the cranial cavity, so that the cerebrospinal fluid does not enter the 
space. 

[In the majority of cases—though not with the regularity that Horsley contends 
for—the swelling of the disk due to brain tumor is greater in the eye on the same 
side as the tumor.—D.| 

Moreover, with tumors of the brain there may occur not only congestive neu- 
ritis, but also descending neuritis and simple atrophy of the optic nerve. Descending 
neuritis takes place when the tumor excites, in its immediate neighborhood, an inflam- 
mation which is transmitted to the optic nerve. [Tumors of the frontal lobe give a 
characteristic picture (Kennedy). In the first stage (which may be lacking) there is 
bilateral papillaedema with good vision; in the second, subsidence of the papilladema 
in the eye on the side of the tumor and the development in this eye of a central scotoma 
and subsequent optic atrophy, while papilledema with good vision persists in the 
other eye. In the third stage the second eye also develops a central scotoma and atrophy, 
There is loss of the sense of smell on the side of the tumor.—D.] Simple atrophy may 
be produced because a tumor exerts a direct pressure upon the chiasm or the optic 
tracts, and thus causes their effacement. An example of this is furnished by the interest- 
ing cases of tumor of the hypophysis, which, by pressing upon the chiasm causes atrophy 
of the optic nerves with temporal hemiopia (see page 614). In other cases an accumu- 
lation of fluid takes place in the third ventricle in consequence of the tumor, so that 
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the greatly distended anterior inferior extremity of the ventricle presses upon the 
chiasm. In this way amaurosis develops with cerebral tumors, either without any 
ophthalmoscopic evidence at all or under the guise of a primary atrophy. 

Among the focal affections of the brain which may, although but rarely, cause 
neuritis must be enumerated foci of softening, abscesses, thrombosis of the sinuses, 
aneurysms, apoplexies, and cysts (among these cysticercus and echinococcus cysts). 
Among the diffuse affections, disseminated sclerosis, acute and chronic meningitis, 
and hydrocephalus give rise to neuritis. The two affections last named, together 
with tubercles of the brain, are the most frequent causes of neuritis in children. Fre- 
quently such children are not brought to the oculist until later in life, when he finds 
& neuritic atrophy as the cause of the blindness, and can determine from the history 
of the case that a severe cerebral affection has preceded it. This form of blindness 
is incurable. Not to be confounded with it are those rare cases in which children be- 
come blind without known cause and without any ophthalmoscopie change in the 
fundus. This variety of blindness, the cause of which is at present unknown, some- 
times disappears (Nettleship). Some cases of neuritis due to hydrocephalus are known 
in which a continual dropping of fluid (cerebrospinal fluid) takes place from the nose. 
Neuritis also occurs sometimes in malformations of the skull (particularly the kind 
known as [oxycephaly or] tower skull) and injuries of the skull (especially fractures on 
the base, with consequent meningitis). [Penetrating or non-penetrating injuries of the 
skull due to projectiles are frequently followed by a choked disk, which usually affects 
the vision but little and is not usually followed by atrophy. It yields readily to decom- 
_ pression and may disappear spontaneously (Jessop, Lister).—D.] 

Neuritis has also been observed as a rare complication in spinal diseases, particu- 
larly in acute myelitis, in tetany and in multiple neuritis. 


552. Other Causes of Neuritis.—2. Syphilis. This is a frequent cause 
of neuritis. The optic nerve may be attacked by the syphilitic affection 
directly. In other cases it becomes affected indirectly, owing to the develop-. 
ment inthe cranial cavity or in the orbit of inflammations or of tumors which 
result from syphilis, and which secondarily implicate the optic nerve. 

3. Acute infectious febrile diseases, chronic disturbances of nutrition of 
various kinds, and poisoning especially by lead. 

The optic nerve reacts in a most sensitive way to disturbance of nutrition of the 
general organism. Among such disturbances must be classed above all the infectious 
diseases; and neuritis occurs, although rarely, in the acute exanthemata (measles, 
smallpox, scarlet fever), and also in typhus, diphtheria, pneumonia, influenza, and 
whooping cough. Among chronic diseases that are to be placed in the same category 
are albuminuria, diabetes, [tuberculosis, chlorosis,] and anemia. [Infection originating 
in the teeth, tonsils, and accessory sinuses of the nose may causeoptic neuritis.—D. | 
In the female sex there is sometimes a connection between the neuritis and the genital 
system, in that neuritis sets in simultaneously with disturbances of menstruation, with 
pregnancy, or with lactation. These cases usually give a good prognosis, even when 
they get to the point of producing complete blindness for the time being. Externally 
similar to the conditions just spoken of, but etiologically quite different, are those 
eases in which an amenorrhcea and a papillitis develop as symptoms running parallel 
with one another, both being the result of a brain disease (tumor or serous meningitis). 

Of poisoning in the narrower sense of the term, there should be mentioned besides 
lead-poisoning, that produced by alcohol and iodoform [also atoxyl and other arsenical 
preparations. The optic neuritis occurring in syphilities after the use of salvarsan is 
not to be ascribed to the toxic action of the latter, but to the liberations of spirocheet 
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or their toxins. Such a so-called neuro-recidive is avoided if mercury is given with or 
before the salvarsan.—D.] A few cases of neuritis have been known that have undoubt- 
edly developed in consequence of great chilling of the body. Lastly, there should be 
mentioned in this connection the cases of neuritis and atrophy of the optic nerve that 
have been produced by a stroke of lightning or electric shock. 


4, Acute anemia after great loss of blood, the most frequent variety 
being that due to hemorrhage from the stomach and to metrorrhagia. In 
these cases blindness, as a rule, does not set in until some days after the 
hemorrhage, and is generally incurable. 

5. Heredity. There are families members of which are attacked by 
neuritis without there being any special cause for it. Such a neuritis usually 
affects only the male members of the family, and these are generally 
attacked by it at the same age (about the twentieth year). [See page 624.]} 

6. Orbital affections, such as inflammations or new growths in the orbit 
or tumors developing upon the optic nerve itself. These are the only cases 
in which neuritis can with certainty be regarded as a purely local disease. 

553. Morbid Anatomy.—The following changes occur in neuritis and 
choked disk. 


Inflammation of the optic nerve starts from its connective-tissue portions—that 
is, from the sheaths and the connective-tissue septa. In the sheaths there is found, 
besides the dropsical condition already mentioned, actual inflammation with a forma- 
tion of a cellular exudate (perineuritis). Within the trunk of the optic nerve the inflam- 
mation attacks the septa which show thickening with multiplication of their nuclei 
(interstitial neuritis). Owing to this, the bundles of nerve fibers, which are inclosed by 
them, are compressed and, undergoing atrophy, are destroyed. Accordingly, in neu- 
ritis the nerve fibers act mainly a passive part. 

In choked disk the inflammatory symptoms are limited to the papilla, while the 
trunk of the optic nerve back of the lamina cribrosa is fairly normal. The main feature is 
that the papilla is found to be greatly swollen by an accumulation of edematous liquid, so 
that it projects like a mushroom into the interior of the eye, and is thickened at its base 
so as to form an actual tumefaction (neuritic swelling, Fig. 276, n). The retina is pushed 
aside and thrown into folds by the enlarged optic nerve. Besides the cedema there are 
also found extravasations of blood, swelling of the nerve fibers, and the evidences of a 
scanty cellular infiltration, particularly along the blood-vessels (Fig. 276, e). Later 
on, the cellular exudation becomes more and more prominent and in the subsequent 
course of the disease leads to a new formation of connective tissue within the papilla, 
due to organization of the exudate. By the subsequent shrinking of the connective 
tissue the fibers of the opticnerveare rendered atrophic, and the picture of neuriticatrophy 
of the optic nerve is produced. We then find in place of the papilla a network of eonnec- 
tive-tissue strands, and among them blood-vessels whose walls are thickened. 


554. Treatment.—Treatment must be directed first of all against the 
lesion which forms the basis of the neuritis. Local treatment, in addition 
to a suitable regimen of the eyes, consists in the abstraction of blood at the 
mastoid process, in diaphoretic measures, and in the administration of 
absorbent remedies, such as iodide of potassium, mercury, ete [and in non- 
specific cases the salicyl preparations (Leber).—D.] In increase of brain 
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pressure decompressive operations like trephining and lumbar puncture are 
to be considered. 

Trephining produces a permanent reduction of the intra-cranial pressure in brain 
tumors and in hydrocephalus, and thus subsidence of the neuritis and improvement of 
sight. It is particularly advisable in those cases in which the brain lesion itself is cur- 
able, and hence especially in meningitis serosa. In this disease by trephining promptly 
it may be possible to prevent a permanent blindness being left after the main disease 
has been cured. [Even in inoperable brain tumors, trephining is indicated as a pallia- 
tive measure for relieving pain and saving the sight. Horsley lays down the rule that 
no case of optic neuritis, not due to general infectious disease or toxic causes, should 
be allowed to go on to blindness without an operation. In pretentorial growths the site 
of the trephining should be temporal, in subtentorial growths should be suboccipital 
(Frazier cited by De Schweinitz).—D.] 


(b) Retrobulbar Neuritis 


555.— Retrobulbar neuritis is located in the orbital division of the optic 
nerve. Hence, upon ophthalmoscopic examination, we find in the papilla 
either no changes at all or changes that are insignificant and not character- 
istic; but later, after the disease has subsided, the signs of atrophy fre- 
quently make their appearance there. This is the case when destruction of 
the fibers of the optic nerve has taken place within the region occupied by 
the focus of inflammation. The peripheral portion of the divided fibers then 
undergo an atrophy, which is slowly transmitted to the papilla, where it 
becomes visible with the ophthalmoscope (descending atrophy). Owing to 
the absence of distinct ophthalmoscopic changes in the recent cases, the 
diagnosis of retrobulbar neuritis must be made from the other symptoms, 
and mainly, in fact, from the way in which the vision is affected. In a few 
cases the disturbance of vision may increase to the point of complete blind- 
ness, but in most cases is confined to the central portions of the visual field 
which are supplied by the papillo-macular bundle. There is, therefore, a 
central scotoma in the field of vision. [A central scotoma due to optic-nerve 
disease is distinguished from one due to central chorioiditis or retinitis by 
the fact that in the former there is no change in the apparent size or shape 
of objects in or about the scotoma (retinal metamorphopsia; see page 125) 
and that the first colors to disappear are red and green. In primary disease 
of the macula retinal metamorphopsia is usually present, and a scotoma for 
blue develops before that for red or green (Mauthner).—D.] 

Retrobulbar neuritis is either acute or chronic in its development. One 
portion of the toxic amblyopias (see page 630) is thought, by many, to 
be a chronic retrobulbar neuritis. In general, retrobulbar neuritis affords a 
good prognosis, since in cases which are not too far advanced the sight can 
usually be brought back again to the normal. 

The acute form of retrobulbar neuritis is characterized by the suddenness with 


which the disturbance of vision develops. In the severe cases this failure of sight may 
attain such a degree within a few days that all perception of light is abolished. Ex- 
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ternally, the diseased eye looks normal; the pupil, however, is often a little dilated. 
The ophthalmoscope, too, shows scarcely anything besides some distention of the 
retinal vessels.4. These symptoms are often accompanied by violent headache or by 
dull pain in the orbit, the latter being aggravated if the patient moves his eye or if 
the attempt is made to push it back in the orbit. Sometimes both eyes are attacked 
by this disease at the same time. 

Acute retrobulbar neuritis is either the result of an inflammation of the surround- 
ing orbital tissue or there is an idiopathic inflammation of the nerve. Cases of the 
former kind originate most frequently in the nose in cases in which a violent coryze 
has developed from the effect of cold, influenza, etc. The catarrh of the nasal cavity 
passes to the accessory sinuses of the nose and especially to the ethmoid cells, and 
thence the inflammation is transmitted directly to the orbital tissue and to the optic 
nerve (compare § 737). As a direct proof of the presence of an inflammation of the 
retrobulbar cellular tissue, we not infrequently find in such cases a slight amount of 
exophthalmus, and also paralysis of some of the eye muscles, especially those which 
lie close to the inner and upper walls of the orbit (internal rectus, superior oblique, 
levator palpebree, and the superior rectus). When then as so frequently happens a 
cold is given as the cause of the trouble, the nose is always to be examined, since upon 
the result of this examination will depend the treatment; and if there is a demonstrable 
disease of the accessory sinuses these will require to be treated and, to effect this, will 
often even require to be opened. In other cases cold appears to cause acute retrobul- 
bar neuritis, as it does other peripheral neuritides, directly, i. e., without implication 
of the nose. An idiopathic inflammation of the optic nerve must also be assumed to 
exist in disseminated sclerosis, in which the retrobulbar neuritis often occurs as a very 
early symptom; also in general affections such as acute infectious diseases, toxic con- 
ditions, and various disturbances of nutrition [including tuberculosis] in which an acute 
retrobulbar neuritis may be found in place of a_papillitis. The hereditary 
form of neuritis also usually appears as an acute [bilateral] retrobulbar neuritis. 

In benign cases (those due to cold or to nasal affections) the disease subsides very 
quickly; the sight gets better every day, so that in from two to four weeks it is once 
more pretty nearly normal. In other cases the cure takes a longer time and is then 
ordinarily incomplete, a central scotoma remaining [especially in the hereditary form]. 
But in rare cases there is left a total, permanent blindness, so that it is impossible 
at the outset of the disease to state the prognosis with certainty. 

Recurrences of the disease are sometimes observed even after the lapse of years. 

The treatment of the disease requires above all the consideration of the eausal 
factor (the nose). In the way of symptomatic treatment energetic diaphoresis proves 
particularly effective in the acute stages; in addition the forms of treatment given for 
papillitis (page 622) are to be considered. [The salicylates or aspirin may be given, 
especially when pain is present.—D. ] 


II]. Arrorpuy or THE Optic NERVE 


556. Atrophy of the optic nerve develops either asa primary affec- 
tion or as secondary to an antecedent inflammation. We accordingly dis- 
tinguish between simple and inflammatory atrophy. 

(a) Simple (primary or genuine or non-inflammatory) atrophy is dis- 
tinguished by the papilla becoming paler, and at length perfectly white or 
bluish-white and also becoming sharply defined and slightly excavated 
(atrophic excavation ; see page 486); the gray dots of the lamina cribrosa 


" : 5 . . . p - 8 33 
; ‘Sometimes, on the contrary, ischemia of the retina is present when the central vessels are sub- 
jected to compression in the inflamed poriion of the optic nerve. 
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are visible more distinctly and over a larger area; the more minute blood- 
vessels of the papilla itself have disappeared, while the retinal vessels are 
not markedly altered (in contradistinction to inflammatory atrophy, in 
which the latter are narrowed, too). As the atrophy increases, the sight 
is reduced until there is complete blindness. The causes of simple atrophy 
of the optic nerve are: 1. Primary degeneration of the optic nerve. This 
is found above all in tabes, which is by far the most frequent cause of the 
simple form of optic-nerve atrophy. In the same way, though less often, 
optic-nerve atrophy is associated with a condition allied to tabes, [and like 
it a late manifestation of syphilis] namely, progressive paralysis of the 
insane. Optic-nerve atrophy usually develops in the initial stage of tabes 
at a time when the ataxic symptoms are slight or absent, and the diagnosis 
of tabes is not yet readily made. It is therefore a fact of great value to us 
that we know two other symptoms which likewise usually make their 
appearance very early. One of these symptoms regards the pupil, which no 
longer reacts to light (Argyll-Robertson pupil, page 386), and is generally 
also greatly contracted (spmal miosis, page 451). The other symptom, dis- 
covered by Westphal, is the absence of the patellar reflex. [Other important 
signs are a positive Wassermann reaction in the blood and especially in the 
spinal fluid and lymphocytosis of the latter with a positive globulin reac- 
tion.—D.] Spinal atrophy of the optic nerve always affects both eyes, 
although not necessarily both at the same time. It advances slowly but 
surely until there is complete blindness,.and hence has rightly earned the 
name of progressive atrophy. Simple atrophy of the optic nerve is, more- 
over, a frequent complication of disseminated sclerosis. These cases are 
characterized by their irregular course—at times by transient improvement 
of sight—and they rarely lead to complete blindness. 2. A break in the line 
of conduction. This may be intra-cranial in site, a tumor or otherfocal affec- 
tion compressing the nerve itself or the chiasm within the skull. In this 
case the atrophy is propagated gradually from the site of the break in the 
line of conduction down to the intra-ocular extremity (descending atrophy). 


“The break in the line of conduction may also evidently be located near the 


periphery—i. e., in the orbit where the optic nerve may be thrown into a 
state of atrophy by inflammations, injuries, or as a result of compression by 
tumors. Atrophy by a break in the line of conduction may give the same 
ophthalmoscopic picture as tabetic atrophy. But while in the latter the 
pallor of the optic nerve can be made out at the very same time that the 
deterioration in sight begins, in the former it occurs subsequent to thedete- 
rioration in sight, since it takes some time—several weeks, at least, and usu- 
ally longer—for the degeneration of the optic-nerve fibers to travel fromthe 
point where the break is situated down to the papilla. 


Simple atrophy is found most frequently in middle life. In children it almost 
never occurs [except in the rare infantile or juvenile tabes, in which it is an almost con- 
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stant and sometimes almost the only symptom (Barkan)]; the atrophy of childhood is, 
as arule, neuritic. Men are more frequently attacked by simple atrophy than women, 
a fact which is dependent upon the greater predisposition of the male sex to spinal 
affections and to syphilis. In old people a low degree of non-inflammatory atrophy of 
the optic nerve sometimes occurs, caused by atheromatous disease of the internal 
carotid or of the ophthalmic artery. In this case the vessels by the pressure they cause 
induce a partial atrophy of the optic nerve, which for a certain part of their course 
they directly adjoin (Bernheimer, Sachs, Otto). 

The disturbance of sight in atrophy always affects not only direct vision, but 
also the visual field, which is found to be diminished. Sector-shaped defects or con- 
centric contraction of the visual field are the most frequent forms under which this 
occurs. Color blindness also sets in early: first for red and green, and last of all for 
blue, which color, therefore, is recognized the longest. By this circumstance atrophy 
is distinguished from glaucoma simplex, which sometimes shows much resemblance 
to it, but which is not ordinarily associated with color blindness until late in its course. 

In the simple atrophy of tabes the anatomical changes at the outset consist of 
discrete foci of disease, which appear gray upon cross section and which lie in the 
trunk of the optic nerve. In this case we are dealing with the same gray degeneration 
that exists in the posterior columns of the spinal cord in tabes. The nerve fibers lose 
their white medullary substance and are transformed into extremely minute fibrille, 
and hence the entire tissue acquires a gray and translucent appearance. Between the 
remains of the nerve fibers are found cells filled with granules of fat. 

In the later stages secondary changes occur consisting of a moderate thickening 
and sclerosis of the connective-tissue septa and multiplication of the glia nuclei; but 
evidences of actual inflammation are wanting during the entire course of the process. 
In disseminated sclerosis, on the other hand, a proliferative inflammation of the con- 
nective tissue and of the glia, occurring under the form of insular foci, appears in the 
optic nerve at the very outset. Later on, the proliferated tissue shrinks and the nerve 
fibers lose their medulla. The axis-cylinder, however, remains intact for a long time 
and for this reason the sig;ht is not as a general thing completely destroyed. Hence, 
in tabes and progressive paralysis the primary process is seated in the nervous elements 
(optic-nerve fibers, ganglion cells of the retina), and in sclerosis it is located in the 
supporting structure of the nerve. 

The anatomical condition found in descending or ascending atrophy is similar 
to that occurring in gray degeneration of the optic nerve. The atrophy reaches its 
highest degree in those cases in which the eyeball has been completely destroyed, the 
optic nerve in this instance shrinking in the course of time to a thin strand consisting 
simply of connective tissue. 


557. (b) Inflammatory atrophy of the nerve is the form which occurs as 
the final result of a neuritis or a retinitis (neuritic or retinitic atrophy). 
Inflammatory atrophy is distinct from the simple variety in its ophthalmo- 
scopic features as well as its origin, because in it the papilla is traversed by 
connective tissue formed by an organization of the exudate. In neuritic 
atrophy the papilla is at first of grayish-white color, and its margins are 
slightly hazy; the veins are very distended and tortuous. Afterward the 
papilla becomes of a pure white or bluish-white, but we do not see the lamina 
eribrosa exposed to view as in simple atrophy. The papilla is now sharply 
defined, but is often smaller than normal and irregular, as though it had 
been shrunken; both arteries and veins are contracted and are frequently 
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inclosed within white streaks. There is often found about the papilla an 
: irregular decolorization of the chorioid immediately adjoining it. In reti- 
_  nitic atrophy the papilla looks clouded and of a dirty grayish-red. Its out- 
lines are faint, and the vessels are greatly thinned and often have entirely 
disappeared (Fig. 258). 
: 558. The prognosis of atrophy of the optic nerve is in general unfavor- 
able. Cases of simple atrophy for the most part lead to complete blind- 
ness. Inflammatory atrophy affords a somewhat better prognosis, since the 
amount of sight which the neuritis or retinitis has left is usually perma- 
nently preserved. Treatment consists primarily in the management of the 
causal disease. For the lesion of the optic nerve itself, in syphilitic cases 
salvarsan lespecially by intra-spinal injection], mercury, potassium iodide 
are employed; and in these and also in non-syphilitic cases injections of 
strychnine, and the constant [or high frequency] current applied to the eye: 
itself; unfortunately, however, generally with but slight success. - [A begin: 
ning descending atrophy due to increased intra-cranial pressure may be: 
helped by decompression and one due to hypophysis disease may be arrested! 
by an operation to remove the diseased pituitary gland (Cushing).—D]. 


Treatment with {salvarsan and] mercury is indicated in those cases only of optic- 
nerve atrophy of which it is assumed that they are caused directly by syphilitic disease 
of the optic nerve or its vicinity. [If mercury is combined with salvarsan, the develop- 

‘ ment of neuro-recidives (see page 622) is prevented.] But in optic-nerve atrophy due 
to tabes or paresis—disorders which are in the last analysis attributable to syphilis— 
we often see the decline of vision go on especially fast during a course of mercurial 
treatment, so that in such cases we prefer to avoid mercury. 
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IV. Toxic AMBLYOPIA 

559. Poisons may interfere with vision in various ways, by causing 
either paralysis of the eye muscles, of the sphincter pupillz, and of accom- 
modation, or by causing disease of the light-perceiving apparatus, i. e., the 
retina and optic nerve. We shall speak here only of affections of the latter 
class which are comprised under the name of toxic amblyopias. In acute 
conditions of poisoning, blindness sets in either suddenly, as after large 
doses of quinine, filix mas, or methyl alcohol, or at least within a few days, 
as occurs with atoxyl; in chronic poisoning, of which that caused by nicotine 
and alcohol should be mentioned here as being the most frequent form, the 
amblyopia develops very gradually, and is limited to a central scotoma, A 
third group is formed by lead poisoning. 

560. Acute Poisoning by Quinine and Other Substances.—1. In acute 
quinine poisoning (after doses of [less than one to] three gm. or upwards) 
sudden blindness sets in with hardness of hearing or complete deafness. In 
most cases the blindness disappears again gradually but imcompletely, 
amblyopia and a markedly contracted visual field remaining permanently. 
Even at the beginning we find with the ophthalmoscope excessive attenua- 
tion of retinal vessels, with which is afterward associated a pallor of the disk. 


—— 
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Anatomical investigation in quinine poisoning produced experimentally in dogs 
shows during the very first days a destruction of the ganglion cells of the retina ( Holden, 
Druault), these being primarily attacked by the poison, and as a result of the death of the 
ganglion cells a degeneration of the nerve fibers in the optic nerve very soon sets in. 

Sudden blindness also occurs after poisoning by salicyl preparations (including 
oil of wintergreen, filix mas, pomegranate-root bark, optochin, atoxyl, arsacetin [osmic 
acid, potassium chlorate, and acetanilide] (all being substances which are taken as medi- 
cines), and by methyl alcohol, which is used as an intoxicating beverage. [In this country 
there have been many cases of blindness from methyl-alcohol poisoning. In a few 
cases this has occurred from inhalation of the vapor (as in shellac workers), but gener- 
ally from drinking cheap liquor, Jamaica ginger, or other liquids which have been adul- 
terated with deodorized wood alcohol (‘‘Columbian spirits’’). Blindness is almost always 
complete and permanent. Acute, complete or partial blindness is also caused by inhal- 
ing the fumes of exploded dynamite and of nitrobenzol (Stephenson).—D. | 

561. Chronic Poisoning by Tobacco, Alcohol, and other Substances.— 
2. Nicotine and alcohol amblyopia are due to chronic poisoning by these sub- 
stances. Nicotine gives rise to poisoning more often than alcohol, but very 
frequently the two poisons act together, the person affected being at’ the 
same time a great smoker and a great drinker. The symptoms in the two 
cases are the same. The disturbance of vision sets in so gradually that the 
patients are for the most part unable to tell exactly when it begins. At first 
medium-sized print can still be read, afterward the reading of ordinary print 
becomes impossible. The reduction in the visual acuity is almost always 
the same in both eyes—a fact which distinguishes this from other intra- 
ocular affections, such as cataract, chorioiditis, atrophy of the optic nerve, 
etc., in which the two eyes are usually affected to a different degree. 

The symptom of nyctalopia is particularly characteristic. The patient declares 
that he sees much better in the evening than in the daytime; indeed, in recent cases 
he often imagines that in the evening he still sees as well as he used to do, and that 
it is only in the daytime that he has a troublesome cloud that dazzles his sight. Objec- 
tive examination shows that really in most cases no observable improvement takes 
place when the illumination is reduced; but the annoying sense of dazzling is done 
away with, so that the patient believes that he sees better. In some cases, however, 
I have been able to make out a real improvement in the sight upon diminishing the 
illumination. One of these patients read finer print and read it better when he put 
on dark-gray goggles than he could do with the naked eye. Another patient, a coach- 
man, could still recognize in the evening the numbers of the houses to which he had to 
go, while in the daytime he no longer was able to do it. 

Many patients also declare that they cannot recognize red colors, particularly 
of small objects, as well as formerly. Their acquaintances, they find, look ill because 
their cheeks appear of a waxen yellow. Innkeepers, who are particularly apt to be 
affected with tobacco amblyopia, complain that they can no longer distinguish be- 
tween copper and nickel coins, since they no longer appreciate the difference in color. 

Objective examination shows but slight ophthalmoscopic changes. In recent cases 
the papilla is usually somewhat hyperemic; in the older cases, on the contrary, it 
has grown paler in its temporal half. But these changes are often so little pronounced 
that one may say that the result of examination is negative. 

Examination of the vision shows a moderate diminution of the visual acuity, 
which has its cause in a central scotoma (Fig. 278). This scotoma forms a horizontal 


DISEASES OF THE OPTIC NERVE 629 


\ 


oval, extending from the macula lutea to the blind spot, and corresponding, there- 
fore, to the maculo-papillary region of the retina (Fig. 268). At first there is simply 
a color scotoma. No gap is found in the field of vision if it is tested by means of a white 
object; but a red or green mark undergoes a change of color in the region of the scotoma. 
It appears less highly colored than in the other portions of the field of vision, and later 
on appears perfectly colorless. Later still, the mark disappears altogether from view 
in this portion of the visual field; the scotoma has now become absolute (see page 124), 
and the vision has become reduced to the lowest point that it ean reach in this disease. 
The outer limits of the visual field always remain normal, and complete blindness is 
therefore not to be apprehended, but direct vision is destroved, and with it the ability 
to carry on any fine work. Owing to the chronic course of the disease, it takes a series 
of months for the sight to be reduced as low as this; and, moreover, this extreme reduc- 
ion does not occur in every case. 

The cause of tobacco amblyopia is the excessive use of tobacco, whether by smoking 
or chewing. The disease is hence found almost exclusively in the male sex, and in males 
not generally until middle life. It would thus appear as if theresistance to nicotine dimin- 
ishes with age. The quantity of tobacco 
which is sufficient to bring on a tobacco 
amblyopia varies according to the sus- 
ceptibility of the individual, in many 
cases comparatively small amounts of 
tobacco sufficing for this purpose. The 
cheap varieties, which are usually richer 
in nicotine, and also moist tobacco, are 
more dangerous than the better, dry 
qualities. The abuse of spirituous beve- 
rages, which, to be sure, is very usual 
with great smokers, favors the develop- 
ment of tobacco amblyopia; but ambly- 
opia also occurs in smokers who abstain 
altogether trom alcoholic drinks. 


Treatment cons'sts, above all, in 

3 ae Fic. 278.—F1pLp oF Vision or THE Lerr EY& oF a 
abstinence from tobacco, and it is prob- MAN SUFFERING FROM Tonsaccu AMBLYOPIA. 

able that in light cases alone is sufficient The visual field when tested with a white object 

a (shown by the portion left white in the figure) is 

to effect a cure. To accelerate the cure normal. When, however, the examination is made 

we employ iodide of potassium intern- with a red object, a central scotoma is found having 

Y iT Rea. ; an extent represented by the shaded area which 

ally or hypodermic injections of strych- forms an irregular oval. The small black circle com- 


nine. [Stress has blew heen Isid on 4s prised if this area represents Mariotte’s blind spot. 
importance of preventing intestinal autotoxis (by suitable diet, purgation, free water- 
drinking, ectc.). Furthermore, as stated in § 562, the urme ought to be examined in 
every case, and the treatment modified: accordingly —D.] In addition, we prescribe 
a suitable regimen for the eyes. Recent cases in which middle-sized print can still 
be read, and in which the scotoma has not yet become absolute, afford a good prog- 
nosis, since a perfect cure is usually obtained, although one or two months are required 
for it. In older cases, however, in which even quite large print can no longer be read and 
the scotoma is absc’ate, a complete cure is for the most part impossible. 

Alcohol amblyopia also does not usually begin before middle life, and occurs as 
a rule only in spirit drinkers. It is frequently combined with alcoholic neuritis of the 
peripheral nerves. The treatment is the same as that of tobacco amblyopia, but the 
prognosis less favorable for the reason that abstinence from alcohol is much harder 


to secure than abstinence from tobacco. 


630 TEXT-BOOK OF OPHTHALMOLOGY 


Samelsohn was the first to discover the anatomical changes in nicotine and alcohol 
amblyopia. He showed that they were limited to the papillo-macular bundle, whose 
position and course within the optic nerve he was thus able to determine (page 606). 
In the course of this bundle it is found that the nerve fibers have disappeared and 
nothing but glia tissue is present, while the connective-tissue septa lying between the 
nerve fibers are thickened (Fig. 268). Samelsohn regarded this as the outcome of an 
interstitial inflammation of the optic nerve, the inflammation affecting the connective- 
tissue portion and especially the septa which convey the blood-vessels and which be- 
‘cause of the inflammation become thickened. In consequence of this thickening, the 
‘optic-nerve fibers are compressed and made to atrophy. Others, however, think that 
what occurs is a primary lesion of the optic-nerve fibers by the poison and that if a 
thickening of the connective-tissue septa was found, this was a secondary change. 
‘The optic nerve would then behave in just the same way as has been shown to hold 
for the peripheral nerves in alcoholic neuritis. Lastly there are some who believe that 
even the destruction of the nerve fibers is not the primary affection, but that, in anal- 
ogy with the conditions of acute poisoning (by quinine, ete.), this consists in a lesion 
cof the ganglion cells in the retina and that an ascending atrophy develops in the nerve 
fibers as a secondary affair. 

The same complex of symptoms as in nicotine and alcohol amblyopia occurs also 
in chronic poisoning due to various other substances which either are taken into the 
body for therapeutic purposes, like stramonium, chloral, iodoform, iodides, thiuret, 
thyreoidin, or which find their application in industries, like carbon bisulphide (in 
vulcanizing rubber) and aniline. [Iodoform may cause complete blindness.—D.]} 

3. Lead also causes disturbances of vision which develop in a chronic fashion. 
These, however, occur very exceptionally under the guise of amblyopia with central 
scotoma. As a rule, they appear under the form of a papillitis which not infrequently 
leads to complete blindness. 


562. Autotoxemic Amblyopia.—Disturbances of vision due to neuri- 
tides which are usually retrobulbar and run sometimes an acute, sometimes 
a chronic course, are also found in cases in which owing to anomalies of 
metabolism the opportunity is afforded for the production of toxie sub- 
stances (auto-intoxication). The most frequent occurring example of such 
a disturbance of vision is that found in diabetes. 


In this case we sometimes observe an amblyopia of the type of a nicotine 
amblyopia. This may be simply the result of the diabetes itself, but mostly it affects 
patients who smoke, so that the influence of nicotine cannot be surely excluded. It 
seems that the resistance of the optic nerve toward nicotine is diminished by the 
disturbance of metabolism due to the diabetes, for which reason a diabetic patient 
ought to be warned not to smoke much; and for a like reason the urine ought to be 
examined for sugar im every case of amblyopia with central secotoma, even when such 
amblyopia apparently comes from smoking or drinking. 

Probably also referable to auto-intoxication are the eases of papillitis and retro- 
bulbar neuritis which are found in anomalies of menstruation—during pregnancy and 
lactation—and in gout. 

563. Injuries of the Optic Nerve.—The optic nerve may be injured within the 
orbit [directly] by penetrating foreign bodies, stab wounds, shot wounds, ete. Because 
of this break in the line of conduction, blindness—partial or complete according to the 
severity of the lesion—is present immediately after the injury. With this there are, at 
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first no ophthalmoscopic changes demonstrable in the papilla. It is not uitil later, after 
weeks have elapsed, when the descending atrophy has traveled from the site of injury 
to the papilla, that the latter becomes paler and presents the picture of simple atrophy. 
It is only when the optic nerve is injured so far forward that the central vessels are 
also divided that characteristic ophthalmoscopic symptoms can be made out at once. 
In such cases immediately after the injury a picture develops analogous to that of 
embolism of the central artery. The arteries of the papilla and retina are bloodless, 
and the retina soon becomes clouded—a sign of its death. 

Indirect injuries of the optic nerve occur not infrequently in consequence of 
injuries of the skull by the impact of a blunt object (a blow or fall upon the head, etc.). ‘ 
In such eases there is partial or complete blindness associated with the symptoms 
of a severe injury of the skull (the signs of concussion of the brain or of fracture of 
the base of the skull). Such blindness may be unilateral or bilateral. Ithasbeen . 
demonstrated by the investigations of Holder and Berlin that in these cases we are 
dealing with indirect fractures of the walls, particularly of the upper wall, of the orbit, 
which fractures are continued into the optic canal, so that the optic nerve in the latter 
is crushed or lacerated. Several weeks or months afterward there is developed in the 
papilla the picture of simple atrophy. These cases of blindness are incurable, 


564. Tumors of the Optic Nerve.—The optic nerve may be affected with tumor 
formation, either primarily or secondarily. The latter most frequently happens through 
the growth of intra-ocular tumors, such as sarcoma of the chorioid and glioma of the 
retina, backward along the optic nerve. Primary tumors of the optic nerve are rare. 
They comprise fibromata, sarcomata with varieties (myxo-sarcoma, psammo-sar- 
coma, etc.) of the latter, and endotheliomata. These usually spring from the sheaths of 
the optic nerve, while the gliomata develop in the nerve-trunk itself. Pure neuromata, 
originating from the nerve fibers, have not up to the present time been observed with 
certainty in the optic nerve. Primary tumors of the optic nerve begin generally in 
youth, and grow very slowly. They cause an exophthalmus, distinguished from that 
occurring with other orbital tumors by the fact that the lateral displacement is either 
entirely absent or is at all events insignificant. The mobility of the eye remains good 
for a comparatively long time; on the other hand—and this is characteristic—blindness 
sets in very early. With the ophthalmoscope we find at first neuritis with the venous 
engorgement particularly marked; afterward atrophy. [In one case reported by 
Ellett the fundus appeared normal, although there was complete blindness. In 
structure the tumors vary greatly. Some may be classed as endotheliomata, others 
show an overgrowth of the fibrous connective-tissue elements of the nerve (fibroma- 
tosis). (Byers.)—D.] In many cases the patient shows other symptoms of neuro- 
fibromatosis (see page 499). Treatment consists in extirpating the tumor; in doing 
which we may, under certain circumstances, leave the eye in place, [See § 896.| 
Recurrences after operation are comparatively rare. 

A few cases of tuberculous granulation-tumor of the optic nerve are also known. 

[Hyaline bodies (so-called colloids) in the form of pearly or yellowish, rounded 
elevations, usually massed in mulberry-like aggregations, are sometimes found on the 
papilla and the adjacent retina. They were formerly confounded with druses (see page 
457), from which, however, they differ in origin and structure (De Schweinitz, Leber). 
Amyloid bodies are also found in the same situation.—D.] 


(565. Congenital Anomalies of the Optic N erve.—They include coloboma (page 481), 
aplasia (page 599), pseudoneuritis (page 98), medullated nerve fibers (not strictly congen- 
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ital, see page 565), and the presence of shreds or larger masses of connective tissue envel- 
oping the vessels and projecting from the disk like the masses in retinitis proliferans.—D. } 


DISTURBANCES OF VISION WITHOUT APPARENT LESION 


566. Amblyopia and Amaurosis.—The expressions amblyopia® (weak 
sight) and amaurosis® (absolute blindness) are terms used to designate dis- 
turbances of vision. The former designation is now applied only to those 
cases in which the weakness of sight cannot be relieved by suitable glasses. 
For instance, a myope who sees badly with the naked eye, but possesses the 
full amount of visual acuity with the correcting concave glass, isnot am- 
blyopic but simply myopic. Under the name of amaurosis were formerly 
known those cases of blindness in which the eye had externally a normal 
appearance, so that this designation ‘was equivalent to the expression “black 
cataract”? (‘““schwarzer Staar”). The ophthalmoscope has thrown light 
upon these cases, which are for the most part referable to affections of the 
chorioid, the retina, and the optic nerve. At the present day the expres- 
sions cerebral amaurosis and spinal amaurosis are still used in the old 
sense; by these names being designated those cases in which blindness has 
set in as aresult of diseases of the brain and spinal cord, while the external 
appearance of the eye is normal. But the word amaurosis is also employed 
at present in a wider sense as equivalent to total blindness, even when 
the eye shows external changes. Thus we say of an eye blinded by irido- 
cyclitis that it is amaurotic. 

Thanks to the refined methods of examination with glasses, but most 
of all thanks to the ophthalmoscope, it is at present possible in most cases 
to discover the cause of weak sight or of blindness. Nevertheless, there 
does remain a small number of cases in which we are unable even now to 
demonstrate any changes in the eye as a cause for the disturbance of vision. 
In some of these cases of disturbance of vision without apparent lesion, the 
changes are’ so minute that they are not discoverable by our present methods 
of examination. In other cases the cause of the disturbance of sight is not 
seated in the eye at all, but behind it, in the optic tract and even as far back 
as the cortex of the brain. In other cases still there are no anatomical lesions 
whatever, and what we have before us is simply the so-called functional 
affections—i. e., altered conditions of circulation and nutrition resulting in 
disturbance of function. 


A. The Seat of the Disturbance of Sight is in the Eye Itself 


567. (1) Congenital Amblyopia.—We assume this to exist in those 
cases in which, according to the account given by the patient, weak sight 
has existed for a long time, and inwhichall other causes forit can be excluded. 
We are justified in making this assumption whenever other congenital anom- 
alies are also present in the amblyopic eye, such as an extreme degree of 


5 Properly blunt-sightedness from au8\vs, blunt, and ow, sight. 6 amwaupés, dark 
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hyperopia or astigmatism, coloboma of the iris or the deeper membranes, 
albinism, microphthalmus, ete. For experience shows that such eyes almost 
always display a reduction of the visual power, which cannot be brought 
to the normal even by the correction of the error of refraction present. 

Congenital amblyopia is usually unilateral; the effected eye is then 
very apt to fall into a state of squint. If the amblyopia affects both eyes, 
nystagmus develops (see § 705). 

[In view of the great frequency of retinal hemorrhages in the new-born 
(see page 572), it is assumed that some of the cases of congenital ambly- 
opia are due to a hemorrhage of this sort which destroyed central vision 
and disappeared without leaving a trace of its presence.—D.] 

568. (2) Amblyopia ex Anopsia.’—Amblyopia from non-use occurs 
when there has been present from earliest youth an obstacle to vision in the 
eye, which makes the formation of sharp images upon the retina impossible. 


_In this category belong cases of opacities either of congenital origin or 


acquired early in life, situated in the cornea, lens, or in the region of the pupil 
(pupillary membrane). Amblyopia also develops in an eye which has 
squinted since childhood, because in this case the perception of the retinal 
images in this eye is suppressed, and the eye is thus purposely excluded from 
participation in the act of vision. In all these cases, the retina, owing to 
lack of exercise, fails to attain to that delicacy of function which belongs to 
normal eyes, or the functional capacity which has been already acquired is 
lost; but absolute blindness never occurs. The function of the retina never 
again becomes perfectly normal, even if the cause of the visual disturbance 
is done away with either through removal of the optical obstacle to sight 
or through correction of the squint by an operation. [Cases have been 
reported, some surely authentic, in which an amblyopic squinting eye has 
acquired good vision either through correction of the refraction or because 
loss of sight in the good eye has compelled the use of the amblyopic eye —D.] 

When—as in an adult—the development of the retina has once been 
completed, an obstacle to vision may last for many years without the retina’s 
suffering any harm. Thus cataracts which have formed in adults have been 
operated upon with perfect success after lasting twenty years or more. 

Treatment consists in the earliest possible removal of the obstacle to 
vision. This rule holds good particularly for the cataracts of childhood, 
the performance of an operation upon which was formerly as a matter of 
choice put off till the age of puberty, although we may operate upon cata~ 
ract (by discission) in children even at the age of a few months with the best 
results. Exercising of the amblyopic eye is of service in bringing up the 
functional power of the retina. This is particularly employed in cases of 
strabismus, where by bandaging or atropinizing the sound eye we force the 
eye which squints to see (see § 693). 
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569. (3) Hemeralopia® (Night Blindness).—By hemeralopia, in the 
widest sense of the term we understand that condition in which one sees 
well by day, but by night or under feeble illumination from any cause sees 
poorly or not at all. {In the narrower sense it is used to denote a special 
disease (idiopathic hemeralopia).] 


In this disease the patients state that they can see perfectly well in the daytime, 
but that in the poorly.lighted streets in the evening they have to be led about. If tests 
of the vision are made in such a case, it is found that, in accordance with those state- 
ments of the patient, the visual acuity is normal when the illumination is good, but 
sinks with unusual rapidity when the illumination is diminished. If by letting down 
the window curtains we darken the room to such an extent that the examining physi- 
cian can still read medium-sized print, the patient will perhaps no longer recognize the 
large letters, or he will even in walking through the room stumble over the chairs which 
stand in his way. A more accurate examination made by means of Férster’s photo- 
meter (see page 127) shows a considerable reduction of the light sense. If the retina is 
set in action by sufficiently strong stimuli—i. e., by brilliant images—it performs its 
functions normally but as soon as the stimuli sink below a certain limit it no longer 
reacts toward them. This condition is called torpor retine. 

- Examination with the ophthalmoscope shows no changes whatever in the interior 
of the eye. But in most cases there is a xerosis of the bulbar conjunctiva (see page 229); 
i. e., we find in the latter upon the outer and inner side of the cornea a small rounded 
or triangular spot, over which the surface of the conjunctiva looks dry, and seems as 
if covered with a fine, whitish foam. Xerosis of the conjunctiva has no other connection 
with torpor retine than that both are symptoms of a reduced state of nutrition of the 
eyeball. 

Idiopathic hemeralopia originates in a disturbance of nutrition of the retina, the 
nature and causes of which have not yet been fully investigated. The disease attacks 
mainly men, especially those of middle age; less often women. A predisposition to it 
is afforded by a reduction of the general nutrition. The disease accordingly is found in 
people who in general are insufficiently nourished, as the inmates of workhouses, penal 
establishments, or orphan asylums, soldiers (very frequently affected in the present 
war), and sailors (in these occurring simultaneously with scurvy). In Russia, the disease 
is found especially during and after the long fast at Easter, during which time the people 
eat no meat. Furthermore, hemeralopia is sometimes observed with jaundice, with 
intermittent fever, with chronic aleoholism, and also in pregnant women, Whether 
dazzling of the eyes by a bright light may give rise to hemeralopia is questionable. In 
persons who are thus predisposed to it the disease develops usually in spring. It often 
affeets a number of persons at the same time. 

The prognosis of idiopathic hemeralopia is favorable, as the disease usually gets 
well of itself after some weeks or months. It, however, leaves behind it a tendency to 
recurrences which usually make their appearance in the spring or summer of the 
following years. 

As regards the treatment, the use of cooked liver and of cod-liver oil have for a 
long time enjoyed a great and deserved repute among the laity. In addition we take 
care to elevate the nutrition by strengthening diet and by corroborative remedies and 
to protect the eyes from light. In the lighter eases we make the patient wear dark 
glasses, in the severer cases we keep him for several days in a dark room. By this treat- 
ment an abbreviation of the disease is secured 


Hemeralopia in conjunction with xerosis of the conjunctiva is also found as a 
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precursor of keratomalacia, which likewise must be regarded as the consequence of a - 
disturbance of the general nutrition (see page 280). 

Hemeralopia in general is not a disease in itself, but simply a symptom which may 
belong to various diseases. These latter are divided into two groups—opacities in the 
media and diseases of the light-perceiving apparatus. 

(a) Opacities in the media excite the symptom of hemeralopia when they occupy 
the periphery, and leave the center free, as in the case of peripheral opacities of the 
cornea and lens. Under brilliant illumination, when the pupil is contracted these no 
longer fall within the area of the latter, while, when the illumination is diminished 
and the pupil is dilated, they project into the pupil and interfere with sight. Again 
when there are faint diffuse opacities distributed uniformly over the entire cornea, the 
sight is often better when the pupil is contracted, because the dazzling due to diffused 
light is then less. In all these cases, therefore, the width of the pupil is what determines 
the visual power. On the other hand,— ; 

(b) Hemeralopia in diseases of the light-perceiving apparatus has nothing to do 
with the width of the pupil. The diseases to be considered in this connection are idio- 
pathic hemeralopia on the one hand, and, on the other hand, retinitis pigmentosa 
together with many other cases of atrophy of the retina, e. g., such as occur after retinitis, 
chorioiditis, glaucoma, ete. The nature of the visual disturbance, however, in these 
two categories is essentially different. In idiopathic hemeralopia there is a reduction 
of the light sense (page 126), probably as a result of insufficient regeneration of the visual 
Substances. The fovea centralis even under physiological conditions has a feebler 
light sense than the periphery of the retina [see page 123] and hence in idiopathic hemer- 
alopia stops functioning at the same time that the periphery of the retina does or even 
somewhat earlier, as the illumination is reduced—many patients stating that when 
the illumination is feeble they see a dark spot in the center of the visual field. In retin- 
itis pigmentosa the reverse obtains. The periphery of the retina is diseased and, when 
the illumination is reduced, no longer functions, while central vision is still intact. Then 
the visual field becomes so small that it no longer suffices for the patient’s orientation 
(page 114). In idiopathic hemeralopia the visual disturbance is transitory, in retinitis 
pigmentosa and the allied forms is permanent, 


570. (4) Nyctalopia.’—This is the opposite of hemeralopia—i. e., is 
the condition in which the sight is better at night or in diminished illumina- 
tion than in bright daylight. 


It, too, occurs in two groups of diseases which have their seat either in the media 
or in the light-perceiving apparatus—only, in this case the site of the changes is just 
the reverse of that found in hemeralopia. The opacities of the media causing nyctalopia 
are centrally situated (in the cornea, pupil, or lens). Hence, when the pupil is contracted 
they occupy its entire area; on the contrary, when, owing to diminished illumination, 
the pupil dilates, its peripheral portions which are still transparent can be used for 
seeing. The affections of the light-perceiving apparatus causing nyctalopia are those 
in which the outlying portions of the field of vision are normal, while in the center there 
is a scotoma. In these cases, to be sure, the visual acuity is ordinarily no better with 
diminished illumination than it is in full daylight, but the feeling that central vision 
is blunted is less unpleasant, so that the patient imagines that he sees better in the 
evening. This symptom is most pronounced in tobacco amblyopia (see page 628). 
This variety of nyctalopia is entirely independent of the width of the pupil. 


571. (5) Color Blindness.—Color blindness occurs both as a congenital 
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and an acquired affection. The former is not a disease but an imperfection 
of vision dependent upon unknown causes; the latter accompanies many 
diseases of the retina and optic nerve. 

Congenital color blindness is known as daltonism, after the English 
physicist Dalton, who was himself color blind, and was the first to describe 
this defect accurately. It may be total, so that no color-is recognized, and 
the external world looks to be gray on a gray ground like an engraving 
(achromatopsia), or it may be partial, only a certain group of colors being 
deficient (dyschromatopsia). The former variety is extremely rare; the lat- 
ter, on the other hand, is pretty frequent. Very often it is not complete 
blindness for any special color that is present, but only a rather less marked 
ability to distinguish one from the other, so that colors are not recognized 
with the same certainty and at the same distance as is the case in the normal 
eye (weakness of the color sense occurring in what Nagel calls anomalous 
trichromates). There are thus all sorts of transition forms between normal 
color sense and total color blindness. 

572. Young-Helmholtz Theory of Color Perception.—How we are to 
distribute the cases of partial color blindness into their different categories 
depends upon the theory of color perception that we adopt as the funda- 
mental one. In the following discussion we shall first start with the Young- 
Helmholtz theory. This assumes the existence of three fundamental sensa- 
tions, corresponding to the fundamental colors, red, green, and violet and 
supposes the other color sensations to originate through a varying mixture 
of the fundamental sensations. Partial color blindness would then consist 
in the deficiency of the sensation for one of the primary colors, so that the 
color sensations of the affected individual would be compounded only of the 
other two fundamental colors. According to the fundamental color that is 
deficient we make the distinction between red blindness [protanopia], green. 
blindness [deuteranopia], and violet blindness |tritanopia.| 

Now, in what way does a color-blind person—for instance, one affected with 
red blindness—comport himself? We are not to suppose that such a one does not 
perceive red objects at all, or that, if he sees them, they appear perfectly colorless. 
The fact is simply that the sensation which he has in looking at red objects is very 
similar to that which green objects excite in him, so that he confounds red and green 
with each other. To understand this, we must for the present adhere to the Young- 
Helmholtz theory. According to this, there are in the retina three species of fibers 
corresponding to the three primary colors. Each one of these species of fibers is set 
into action by all kinds of colored light, but to a different degree. Some fibers are set 
into action most strongly by red rays, less so by yellow, still less by green, and least of 
all by violet. They are hence designated simply as the fibers for the perception of red. 
The curve represented in Fig. 279 A illustrates the way in which these fibers act. The 
different colors of the spectrum are laid off upon the abscissa, while the ordinate shows 
the intensity of the excitation produced by each individual color. In analogous fashion 
the second set of fibers is set into action most strongly by the green rays (Fig. 279 B), 
the third group of fibers most strongly by the violet rays (Fig. 279 C). 

In Fig. 279 D the curves of all three groups of fibers are erected upon the same 
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abscissa. The red ray, 7’, excites most strongly the fibers for the perception of red, 
more feebly those for the perception of green, and least of all those for the perception 
of violet. Under these circumstances we get a sensation of red, because the degree of 
excitation of the fibers for the perception of red exceeds that of the other fibers. In 
like fashion, a green ray, gr’, stimulates the fibers for the perception of green more 
strongly than it does the other two kinds, and excites the sensation of green. An anal- 
ogous statement holds good for the sensation of violet (v1). 

Now, a man afflicted with red blindness presents a condition differing from this 
normal one, in that the fibers for the per- 
ception of red are absent (Fig. 279 E). If 
he looksat the spectrum it appears to him 
shortened atits red end, since he sees only 
blackness at spots where others still per- 4 
ceive red. A red ray, 7’, which falls upon 
this man’s retina sets in action only the fi- 
bers for the perception of green and those 
for the perception of violet—and of these 
the former more markedly, so that the re- 
sultant effect willbeagreen. Ifgreenlight B 
falls upon the retina, the fibers for the per- 
ception of green are again stimulated more 
strongly than those for the perception of 
violet, and again the sensation of green 
is produced. Where, then, we have two C€ 
different sorts of sensations, viz., red and 
green, a person with red blindness has 
two that aresimilar—namely, both green. 
(The shade of green which appears to 
most persons with red blindness to have D 
the same color as red is that hue of bluish- 
green which is complementary to red.) 

A person with red blindness, however, 
can distinguish these two sensations from 
each other, for, though similar indeed, 
they are not quite the same. They are — 


istinguis ‘ heir 
distinguished from each other by we Fia. 279.—REPRESENTATION OF COLOR PERCEPTION, 


. difference in luminosity. For let us as- ACCORDING TO THE THEORY OF YOUNG AND HELM- 
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to a normal eye. Such an eye can still abscissa show graphically the sensitiveness of the 
distinguish them apart, owing to their three sorts of fibers in the retina toward rays of dif- 
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difference in color. The case is otherwise jndicate the intensity of the stimulation of the fibers 
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with a red-blind man, in him the red TOY; “4 gives the curve representing the sensitiveness of the 
in spite of its luminous intensity, causes fibers for the perception of red; B, that of the fibers 
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but slight stimulation of the fibers for the perception of violet. _In ie a gl curves Bre 
* : : spariae represented at the same time. # shows the curves o 

the perception of green, simply because sensitiveness of a red-blind eye in which the fibers for 


these fibers are in any case but slightly the perception of red are supposed to be wanting. 

sensitive to red rays. The sensation produced by the red ray is hence a feeble 
one, and the color which is seen looks dark. The green ray, on the other hand, 
is perceived in its full luminosity, because the fibers for the perception of 
green are stimulated by it in the normal fashion. In this way it is generally pos- 
sible for the man with red blindness to distinguish red from green, not indeed by 
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the difference in color, but by their difference in luminosity. This difference, how- 
ever, between the character of his own sensation and that of a man with normal 
vision usually remains unknown to the color-blind person. When growing up, he learns 
the expressions red and green from his associates, certain objects being pointed out to 
him as red and others as green. He is told that the leaves of the cherry tree are green 
and the cherries between them red. And, as he too notices a difference between the 
leaves and the cherries, although it is a difference of luminosity and not of color, he 
thinks that he sees just as other people do. On account of the sensitiveness to differ- 
ences of luminosity, which color-blind persons usually possess, they can generally tell 
correctly the color of objects even when they have never seen them before. Thus it 
happens that, in the case of many color-blind persons, neither do they themselves 
know anything of their defect nor are their associates aware of it. Thus a physician 
once came to me who was charged with the task of testing the employees of a railroad 
for color blindness. Hewished to inform himself under my tuition in regard to the 
methods of investigating the color sense. When I came to show him the different tests, 
it soon turned out that he himself was red-blind. Up to that time he had known nothing 
of this fact, and indeed was quite offended at the imputation of being color-blind. 
And it even happens that the color-blind carry on occupations which in a peculiar 
degree demand an excellent sense of color; thus there are color-blind painters. 

While with many of the color-blind the defect remains undiscovered during their 
whole life, in others it is disclosed by their committing some gross mistake in the choice 
of colors, as, for instance, in the case of the tailor who wished to mend a black coat 
with a patch of red cloth. How does a color-blind man commit such mistakes? We 
have seen above that a man with red blindness distinguishes red and green of equal 
luminosity by the fact that the former looks darker to him than the latter. If now 
we gradually diminish the luminosity of the green, we must finally reach a point at 
which this color looks no lighter to the man with red blindness than does the red which 
has not been altered in luminosity. At this moment he is deprived of the means of 
discriminating between the two colors, afforded by their difference in luminosity, 
and is now unable in any way to distinguish the two colors apart. Colors chosen upon 
this principle are hence known as confusion colors. On account of the great sensi- 
tiveness of color-blind people to differences in luminosity, the preparation of these 
confusion colors require great care, and is best performed by painters who are them- 
selves color-blind, and who keep toning down two different colors until they seem to 
them to be alike. Confusion colors prepared in this way are very well adapted for 
the detection of color blindness (Stilling, Nagel). 

What has been said in regard to those affeeted with red blindness is also true of 
the other two classes of the color-blind, those affected with green blindness and those 
affected with violet blindness. The circumstance that is common to all people affected 
with partial color blindness is that one of the three fundamental sensations is deficient. 
It is not necessary that one of the three species of fibers should be completely absent, 
as, for the sake of simplicity, has been assumed in the example above adduced. On 
the contrary, it is probable from various reasons that the excitability of one kind of 
fibers has simply become altered so that its curve is to be imagined as something dif- 
ferent from that which the plan outlined above presents; the curve of the fibers for 


the perception of red, for example, approximating to that of the fibers for the percep- 
tion of green. 


573. Other Theories.—Many authors place Hering’s theory of color 
perception at the basis of their classification of color blindness. 


This theory starts from an analysis of the sensations which we have in looking 
at a color. Most colors excite in us a mixed sensation. Thus, in orange we see, besides 
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yellow, a certain. amount of red; another sort of yellow, again, has a tinge of green, ete. 
Still, among all the shades of yellow, there is one in which we can perceive no other 
color besides yellow; this is the pure or pritnary yellow. Of such pure colors which 
excite in us a simple, unmixed sensation there are besides yellow only three—namely, 
pure red, pure green and pure blue. These four primary colors form two pairs—namely, 
red and green and yellow and blue. The two colors of each pair are called contrary 
colors, because they have this peculiarity that they never can be perceived at the same 
time in the same color. We can conceive of a blue which affords simultaneously the 
impression of some green or some red, but we cannot conceive of one. which would 
also excite the sensation of yellow. The contrary colors, therefore, are mutually exclu- 
sive, so far as sensation is concerned. 

Every color may occur in different degrees of concentration and of luminosity. 
This depends upon the fact that every color produces in us besides the sensation of 
color also that of white. Colors along with their color ‘‘value”’ have also a white ‘‘value”’ 
and upon the mutual relations of these two values depend the concentration and bril- 
liancy of the color. The primary colors have along with the white ‘‘value”’ only one 
color value, but the mixed colors have two. ‘Thus, there belong to violet a blue, a red, 
and a white value. Now, the way in which the action of light upon the terminations 

_ of the nerves in our retina takes place is that bodies (“visual substances’’) are present 
in the latter which suffer chemical changes due to the light. Such changes may be 
of two different and indeed opposite kinds, the visual substances being either decom- 
posed (‘‘disassimilated”’) or regenerated (‘‘assimilated”) by the light. The white 
value which all colors possess depends upon the disassimilative action which they exert 
upon the visual substance for the perception of black and white. In the absence of 
light, assimilation of this substance takes place, so that we have the sensation black- 
ness. Besides the black and white visual substance there are two others—namely, 
a red-green and a blue-yellow substance, as we will call them for short. These are not 
altered by every kind of light, but only by that kind which has the corresponding 
color value. Pure red, for instance, would disassimilate only the red-green substance, 
pure green would cause its assimilation, while violet acts both on the red-green and 
on the blue-yellow substance. If pure red and pure green light fall at the same time 
upon the same spot of the retina, it depends upon the proportion between the two whether 

_disassimilation prevails over assimilation or the contrary. The resulting sensation 
consequently is either red or green, but never both together. If the two contrary 
colors are so chosen with respect to their quantity that they are in equilibrium in their 
action upon the visual substance, their color values are abrogated; there only remains 
the action of the two kinds of light upon the black-white substance, so that there is 
a sensation of white of a certain degree of luminosity. For these reasons, therefore, 
the contrary colors mutually exclude each other in sensation, and when mixed in cer- 
tain proportions afford a sensation of absence of color (i. e., they are complementary 
colors). 

According to Hering’s theory of colors, the cause of color blindness must be con- 
ceived to consist in the absence of one or of both of the visual substances for colors. 
In the latter case, in which nothing but the black-white visual substance is left, total 
color blindness exists; all colors now act simply by reason of their black-white values, 
and hence are perceived as white of different degrees of luminosity (i. e., gray). Ab- 
sence of the red-green visual substance causes red-green blindness, absence of the 
blue-yellow substance, blue-yellow blindness. The former comprises the great majority 
of cases—namely, those which according to the theory of Helmholtz are called red- 
blind and green-blind. A man with red-green blindness sees in the spectrum only 
two colors, yellow and blue. These are separated by a gray space (the ‘‘neutral” space) 
which corresponds to the pure green. Pure red and pure green act upon the eye affected 
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with red-green blindness only with their white values and hence both appear gray, on 
which account they are by such an eye confounded with one another. Mixed colors 
undergo an alteration of their tone, inasmuch as of their two color values but one comes 
into play. 

[A number of other theories of color perception have been advanced but none has 
been accepted as explaining all the facts in normal and pathological cases.—D.] 


574. Vision of the Color-Blind—I{ we disregard the theories for 
explaining color blindness and confine ourselves to the simple facts, we must 
admit at the outset that we cannot at all know what sensations the separate 
colors excite in a man with congenital color blindness. The only sure thing 
is that the man with total color blindness sees all colors of the spectrum of 
the same hue and differing only in luminosity, and that the man with par- 
tial color blindness recognizes only two colors in the spectrum, while for the 
man with normal sight at least three fundamental sensations must be 
assumed to exist, in order to be able to obtain all color sensations from them 
by mixture. Hence, we call the former dichromates, the latter trichromates. 

In the most frequent form of color blindness the two colors that are 
perceived in the spectrum correspond in position to yellow and blue, 
between which lies the neutral area, which looks gray; and the two colors 
confounded are red and green, both looking like a certain shade of gray. Of 
such color blindness two types can be distinguished. The first (the red- 
blind of Helmholtz) sees the spectrum shortened at the red end, and shades 
of red hence look comparatively dark. The other type (the green-blind of 
Helmholtz) sees the spectrum unshortened. Hering classes both types as 
red-green blind. Since the first type confounds with gray a red that shades 
into yellow, i. e., it is undersensitive to yellow—he calls it the relatively blue- 
seeing type of red-green blindness. The second type sees a somewhat bluish- 
red as a gray, and hence is called in Hering’s nomenclature the relatively 
yellow-seeing type of red-green blindness. 

Violet blindness (Helmholtz), or blue-yellow blindness (Hering), like total color 
blindness is rare. 

Congenital color blindness occurs, as observations upon a great number of men 
have shown in from 3 to 4 per cent of the male population. In women color blind- 
ness is much more rare, perhaps because their color sense undergoes a sort of education 


through their having such frequent occasion to be busy with colored objects (in dress- 
making, etc.). 


575. Tests for Color Blindness.—Color blindness entails no disadvan- 
tage upon those who are troubled with it beyond rendering them less fit for 
the performance of certain callings. Among these are all those occupations 
which require precise discrimination of colors, e. g., that of the painter, the 
dyer, etc. Recently particular attention has been called to the fact that the 
railroad and nautical services also require an accurate sense of color. The 
signals used on railroads or ships are most frequently red or green, which 
are just the colors that are confounded by most color-blind persons; in this 
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way accidents might be [and are] caused. For this reason the employees 
upon railroads and sea-going vessels are at present in most countries tested 
with reference to their color sense, and their entry into the service is made 
conditional upon the proof that their color sense is perfect. 


The demonstration of the existence of color blindness requires accurate and carcful 
testing. Many of the color-blind who are aware of their defect try to conceal it from the 
examiner, especially if some material advantage, such as, for instance, a business posi- 
tion, depends upon the result of the testing. Accordingly, in the case of such persons we 
must be on the lookout for all sorts of artifices, and particularly on the lookout for pre- 
vious practice in the ordinary methods of testing the color sense. On the other hand, 
people with a good color sense might be considered to be color-blind if from want of 
imagination or practice they call the colors that are set before them by incorrect names. 
We should not, therefore, undertake to test the color sense by setting colored objects 
before the person and asking him the name of the color. If we do so, the man who is color- 
blind will in many eases by using a little attention give the right answer, while on the 
other hand, an uneducated man will not infrequently call the colors wrong. The test 
is better performed by placing before the person under examination those colors which 
according to experience color-blind persons readily confound with each other, and 
then seeing whether mistakes are actually committed. For this purpose a large assort- 
ment of colored worsteds is used (Seebeck, Holmgren). One of the worsteds is set 
before the person to be tested, and he is asked to place with it all the worsteds that 
look like it. If, then, samples of different and indeed quite dissimilar colors are placed 
together—for instance, gray and red with green—these give the special confusion colors 
of the person under examination, and make it possible to determine the kind of color 
blindness that he has. [The worsted test is unsatisfactory because not a few color- 
blind persons are able to pass it successfully. Much better are the tests of Stilling 
and Nagel. Siilling’s pseudo-isochromatic diagrams are composed of patterns (usually 
numbers) set on a differently colored background, the tints used being] selected by the 
aid of a color-blind painter so as to correspond to the confusion colors of a man who is 
color-blind. The latter since he cannot recognize the differences in color [cannot dis- 
tinguish the number from its background]. 

[In Nagel’s test, which may also be used as a quantitative test (see below), there 
is a set of cards, each bearing a series of little color disks arranged in a ring. In some 
rings the disks are all of one color, but of slightly different shades; in others the disks 
are of two or three different colors (confusion colors). By making the patient state 
which rings are monochromatic and then making him pick out in the dichromatic or 
trichromatic rings all the disks that are of one special color, we can readily ascertain 
whether he is color-blind and what sort of color blindness he has. This and Stilling’s 
test, supplemented by the lantern test (see below) afford the simplest and most satis- 
factory means of determining the presence of color blindness.—D. | 

For the accurate determination of confusion colors Nagel’s anomaloscope is used. 
{In this the patient, looking through a tube, sees two semicircles, one containing a 
sodium yellow, the other either a lithum red, a thallium green, or a mixture of red and 
green. The intensities of the colors can be varied at will by a measured amount. The 
intensities of colors used to make a match between the two semicircles indicates the 
state of the patient’s color sense.—D.] 

For the scientific examination of the color-blind, the spectroscope is indispensable. 
By its aid we determine whether the color-blind man sees the spectrum shortened at 
one of its two ends, and what colors he can distinguish in it. Furthermore, by means 
of the apparatus we show him isolated portions of the spectrum and make him tell 
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both by naming the colors and by comparing them with specimens of other colors, 
how the different parts of the spectrum look to him. 

For a quantitative determination of the color sense, the method of Donders, Weber, 
Wolffberg, and others is adapted. Here small disks of colored paper upon a background 
of black satin serve as test objects. When the color sense is normal, disks of a definite 
size must be recognized at a definite distance, which to be sure, is different for the 
different colors. The weaker the color sense of the person under examination, the nearer 
must he get to be able to tell the color correctly, even supposing that he recognizes it 
at all. The distance at which the color begins to be recognized gives the intensity of 
the color sense for the color in question. Instead of colored paper we may use colored 
glasses which are lighted from behind. These last tests (lantern tests) approximate 
nearest to the conditions which are present in the railroad service. [Excellent lantern 
tests, particularly adapted for testing railroad employees are those of Edridge Green, 
Thomson, and Williams.—D.] 

It is impossible to cure congenital color blindness. 


576. Acquired Color Blindness.—This is a frequent symptom of affec- 
tions of the light-perceiving apparatus—that is, of the retina, of the optic 
nerve, and even of the central terminations of the optic tracts. Affections 

of the optic nerve, particularly its atrophy, are, however, by far the most 
frequent cause of disturbances of the color sense. 


Such disturbances are never absent when once the visual acuity has become con- 
siderably reduced as a consequence of the affection of the optic nerve. In these cases 
the color blindness does not set in suddenly, nor for all the colors at once; but first 
and very gradually the perception of green and red is extinguished, then that of yellow, 
and last of all that of blue. Acquired color blindness may therefore be utilized for 
purposes of diagnosis. If the sight is impaired simply by dioptric obstacles (e. g., by 
opacities in the cornea and in the lens), the perception of color [although less keen} 
remains [fairly] intact, even when the general features of objects can no longer be 
recognized; but as soon as the color sense proves to be defective, an affection of the 
light-perceiving apparatus must be assumed to exist. (For the color sense in the 
periphery of the visual field, ef. page 124 and Fig. 37.) : 

[All the tests used for congenital color blindness can be used for the acquired form. 
‘They are particularly important in the tobacco and alcohol amblyopias so often occur- 
ring in railroad and marine employees, in whom, therefore, frequent re-examination 
of the color sense, especially by the Nagel, Stilling, and lantern tests, should be 
made.—D.] 


B. The Seat of the Disturbance of Sight is Central 


577. (1) Amblyopia and Amaurosis in Brain Diseases.— Disturbance of 
vision may be set up by disease of the brain without their being any oph- 
thalmoscopically perceptible changes in the eye, such as neuritis or atrophy 
of the optic nerve. Disturbances of vision of this sort may be only tran- 
sient, even when they amount to absolute blindness. Uremic amaurosis 
(see page 579), which is produced by retention of the urinary constituents. 
affords a good example of this. But in those cases in which gross lesions of 
the brain, such as inflammatory processes or new growths, give rise to the 
disturbance of vision, the latter is permanent, and ophthalmoscopic changes, 
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usually under the form of a descending atrophy of the optic nerve, are often 
associated with it later. Disturbance of vision dependent upon a central 
cause makes its appearance not infrequently under the guise of hemiopia 
(homonymous or temporal). 

578. (2) Scintillating scotoma (scotoma scintillans, amaurosis partialis 
fugax, or teichopsia”).—The patient who suffers from this notices besides a 
feeling of vertigo a sparkling light that appears before his eyes, and rapidly 
increases until finally he can scarcely see at all. Persons who are more 
accurate observers of their sensations usually aver that the sparkling origi- 
nates from a small spot situated not far from the point of fixation, and that. 
within the area represented by this spot external objects are invisible (hence 
the name scintillating scotoma). The scintillation and with it the gap in 
the visual field spread rapidly, the boundaries of the scintillating area being 
often formed by lines zigzagging in and out, so as to form projecting and 
re-entrant angles. After a quarter or half an hour, the attack abates, the 
visual field beginning to clear up at the point first affected. Scintillating 
scotoma is usually accompanied by headache and sometimes also by nausea, 
and frequently a regular attack of migraine is joined with it. 


The central origin of scintillating scotoma is apparent not only from the accom- 
panying and following headache, but also from the fact that it [almost] always affects 
both eyes in the same way, and frequently occurs under the form of hemiopia—i. e., 
it occupies but one half (and that too, the homonyous half) of the field of vision in 
each eye. The symptoms, on account of their short duration can be caused only by 
disturbances of circulation, whose transient character indicates that it is not anatom- 
ical changes but disorders of innervation in the vessels that lie at the root of them. 
With extension of the angioneurotic disturbance to the other areas, other disorders 
of central origin, such as formication in the lips and arm, weakness or paralysis of one 
of the extremities, aphasia, etc., set in. These come and go with the scintillating sco- 
toma. But scintillating scotoma is most intimately associated with the most frequent 
angioneurosis of the brain, i. e., migraine, so that it has also been called by the name of 
migraine oculaire. The circulatory disturbance sets up an irritation of the optical 
elements—an irritation which according to the laws of projection is referred to the 
external world, and appears under the form of a colored scintillation, while at the same 
time the perception of peripheral impressions is abolished. So also at the beginning of 
a fainting attack, which in fact is likewise due to circulatory disturbances in the brain, 
symptoms make their appearance which are perhaps identical with scintillating scotoma; 
the patients averring that everything looks green and blue, or scintillates, or grows dark 
before the eyes. 

Scintillating scotoma is an uncommonly widespread affection. If it occurs in- 
frequently—at intervals of several years—no significance is attached to it by the 
patient, as it disappears again rapidly, and without leaving any bad results. It is 
only when the symptom is repeated frequently—and it may even recur several times. 
a day—that those who are troubled with it come to the physician. Such patients 
allege as the cause of their scintillating scotoma excessive physical or mental exertion, 
straining of the eyes, dazzling light, or a great sense of hunger; often, however, no 
definite cause can be made out. The treatment must.be confined to opposing the canse 


l0From recxos, wall, and 6ys, vision, on account of the zigzag lines, resembling fortification 
walls, often seen on the edge of the scintillating spots. 
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of the scotoma. Such treatment consists in increasing the general strength and the 
avoidance of excessive exertion. If the attacks are frequently repeated we order qui- 
nine in small doses to be taken for some time. Ordinary cases of scintillating scotoma 
are associated with no evil consequences ot any kind, and it is the exception for scin- 
tillating scotoma to be the precursor of a serious affection of the brain (brain tumor, 
progressive paresis, apoplexy, etc.). 

579. (3) Disturbances of Vision in Hysteria and Neurasthenia.— 
These find their expressions under the forms of amblyopia and asthenopia. 

Hysterical amblyopia consists in a diminution of the visual acuity, a 
contraction of the field of vision, and a diminution in the color sense and 
light sense. The contraction of the visual field is concentric; and in many 
cases the field gets smaller and smaller the longer the patient is tested with 
the perimeter (reaction of exhaustion, Férster). This depends upon the 
rapid exhaustion of the nervous system that is peculiar to patients of this 


sort. 


~ Fra, 280.—Sprrau Fariagun Frairp or Von Reuss. (After Weeks.) 


[The exhaustion field is characteristic rather of neurasthenia than of hysteria. If 
we test each meridian of the field in succession and repeat the examination on reaching 
the meridian first tested, the progressive shrinking of the limits in each successive meri- 
dian may make the field assume a spiral form (Fig. 280). Other peculiar modifica- 
tions of the field found in hysteria, beside the contracted field mentioned above (see 
Fig. 281) and the reversed color field deseribed below (see also Fig. 281), are: (a) The 
tubular field. The field is greatly contracted and remains of the same absolute size, 
no matter how far the patient is removed from the point of fixation. (b) The oscillating 
field, in which there are a series of scotomata in each meridian (see Fig. 282), This seems 
very rare—D,] Typical hemiopia does not occur as a purely hysterical affection. 
Hysterical amblyopia is found to the most marked degree in those cases of hysteria 
a are capeates with disturbances of sensibility (hemianesthesia, etc.). It is gener- 
ally present in both eyes, although for the most part to a gre: gTE the side 
Re sa ae . peek nost part to a greater degree on the side upon 

The diagnosis of hysterical amblyopia is based principally upon two points. The 
first of these is the absence of any demonstrable changes in the eye which might explain 
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the enfeeblement of sight. The second is the failure of the separate symptoms con- 
stituting the disturbance of vision to show that agreement with each other that they 
ordinarily present. Thus, the acuity of vision and the extent of the visual field change 
frequently (usually doing so as the other hysterical symptoms grow better or worse) ; 
the relations of the color limits within the visual field are not in accordance with the 
rule (the limits for red, instead of being narrower than those for blue—see page 
125—, are usually wider [or cross them in places—reversal and_ interlacing 
of color fields]); these relations are not properly proportioned to the total 
extent of the visual field; persons whose visual field is unusually contracted still move 
with perfect security and without stumbling in a space which is not well known to them; 
in fact, even in those who are absolutely blind we sometimes find the same thing occur 
if they think that they are not observed. Furthermore, the pupillary reflex to light 
is retained even when the blindness is complete. It can be seen from these statements 
that it is often difficult to draw the line between simulation and a hysterical blindness— 


4169 
Right 
Fia. 281. Fia@. 282, 
[Tue VisuaL Fretp 1x Hysteria. (After De Schweinitz in Posey and Spiller.) 


Fre. 281.—Contracted field (in this case a tubular field) with partial reversal of color fields. 6, field 
of blue. r, field for red 


Fic. 282.—Contracted and oscillating field (Wilbrand). The dark lines denote scotomata.—D.] 
i. e., one having an actual existence in the imagination. In the latter case there may 
be other evidences of hysteria associated with the symptoms of the hysterical amblyopia 
which will render the diagnosis more certain. 

[Von Reuss has called attention to the fact that in hysteria the involvement of the 
field is apt to remain constant, while in neurasthenia it 1s variable (Pet« rs). D.] 
Hysterical amblyopia chiefly attacks young people, particularly of the female 
It is sometimes produced by injuries, even when they do not affect the eye itself 


Hysterical amblyopia affords a good prognosis, as ordinarily 


(traumatic neurosis). 
a complete cure takes place. 
for years. Treatment consists in the management of the causal lesion, re-enforced 
locally by hypodermic injections of strychnine and the application of the constant 
current. The brilliant results sometimes obtained by the two last-named remedies 
are, however, mainly ascribable to their psychic influence upon the patient when the 
latter has confidence in the treatment and anticipates a cure from it. 


The disease, however, usually lasts for a long time, often 
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[A temporary amblyopia or perversion of vision, apparently nervous and the 
result of shock, since it is unaccgmpanied by ophthalmoscopic changes and disappears 
in two or three weeks, is produced by shell explosions. (Jessop, Lister.) —D.] 


Nervous asthenopia,'' a condition which occurs both in hysterical sub- 
jects and in neurasthenics, consists in an incapacity of the eye for any 
continuous exertion, in spite of there being good visual power. 


Some complain that after reading or working for even a short time everything 
becomes covered with a cloud so that the work has to be laid aside. Others, again, 
allege that after pursuing their occupation for a little while, indeed even after reading a 
few lines, they have violent pains in the lids, eyeballs, or head, which render the con- 
tinuance of the work impossible. When no strain is put on the eyes, there is generally 
no trouble; in other cases, however, the pains never entirely disappear, or a great sen- 
sitiveness to light is constantly present. 

In making the diagnosis, proof must first of all be forthcoming that there is no 
error of the refraction or of the muscular equilibrium to cause the trouble. [These cases 
are frequently associated with convergence-insufficiency and with insufficiency of accom- 
modation, both of which may require treatment (see §§ 684 and 796). Other cases are 
due to reflex disturbances and remote infections (especially infection or irritation in 
the nose and its accessory cavities, in the teeth, and in the tonsils—D.] Nervous 
asthenopia, like hysterical amblyopia, with which it frequently is associated, is often 
extremely obstinate, and sometimes for years prevents the patient affected by it from 


engaging in any serious occupation. In it, too, the psychical factor plays a great part. 


in the treatment. I have found electricity the most efficient means. 


1 (See also page 354.] 
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CHAPTER XII 
DISEASES OF THE LIDS 


ANATOMY AND PHYSIOLOGY 


580. External Anatomy.—The lids (palpebrx') are, in origin, folds 
of the external skin, which push their way over the eyeball to cover and pro- 
tect it. The boundaries of the upper lid are formed by the eyebrow (super- 
cilium), but the lower lid passes without any sharp line of demarcation into 
the cheek. The lids bound the palpebral fissure, at the two extremities of 
which (the angles of the eye) they unite. The external angle of the eye 
(canthus externus) runs out to a sharp point; when the lids are drawn apart 
there is put upon the stretch a delicate reduplication of skin (the external 
commissure), connecting the upper and lower lids in this situation. The 
inner angle of the eye, on the contrary, presents a horse-shoe shaped notch, 
at the bottom of which lies the caruncle (Fig. 60, C). The mean width of 
aperture of the palpebral fissure varies with the individual. On an average, 
the fissure opens so far that, with the ordinary way of looking, the upper 
lid covers the uppermost part of the cornea, while the lower lid leaves the 
lower margin of the cornea free. The shape and width of the palpebral 
fissure are of the greatest influence upon the expression of the eye. Eyes 
which have the reputation of being large and beautiful are generally not 
really large eyeballs, but eyes with a wide-open palpebral fissure. So, too, 
the expression of the laity that ‘‘the eye is smaller” usually has reference 
not to an actual diminution in the size of the eyeball, but to a lesser degree 
of patency of the palpebral fissure. 

The skin covering the lids is about the thinnest in the human body. 
As, moreover, it is but very loosely attached to its bed through the medium 
of a lax and non-fatty connective tissue, it can very readily be made to shift 
its position. For the same reason it can readily wrinkle up and stretch out 
again, as the lids open and shut. In old people it is thrown into numerous 
wrinkles. Because of the ease with which it is displaced, it is readily 
distorted by scars in its vicinity, so that ectropion cicatriciale is produced. 
So, too, on account of the laxity of its attachment, it is very apt to be 
affected by extensive ecchymoses and cedema. It is only in the neighbor- 
hood of the free border of the lid that the skin is closely united to the sub- 
jacent tarsus by rigid connective tissue. This free border of the lid forms 
a narrow surface which looks downward in the upper lid, upward in the 
lower lid (r, r, Fig. 48 A). When the lids are closed, these two surfaces are 
adjusted to each other with perfect accuracy,so that, with the aid of the lubri- 


1 From palpare, to stroke. 
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cation afforded by the secretion of the Meibomian glands, they are able to 
keep the lachrymal fluid in. When we open the lids forcibly in people 
affected with lachrymation and blepharospasm, we not infrequently see 
spurt from the eye a stream of tears which have been kept in by the closed 
lids—a, proof that the closure of the lids is water-tight. 

The lines along which the free border of the lids is reflected on to the 
anterior and posterior surface, respectively, of the lid are called the anterior 
and posterior margins of the lids (Fig. 283, v and h); the narrow surface 
lying between them is the intermarginal strip. The anterior margin of the 
lid is rounded off, and has jutting from it the eyelashes (cilia), which are 
arranged in several rows one behind the other. The cilia upon the upper 
lid are larger and more numerous than upon the lower. The posterior mar- 
gin of the lid, where the free border of the lid passes into the conjunctival 
surface of the latter, is sharp. Directly in front of it lies a single row of 
small puncta, the orifices of the Meibomian glands (Figs. 283 and 284, m). 
Between these and the cilia runs a fine gray line (7, Fig. 284) which divides 
the intermarginal strip into two parts, anterior and posterior. The free 
border of the lid has the above character as far inward as the spot where the 
punctum lacrimale is situated, a spot which corresponds to the inner extrem- 
ity of the tarsus (p, Fig. 284 and Fig. 285). 

On everting the lids we get a view of their posterior surface, which is 
covered with the conjunctiva. This is intimately adherent to the tarsus, 
and, particularly in the upper lid, allows the Meibomian glands situated in 
the tarsus to show through clearly. 


That part of the cornea and of the scleral conjunctiva which ordinarily is not 
covered by the lids is called the interpalpebral zone. Since in this situation the eyeball 
is deprived of the protection of the lids, it is particularly exposed to many sorts of 
disorders, and it is therefore important to know its situation. This situation changes 
according to circumstances, and in the following way: 1. In the ordinary way of look- 
ing the interpalpebral zone comprises the entire cornea, with the exception of its extreme 
upper part, and comprises also a corresponding large triangular area of the conjunctiva 
on both sides of the cornea. 2. When the eyes are a little screwed together—e. g., 
when we are walking in the face of the wind or rain or in the midst of smoke—the 
interpalpebral zone diminishes in size, and at the same time is depressed so as to occupy 


EXPLANATION OF FIG, 283.—PERPENDICULAR SECTION THROUGH THE UPPER Lip. 
Magnified 6 X 1. 
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the lower half of the cornea. The lower lid is raised a little and covers the extreme 
lower part of the cornea, and the upper lid drops a good deal so that its border lies 
only a little above the center of the cornea. Then the interpalpebral zone forms upon 
the cornea a zone from 4 to 6 mm. in breadth which occupies the lower half of the 
cornea, with the exception of its extreme lower part, and with which there is con- 
nected on either side a very small triangle of scleral conjunctiva. The interpalpebral 
zone as thus defined is the part which more than any other is constantly exposed to 
external injuries. Hence, in many men we find this portion of the scleral conjunctiva 
somewhat injected all the time, and later on in life we find it occupied by the pinguec- 
ula. In this spot are developed pterygium, zonular opacity of the cornea, and xerosis ~ 
of the conjunctiva and cornea. In inflammations of the conjunctiva this division of 
the latter is frequently distinguished by being somewhat more swollen than the rest, 
or it may even protrude into the palpebral fissure under the form of a transversely 
placed, very cedematous swelling. 3. When the eye is turned upward in sleep the inter- 
palpebral zone, in case the lids are not completely closed, is displaced, so as to occupy 
mainly the scleral conjunctiva beneath the cornea, and at most the extreme lower 
portion of the latter. Affections within the confines of the interpalpebral zone as thus 
defined are found when the palpebral fissure is kept open during sleep, and hence mainly 
in lagophthalmus, in which the conjunctiva beneath the cornea is found injected or 
cedematous, and in which, when the affection is of greater extent, the lowermost 
division of the cornea also suffers damage. The same turning upward of the eyeball 
that occurs in sleep takes place also when one winks because of the approach of any- 
thing endangering the eye, for which reason injuries by burns and caustic substances 
affect principally the extreme lower portion of the cornea. 


581 (8) Lid Muscles.—In the lids are found twovoluntary muscles, the 
orbicularis (sive sphincter) palpebrarum and the levator palpebre supe- 
rioris. The orbicularis lies directly beneath the skin of the lid to which it 
belongs; it is nothing but a flat expanded cutaneous muscle which surrounds 
the palpebral fissure in the form of a circle. We can distinguish in it two 
portions, a central and a peripheral. The central portion lies in the lids 
themselves, and is hence called the palpebral portion (portio palpebralis). 
Its fibers originate from the internal palpebral ligament, the ligamentum 
canthi mediale (sive canthi internum). This is a firm, fibrous ligament (Fig. 
284,!) which is attached to the frontal process of the superior maxilla (F), 
and lies directly beneath the skin of the internal angle of the eye (Fig. 285). 
Hence, it is visible even in the living, especially in lean persons with thin 
skins, if the eyelids are drawn outward, a manceuvre that causes the internal 
palpebral ligament to project and bulge the skin forward. From the inter- 
nal palpebral ligament the fibers of the palpebral portion of the orbicularis 
run in arches over the anterior surface of the two lids, covering them from 
the free border of the lids to the margin of the orbit, and finally meeting at 
the outer side of the palpebral fissure. Here they unite by means of a tendi- 
nous inscription (the rhaphe palpebralis lateralis). Beneath this lies the 
external palpebral [or canthal] ligament (ligamentum palpebrale laterale) 
(ligamentum canthi externum) which connects the temporal extremities of 
both tarsal cartilages with the temporal border of the orbit (Fig. 284, le : 
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Fig. 285). The external portion of the orbicularis is the orbital portion 
(portio orbitalis). It lies outside of the palpebral portion, upon the margin 
of the orbit and the parts surrounding it. 

The levator palpebre superioris arises at the bottom of the orbit from 
the circumference of the optic canal, and from this point runs forward, lying 
as it does so upon the superior rectus [with which it is intimately connected 
by bands of fascia.—D.]. Spreading out in the form of a fan, its tendon ~ 
runs down upon the anterior surface of the tarsus of the upper lid (J, Fig. 
283). Besides this striated levator muscle of the lid, there is also an organic 
muscle discovered by Heinrich Miller, and called the musculus tarsalis supe- 
rior. The smooth fibers of this arise from between the striated fibers of the 
levator, along the under surface of which they too run to the upper margin 
of the tarsus (t, Fig. 283). An analogous bundle of smooth muscular fibers 
is also present in the lower lid, where it lies to the lower side of the inferior 
rectus, and is attached to the tarsus of the lower lid (musculus tarsalis infe- 
rior of Miiller). 

The orbicularis is innervated by the facial nerve, the levator by the 
oculo-motor, and the two tarsal muscles of Miller by the sympathetic. 

The ligamentum palpebrale mediale arises from the frontal process of the supe- 
rior maxilla (F, Fig. 284) and first passes straight outward, skirting the anterior wall 
of the lachrymal sac (S). Then it turns round the anterior and external walls of 
the lachrymal sac, and runs backward to the crista lacrimalis posterior of the lach- 
rymal bone (7). We accordingly distinguish in the internal palpebral ligament two 
branches, which meet at the point where it begins to turn. The anterior branch (v) 
is situated directly beneath the skin, and hence is visible in the living subjeet; at its 
point of reflection it gives off a process to the upper and lower tarsus respectively (Fig. 
285). The posterior branch (h), which starts from the point of reflection and extends 
to the crista lacrimalis, can be brought to view only by dissection. The two branches 
together with the lachrymal bone (7’) bound a space, triangular on cross section, in 
which lies the lachrymal sac, the walls of the latter being united by loose connective 
tissue with the inner surface of the ligament. Into the external surface of the ligament 
are inserted the fibers of the palpebral portion of the orbicularis. One portion of the 
fibers of the latter springs from the anterior, another portion from the posterior branch 
of the ligament. The latter fibers, whose insertion is in part continued out beyond 
the posterior extremity of the ligament upon the inner wall of the orbit, are called the 
pars lacrimalis muscwli orbicularis,? or, from their discoverer, Horner’s muscle (H). 
The insertion of the fibers of the orbicularis into the internal palpebral ligament is of 
significance for the conduction of tears. When these fibers contract, they draw up the 
ligament, and hence also indirectly the wall of the tear sae so far as it adjoins the 
ligament. The sac is thus dilated, and enabled to suck up the tears (see § 625). 

The fibers of the orbicularis fuse with the anterior surface of the tarsus. In the 
neighborhood of the free borders of the lid there are some bundles which lie near the 
inner margin of the lid, partly in front of, partly behind the excretory ducts of the 
Meibomian glands (musculus ciliaris Riolani sive subtarsalis; r, Fig. 283). 

582. Tarsus; Glands of Lids.—The tarsus (k, Fig. 283) forms, so to 
speak, the Bieleton of the lid, giving it rigidity of form and affording it firm 


2IT he tensor tarsi of some anatomists.—D.,] 
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support. The tarsus of the upper lid is broader (higher) than that of the 
lower (Fig. 285). In the tarsus are distinguished a free and an attached 
(convex) border, and also an anterior and a posterior surface. The fibers 
of the orbicularis (0, Fig. 283) lie upon the anterior surface, while the poste- 
rior surface is covered by the conjunctiva. The two extremities of the tar- 
sus are continuous with the external and internal palpebral ligaments. To 
the convex border of the tarsus is attached a fascia which runs from it 
to the margin of the orbit, and upon either side is connected with the 
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Fic. 285.—Seprum ORBITALE aND LAcHRYMAL Sac. Natural size. 


The skin and the muscular fibers of the orbicularis have been removed from the lids and the 
parts surrounding them, so that the septum orbitale lies exposed to view within the bony circum- 
ference of the orbital cavity. The septum orbitale consists of the tarsus, which is broader in the upper 
lid, narrower in the lower, and of the fascia tarso-orbitalis. The external extremities of the tarsi are 
attached by the broad, but not very dense rhaphe palpebralis lateralis to the malar bone, somewhat 
below the suture, NV, between this bone and the zygomatic process of the frontal bone. The internal 
palpebral ligament is narrower, but stout; its anterior limb, which is the only one visible in the draw- 
ing, runs from the frontal process of the superior maxilla, S, outward and divides so as to be inserted 
into the inner extremities of both the upper and lower tarsal cartilages. (At the point of insertion is 
seen the somewhat projecting papilla lacrimalis.) The fascia tarso-orbitalis, represented in the draw- 
ing by the radial lines of shading, runs from the convex border of both tarsal cartilages, and from the 
palpebral ligaments to the margin of the orbit, and together with these parts closes in the orbit in 
front. The tarsal cartilages and the fascia are here supposed to be transparent. Hence, in the former 
there can be seen the Meibomian glands, which, in consonance with the varying breadth of the tarsus, 
diminish in height from the center of the latter to its two ends. Moreover, in the upper lid three aci- 
nous glands (cf. Fig. 283, w) are visible along the upper border of the tarsus. Still higher up a curved 
line shows the situation of the fornix conjunctive. Upon the fornix, especially in its nasal half, lie the 
acinous glands of Krause (Fig. 283, kr), while in the temporal half of the fornix are found lobules similar 
in character, but more densely packed, representing the inferior lachrymal gland. This adjoins the 
excretory ducts of the superior lachrymal gland, whose anterior border comes into sight just below 
the upper margin of the orbit. At the inner and lower margin of the orbit the bone has been chiseled 
away to show the lachrymal passages. The lachrymal sac lies behind the internal palpebral ligament, 
its apex rising a little above the latter. The line that in the drawing runs straight upward from the 
apex of the lachrymal sac to the horizontal suture is the suture between the frontal process of the 
superior maxilla and the lachrymal bone, upon which two bones the lachrymal sac rests (cf. Fig. 284, 
F and T). The lachrymal sac, after undergoing a slight constriction, passes into the nasal duct. To 
the outside of this is the antrum of Highmore, h, which has been opened up and is accessible to view. 
Z, suture between the superior maxilla and the malar bone. F, supraorbital foramen. 


palpebral ligaments (fascia tarso-orbitalis). Hence, when the lids are shut 
the orbit is closed in all over anteriorly by fibrous structures which together 
form the orbital septum—namely, the two tarsi in conjunction with the fas- 
cia tarso-orbitalis and the two palpebral ligaments (Fig. 285). 

The tarsus is called the cartilage of the lids. It is not, however, car- 
tilage, but a very dense fibrillary connective tissue, in which are imbedded 
the Meibomian glands. These are elongated acinous glands which, lying 
parallel with each other, traverse the tarsus from its attached to its free 
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border. They are longest in the middle of the tarsus, where the latter 
attains its greatest height, and grow progressively shorter toward the edges 
of the tarsus (Fig. 285). In their essential character the Meibomian glands 
are nothing but large sebaceous glands. Like the latter they secrete sebum, 
which lubricates the edges of the lids. By this the overflow of tears over 
the free border of the lids is hindered; the closure of the palpebral fissure 
is rendered water-tight; and, lastly, the skin of the border of the lid is pro- 
tected from maceration by the tears. Acinous mucous glands are frequently 
found near the convex border of the tarsus (Fig. 283, w, and Fig. 285). 

At the free border of the lids there are found, in the vicinity of the cilia, 
hair follicles and the sebaceous glands (here called Zeiss’s glands) connected 
with them. Moreover, close to the free border of the lids, sweat glands 
occur, the structure of which varies somewhat from that of the ordinary 
sweat glands, for which reascn they are known as modified sweat glands 
or Moll’s glands. They empty into the hair follicles of the cilia. 

In accordance with its anatomical structure, the lid can be readily 
divided into two parts. The anterior or cutaneous portion contains the skin, 
together with the cilia and also the fibers of the orbicularis. The posterior 
or conjunctival portion consists of the tarsus with the Meibomian glands 
and of the conjunctiva. The two portions are joined simply by loose con- 
nective tissue, and so can be very readily split apart. For this purpose we 
need only make a stab in the gray line that runs between cilia on the one 
hand and orifices of the Meibomian glands on the other (Fig. 284,7). The 
splitting of the lid into its two layers forms an important part of many 
trichiasis operations. 

583. Vessels of the Lids.—The blood-vessels of the upper lid arise from 
two arterial arches, the arcus tarseus superior and inferior (as and ai, 
Fig. 42), which run along the upper and lower margins of the tarsus. 
From them fine twigs are given off to all parts of the lid. The most 
vascular portions are the free border of the lid and the conjunctiva. 

The veins of the lids are still more numerous and of wider caliber than the arteries. 
They form, beneath the upper and lower retrotarsal folds, a dense plexus, which even 
in the living subject can be seen in this situation shining through the conjunctiva of 
the fornix when the lid is everted. The veins of the lids in part empty into the veins 
of the forehead,in part into the branches supplying the ophthalmic vein. The latter 
set, in order to reach to the veins of the orbit, must pass between the fibers of the orbic- 
ularis. ence, permanent contraction of the orbicularis, such as occurs in blepharo- 
spasm, may lead to engorgement of the veins, and consequently to oedema of the lids, 
a result which, in fact, we very frequently observe, especially in children with con- 
jJunctivitis eczematosa and coincident blepharospasm, 

The lymphatic vessels of the lids are abundant, especially in the conjunctiva. Fur- 
thermore, lymph spaces of larger size (periacinous spaces) are found about the acini 
of the Meibomian glands. The lymph vessels of the lids run to the lymph gland in 
front of the ear, which, consequently, is often found to be swollen in the severer forms 


of inflammation of the lids and sometimes also in affections of the conjunctiva (e. Bey 
econiunetivitis gonorrhoica). 
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584 Movements of the Lids.—These are performed in the following 
way: In opening the eye the upper lid is raised by the levator palpebrae supe- 
rioris, while the lower lid sinks by its own weight, although it does so but 
very little [see also page 656]. Owing to the fact that fibers from the tendon 
of the levator run to it, the skin of the lids above the convex border of the 
tarsus is drawn quite far in between the eyeball and the upper margin of the 
orbit, at the same time that the upper lid is raised. In this way there is 
formed a furrow, over which the lax skin cf the lid hangs down under the 
form of a fold (covering fold, d, Figs. 41 and 283). In many cases this is so 
large as to reach the free border of the lid, and cause disfigurement (ptosis 
adiposa; page 665). 

With regard to the shutting of the eyes, we must distinguish between 
winking and tight closure of the lids. Winking consists in a quick contrac- 
tion of the palpebral fissure, in which the lids do not come into perfect con- 
tact. It can be performed voluntarily, but usually results through reflex 
action, which is excited by the sense of dryness in the eye or by the presence 
of foreign bodies—dust, smoke, etc. It is effected by means of the trige- 
mimus, which is the sensory nerve of the eye and its vicinity, and is hence 
rightly called the sentinel of the eye. The purpose of winking is to cover 
the surface of the eyeball with a uniform layer of the lachrymal fluid and 
thus both prevent the drying of the eye and also wash the dust off of it. 

In firm closure of the lids, which usually is done voluntarily, the edges 
of the lid are brought into complete contact. This may be done gently as 
in sleep or forcibly as in the act of squeezing the lids together. In the latter 
case the skin about the lids is drawn toward the palpebral fissure and at the 
same time is thrown into numerous wrinkles. When the lids become closed 
in sleep the eyeball also performs a movement, rolling upward (Bell’s phe- 
nomenon). Any one, when he is fighting against sleep and his lids are shut- 
ting together, can feel that the eyes are being drawn up as by an invisible 
force. In persons with thin lids (women and children) we can recognize the 
convex cornea through the upper lid, and determine that it is directed 
upward beneath the closed lids. It is still easier to do this in cases of sta- 
phyloma of the cornea. This behavior on the part of the eyeball is impor- 
tant, inasmuch as the protection of the cornea by the upper lid is thus por- 
vided for, even when the palpebral fissure is not completely closed in sleep. 
It is not till lagophthalmus reaches quite a high degree that a portion of the 
cornea remains constantly visible in the palpebral fissure; and this portion 
is, in fact, always the lowest part of the cornea, which consequently is most 
exposed to the danger of undergoing desiccation (keratitis e lagophthalmo; 
see page 277). 

Winking is effected by the peripheral portion of the orbicularis, while 
in firm closure of the lids, the orbital portion of this muscle also comes into 


play. 
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[The upper lid is raised not only by the levator, but also by the musculus tarsalis 
superior (see page 652) and by the superior rectus. For the tendon of the latter is 
so solidly united with that of the levator by fascial bands that it may be said to have 
a common insertion with the levator in the tarsus of the upper lid. Hence, when the 
superior rectus contracts and raises the eye, it assists in lifting the upper lid and the 
retrotarsal fold at the same time. The same thing happens if the superior rectus re- 
tracts from any cause, e. g., as the result of a complete tenotomy producing a trau- 
matic paralysis. The upper lid is then pulled up, and the eye consequently is wider 
open than its fellow. On the contrary, in an advancement, in which the tendon of 
the superior rectus and with it the fascial bands are brought forward, the upper lid is 
carried forward too, and the eye is 1 or 2 mm. less open than its fellow. The same thing 
happens in a complete paralysis of the superior rectus, not due to division of its tendon; 
the relaxed muscle allows the lid to droop somewhat, especially when the eyes are carried 
up.—D.| 

[The lower lid is carried down not only by its weight, but also by the action of the 
musculus tarsalis inferior (supplied by the sympathetic) and by a slip which runs from 
the tendon of the inferior rectus directly to the tarsus. Hence, when the inferior rectus 
pulls the eye down it depresses the lower lid at the same time, and hence also, as in the 
case of the superior rectus, a complete tenotomy of the inferior rectus makes the palpe- 
bral fissure wider and an advancement of this muscle makes it narrower.—D.] 

[By expansions from their tendons the external and internal recti also act upon the 
lids; so that when the eye is abducted the outer canthus is pulled outward, and when 
the eye is adducted the inner canthus is pulled back and in (Dwight).—D.] 


I. INFLAMMATION OF THE SKIN OF THE Lips 


585. In the skin of the lids we find almost all those diseases which 
appertain to the skin in general. With regard to them, therefore, reference 
must be made to the text-books on skin diseases. In this place only such 
affections of the skin of the lids will be considered as are of comparatively 
frequent occurrence in the lids, or which, in consequence of the peculiar 
anatomical structure of the latter, present some special features in their 
course and their result. 


1. Hxanthemata 


586. Erysipelas.—Among the acute exanthemata erysipelas requires 
special mention. If this attacks the skin of the face, the lids participate 
very markedly in the inflammation, so that they are very greatly swollen, 
and the patient for several days together cannot open his eyes. When the 
swelling and infiltration are specially marked, the skin of the lids becomes 
gradually discolored and blackish, and at length to a large extent gangren- 
ous (erysipelas gangreenosum). Not infrequently the erysipelatous process 
penetrates under the guise of a phlegmonous inflammation into the deeper 
parts, so that abscesses are produced in the lids or even in the orbit itself. 
In the latter case, implication of the optic nerve may occur, and, by trans- 
mission of the suppuration to the cranial cavity, meningitis may take place 
and lead to a fatal issue. 

587. Herpes Febrilis—Herpes febrilis forms on the lids small limpid 
vesicles which are usually situated in groups placed on a common, slightly 
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reddened base. After a few days they dry up without leaving any scar. 
Herpes febrilis is usually unilateral and develops in consequence of febrile 
infectious diseases, most often those of the respiratory tract. It is often 
associated with an eruption of vesicles on the cornea (page 285). Sprink- 
ling the vesicles with a desiccant dusting powder suffices for the treatment. 

588. Herpes Zoster—Herpes zoster is an affection of the skin which 
consists in the formation of vesicles along the terminal expansion of a nerve. 
Among the cranial nerves the trigeminus is the one in whose area of distri- 
bution this affection occurs. The efflorescences are then found in the vicin- 
ity of the eye, for which reason herpes of the trigeminus is known as herpes 
zoster ophthalmicus or zona ophthalmica. 


Fic. 286.—Herpres ZosTaR OPHTHALMICUS, 

In a girl twenty years of age. Beginning of the disease five days previous. The vesicles occupy 
the region of distribution of the first branch of the trigeminus. This is the case even with those on 
the nose which extend down to the tip of the latter (corresponding to the distribution of the ramus 
naso-ciliaris of the first branch). 


Violent neuralgic pains in the course of the trigeminus usually precede 
for some days the outbreak of herpes. Then the exanthem makes its appear- 
ance, with accompanying febrile symptoms—vesicles, which for the most 
part are arranged in groups, starting up upon the reddened skin. The vesi- 
cles most frequently occupy the region of distribution of the first branch of 
the nerve, so that they are found upon the upper lid, upon the forehead as 
far as the scalp, and also upon the nose (Fig. 286). When the district sup- 
plied by the second branch of the trigeminus is affected, the vesicles are situ- 
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ated upon the lower lid, over the superior maxillary region as far down as 
the upper lip, and over the region of the malar bone. Sometimes the ter- 
minal expansions of both branches are affected simultaneously, while it is 
extremely rare for the region of the third branch to be involved. It is a 
characteristic feature of the exanthem, which is almost always confined to 
one side, that the affection of the skin is sharply delimited at the middle line. 

At first the vesicles contain a limpid fluid, which soon becomes cloudy 
and purulent, and finally dries up into a crust. If this is removed, an ulcer 
is found beneath it, a proof that the suppuration has penetrated into the 
corium. After the ulcer heals, cicatrices remain which are visible during the 
whole life, and by their characteristic arrangement render it possible to 
diagnosticate the previous existence of a herpes zoster even years afterward. 
By this formation of cicatrices the vesicles of herpes zoster are distinguished 
from those of herpes febrilis, in which the epidermis alone is detached by the 
fluid, so that they heal without leaving any trace of their existence behind. 

The affection of the skin is very frequently complicated with an affec- 
tion of the eye, consisting either of a keratitis or an irido-cyclitis. By the 
presence of such a complication the prognosis of herpes zoster is rendered 
essentially worse [see below]. 

An inflammatory affection of the trigeminus, which is located either in 
the trunk of the nerve itself or in the Gasserian or ciliary ganglion, lies at 
the bottom of herpes zoster ophthalmicus. By what means the inflamma- 
tion of these structures is produced remains in most cases unknown. In 
some cases herpes has been seen to develop as a result of chilling of the body, 
head injuries, the use of arsenic, and poisoning by carbon monoxide gas. 

The treatment of herpes zoster is purely symptomatic. We avoid open- 
‘ing the vesicles, as by doing so the raw surface in the skin would be exposed 
and pain would be excited. To prevent this we sprinkle the affected spots 
with dusting powder (rice starch) which causes the vesicles to dry up into 
crusts, beneath which the ulcers can heal undisturbed. The affection of the 
cornea or of the iris is to be treated according to the ordinary rules. 

After the subsidence of herpes zoster, anomalies in the function of the trigeminus 
often remain; anzesthesia or neuralgia, both combined, persisting for a long time in 
the area supplied by the affeeted branches. The cornea, which even while the inflam- 
mation is still present is less sensitive than normal, usually retains this condition of 
diminished sensibility for a long time. The two following phenomena likewise must 
be referred to alterations in the nervous influence: The first consists in the abnormally 
low tension that the eyeball frequently shows when it participates in the inflammation; 
the second is the striking elevation of temperature of the skin upon the affected side, 


which not only is present while the inflammation is recent, but often lasts for quite 
a long time afterward. 


It is said that the eye is implicated only in those eases of herpes zoster ophthal- 


micus, in which the naso-ciliary branch is involved (Hutchinson). The disease in the 
eye affects either the cornea or the iris. 


The cornea may be implicated in various ways. In the first place, it may be im- 
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plicated through the breaking out upon it of herpes vesicles from which quite large 
ulcers may develop [see page 285]. In other cases deep infiltrates may form which do not. 
undergo purulent disintegration, but are very slow in disappearing (keratitis profunda; 
see page 299). The corneamay also beaffected indirectly, in that a paralysis of the trigem- 
inus remains, and as a consequence of this a keratitis neuroparalytica is set up. Then 
I have seen two cases in which herpes was complicated with facial paralysis, and as 
a result of the latter, a keratitis e lagophthalmo developed. Iritis is often associated 
with these various diseases of the cornea, and iritis and irido-cyclitis may also develop 
as a result of herpes independently—i. e., without there being any simultaneous affec- 
tion of the cornea at all [page 426]. Mydriasis and paralysis of the oculo-motor or ab- 
ducens nerves also occur in consequence of herpes zoster. 

589. Eczema.—Eczema of the lids occurs both in an acute and a 
chronic form. Acute eczema is often artificial, i.e., caused by theapplication 
of substances which the skin does not tolerate, such as tincture of arnica, 
blue ointment, adhesive plaster, etc. 

At the outset, as long as the skin is simply red and swollen, the disease 
looks like erysipelas, but is distinguished from it by the fact that in erysipe-- 
las the skin is infiltrated throughout its entire thickness, and hence feels 
much thicker and firmer than in eczema. 

Chronic eczema either develops from an acute eczema or is chronic from 
the start. It may be simply one of the evidences of an eczema that is dis- 
tributed widely over the body, or it may be present in the lids alone. In the 
latter case it usually has a local cause, which is most often a wetting of the 
skin of the lids with the tears in chronic conjunctivitis, ectropion, affections 
of the lachrymal sac, etc. In these cases often only the lower lid is attacked. 

Acute eczema is treated with compresses of aluminum acetate, and 
washing with water is avoided. Afterward when the swelling of the skin 
has gone down ointments are indicated. Of these we select either diachylon 
ointment (Hebra) or ointments made with zine oxide or white precipitate 
(1 or 2 per cent) or with ichthyol (5 or 10 per cent). The ointments are 
spread thickly on pledgets of linen, which are laid on the closed lids and 
retained there by a bandage. In extensive eczema the entire face is covered 
with a linen mask smeared with ointment on the inside. 

In chronic eczema the application of ointments or pastes is likewise 
indicated, and the skin at the same time is protected by them from the tears. 
In squamous eczema we use tar ointments and for washing the lids salicylic 
spirit. 

Eczema of the lids is especially common in children, particularly under 
the form of moist eczema, which is called by the name of crusta lactea (milk 
crust, tetter). It forms the most frequent accompaniment of conjunctivitis 
eczematosa. The connection between eczema and conjunctivitis is either 
this, that both owe their origin to the same casual disease, scrofula, or else 
the eczema is the result of the conjunctivitis. For, as the latter is associated 
with profuse lachrymation, the lids are constantly moistened with the over- 
flowing tears, and hence become eczematous. Besides, children are in the 
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habit of rubbing their eyes with their hands, so that all the parts about the 
eye are wet with the lachrymal fluid. The eczema requires treatment both 
on its own account and also because of any eezematous conjunctivitis that 
may chance to be present. The latter is cured much more quickly if at the 
same time the eczema of the skin is got out of the way—contrary to the 
popular belief which is disposed to take the opposite view. (We often hear 
the complaint, ‘The eruption which the physician has driven from the skin 
has broken out in the eye.’’) The treatment in this case too is performed 
by means of the ointments, above given. Another effective method of treat- 
ment consists in the application of a 5- to 10-per-cent solution of silver 
nitrate (see page 201). 

Eczema at the border of the lid, being modified by the peculiar ana- 
tomical structure of the region, appears under a special form and will receive 
separate description later under the head of blepharitis ciliaris. 


2. Phlegmonous Inflammations of the Lids 


590. Under this head belong: 1. Abscesses of the lids. These originate 
most frequently after injuries. In other cases the affection starts from the 
bones; periostitis and caries of the margin of the orbit lying at the root of 
it. This is especially apt to be the case in scrofulous children, in whom, 
moreover, the carious diseases of the margin of the orbit arefrequently refer- 
able to injury. Lastly, erysipelas not infrequently gives rise to abscesses 
of the lids if the inflammation penetrates from the skin into the deeper parts. 
2. Furuncles, which, mainly occur in the region of the eyebrows. 3. 
Anthrax pustule (malignant pustule). This arises through a transfer, by a 
process of inoculation, of the poison of anthrax (the bacillus anthracis) from 
animals affected with anthrax to man. It is hence most frequently found 
in those persons who have to do with animals or the products obtained from 
them—e. g., in hostlers, shepherds, graziers, butchers, tanners, and furriers. 
In the Vienna clinics most of these patients come from Hungary. The dis- 
ease sometimes terminates fatally. 

The symptoms of the phlegmonous processes in the lids are marked 
inflammatory cedema and indurated infiltration in the skin of the lid or 
beneath it. Associated with this are swelling of the lymphatic glands in 
front of the ear and near the lower jaw, and fever and prostration. In the 
after-course of the disease disintegration of the infiltrated portion of the skin 
takes place, or, if the case is one of abscess, softening of the infiltrate sets in, 
with escape of the pus externally by its breaking through the skin. Not 
infrequently extensive gangrene of the skin of the lids occurs. The result 
of this is cicatricial shrinking of the lid in the course of healing and its con- 
sequent contraction, so that lagophthalmus or ectropion is produced. In 
both erysipelas and malignant pustule it is not uncommon for both lids to 
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be affected by the destructive process. This latter presents the peculiarity 
that even when it is of great extent it leaves exempt the free borders of the 
lids together with the cilia that they bear. This exemption is perhaps to be 
ascribed to the fact that of all portions of the lids the free border is most 
abundantly supplied with blood-vessels, and hence less readily falls a prey 
to necrosis. The preservation of the border of the lid is a very favorable cir- 
cumstance for those cases in which a plastic operation upon the lids after- 
ward becomes necessary, since the border of the lid can be used to skirt the 
edge of the implanted flap. 

In eases of tuberculous disease of the orbital margin, the suppuration 
often occurs without inflammatory symptoms of any account and under the 
guise of a cold abscess. 

Treatment follows the eee rules of surgery. In abscesses of the lids 
an incision should be made as early as possible (that is, as soon as we are 
able to make the diagnosis), in order to prevent the extension of the sup- 
puration into the deeper parts (orbit and meninges). However, in cold 
abscesses we may first make the attempt to cure the abscess together with 
the bone lesion by aspirating the pus with a syringe and then injecting some 
iodoform emulsion into the abscess cavity. When the skin of the lids is 
destroyed by inflammation, it is our business to strive to prevent as far as 
possible the subsequent contraction of the lids due to cicatrization. In large 
losses of substance in the lids it is best to refresh the edges of the two lids 
in isolated spots and unite them by sutures. As long as the palpebral fissure 
is kept closed in this way, lagophthalmus cannot develop, and the cicatrix 
that forms is broader. It is also advisable in such cases to graft bits of skin 
upon the granulating surface of the injured lids. In order not to endanger 


the result by a secondary shrinking of the newly formed cicatrix, the lids 


that have been thus artificially united are not separated again until some 
months after the cicatrization has been completed. If in spite of these 
measures, such a considerable contraction takes place, that lagophthalmus 
or ectropion is caused by it, the skin which has been destroyed must be 


replaced by blepharoplasty. 
3. Ulcers of the Skin of the Lids 


591. Ulcers are produced partly as the result of injuries (burns, the 
action of caustic substances, and contusion), partly spontaneously. Of the 
latter kind are the tuberculous (including as special forms scrofulous and 
lupous) ulcers and syphilitic ulcers. In children scrofulous ulcers are 
found not infrequently in conjunction with caries of the adjacent bone. 
Lupus is likewise of frequent occurrence in the lids, usually migrating to 
them from the neighboring regions (nose or cheek). From the lids it may 
pass over to the conjunctiva and even to the eyebuil ; and so, when lupus of 
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the face has lasted for a long time, considerable changes in the lids and eye- 
ball are often found, which may even produce complete blindness. 

The syphilitic ulcers of the lids are either examples of initial sclerosis 
or disintegrating gummata. Soft chancre also occurs on the lids. 


[Chancre of the lid is usually found either in the intermarginal space or at the 
canthi or on the tarsal conjunctiva. It is distinguished from a hordeolum by its 
chronicity, the attendant enlargement of the preauricular or submaxillary glands, 
the presence of the spirochetew, and the positive Wassermann reaction (Alter). 
Occasionally the cornea may be seriously involved. Very rarely double or even 
triple chancres are found (Finlay). Gummata form indolent tumors which may break 
down into indurated, painless ulcers or may be absorbed spontaneously (see page 
676). Very similar tumors may be caused by excessive doses of the iodides (Ste- 
phenson). In the diagnosis of gummata the luetin test is particularly valuable, as it 
may be positive when the Wassermann test is not (Alter). —D.] 

Among the ulcers of the skin of the lids must also be mentioned vaccine ulcers. 
The way in which they develop is that by some carelessness secretion is carried from 
children’s vaccine pustules to the lids. They are found most frequently in women 
whose children have been vaccinated a short time before. They form pretty large, 
very coated ulcers, situated on the edges of the lids, and accompanied by considerable 
oedema of lids and even conjunctiva. To these symptoms are added swelling of the 
lymph gland in front of the ear, and sometimes even fever (ef. pages 210 and 275). 

[592. Blastomycetic Dermatitis.—This is a disease which so far has been observed 
only in America, and mainly in the Mississippi valley. It begins as a papule, changing 
speedily to a pustule and then to a spreading, tumor-like mass, composed of irregular 
elevations and containing miliary abscesses, from which pus oozes spontaneously or 
under pressure. The disease has a serpiginous growth and may produce extensive 
destruction of the skin, but rarely, if ever, attacks the conjunctiva. It looks very 
like epithelioma, but is due to a peculiar yeast-like, budding organism, which can be 
obtained from the abscesses. Potassium iodide up to 10 gm. three times a day is almost 
a specific (Bevan) and the application of the X-ray is also beneficial (Fagin).—D.] 

4. dema of the Lids 

593. Cidema of the lids is of course not a disease but only a symptom 
yet as such it is so frequent and at the same time so conspicuous that it 
deserves quite a detailed description. Its development is favored to an 
unusual degree by the anatomical structure of the lid (see page 647): hence 
it is found not only in connection with every violent inflammation of the lids 
themselves or of the neighboring parts, but also in consequence of simple 
venous congestion or an altered state of the blood. In the former case we are 
dealing with inflammatory edema (oedema calidum), in the second case with a 
non-inflammatory adema (cedema frigidum). Aslong as the cedema ison the 
increase, the skin of the lid is found to besmooth and tense ; but assoonasthe 
cedema begins to decrease, this is at once made manifest by the formation of 
minute wrinkles in the skin of the lid—a phenomenon which is therefore 
of value as affording evidence that the process has already passed its acme. 

Cidema of the lids often causes the patient more alarm than does the lesion which 


lies at the bottom of it, because he cannot open the swollen eye, and hence cannot 
see with it. And for the less experienced physician marked cedema presents difficulties, 
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inasmuch as it hinders the accurate inspection of the eyeball. If, in consequence, 
the physician gets but a transient view of the eye, or no view at all, he may easily make 
a false diagnosis, and may cause the patient great anxiety for what is perhaps an insig- 
nificant affection. For the benefit of the general practitioner, therefore, those affections 
which are associated with cedema of the lids will be enumerated in the following lines, and 
at the same time the symptoms will be given from which the diagnosis can be made. 

The first thing to be done is to open the lids sufficiently in spite of the oedema, 
for which purpose we may with advantage use Desmarre’s elevator [see Fig. 2], espe- 
cially in the presence of marked swelling or violent blepharospasm. We then see whether 
the conjunctiva is free from redness, and the eyeball itself is normal, not protruding, 
and freely movable; or whether, on the contrary, morbid changes can be made out 
to exist in these parts. 


(a) Upon Separating the Lids the Deeper Parts Appear Normal 


594.—It is necessary first to determine whether what we have before us is an inflam- 
matory or a non-infammatory oedema. The former is distinguished from the latter 
by the redness, the increased temperature, and not infrequently also by the sensitive- 
ness to touch. Let us assume that we are dealing with an inflammatory edema. In 
order to find out what affection lies at the bottom of it, we now try to ascertain whether 
in palpating the swollen part we do not come upon some one spot which is distinguished 
by greater induration and special painfulness. 

1. If such a spot is found close to the free border of the lid, we are usually dealing 
with a hordeolum. In the very inception of this affection nothing besides the above- _ 
mentioned symptoms are noticeable. But, in the days immediately following, a yellow- 
ish point of discoloration is discovered either between the cilia, or, if we aredealing 
with a Meibomian stye, upon the inner surface of the lid. 

2. If the indurated and sensitive spot occupies the internal angle of the eye, our 
first thought must be of an acute dacryocystitis. This diagnosis is confirmed, if, upon 
pressure in the region of the lachrymal sac, pus is evacuated from the puncta, or if the 
patient says that epiphora has for a long time preceded the inflammation, To be sure, 
a furuncle or a periostitis may also develop in the region of the lachrymal sac, but these 
eases, in comparison with the frequently occurring dacryocystitis, are extremely rare. 

3. In cedema of the lids due to a furunecle or a malignant pustule there is felt, con- 
trary to what takes place in erysipelas, a circumscribed, indurated, and painful nodule 
of considerable extent in the skin of the lid itself; while, if the infiltration lies deep 
in the tissues, we are dealing with a commencing abscess of the lid. In periostitis of 
the margin of the orbit the latter can be felt through the oedematous lid, and it is then 
found to be not sharp, but thickened and enlarged, and tender to the touch. 

4. In erysipelas the redness and swelling of the lid are uniform. ‘The skin itself 
when grasped between the fingers feels thicker and harder; while, on the other hand, 
circumscribed infiltration is absent. The swelling, as a rule, occupies both lids and 
also extends to the neighboring parts; and when we have had the case under observa- ~ 
tion for some time, we can see that the swelling migrates. If in the course of the inflam- 
mation an induration develops which can be felt to be deeply seated, it is a proof that the 
process has penetrated into the deeper tissues, and that an abscess of the lid is forming. 

Cases of erysipelas sometimes occur which are very slight in intensity and extent, 
and present correspondingly insignificant inflammatory symptoms. Then only the 
lids themselves, and perhaps the dorsum of the nose, too, are swollen; these parts 
are not tense but of doughy consistence, and are scarcely reddened; and fever and pain are 
absent. The swelling disappears within a few days, and the skin then peels off, but it 
may also happen that the doughy swelling lasts for weeks or even months—a condition 
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of things that the dermatologists call by the name of erysipelas perstans. Such light 
cases of erysipelas usually recur, and thus acquire a resemblance to the cases of— 

5. Recurrent neurotic edema of the lids. In this a very marked cedematous swell- 
ing of the lids—a swelling, however, which is usually free from redness—suddenly 
makes its appearance, and then very rapidly—often within a few hours—disappears 
again. Frequently there are associated with it similar cedematous swellings in other 
parts of the body—e. g., on the lips, the trunk, or the extremities, more rarely in the 
larynx or pharynx. These transient attacks of odema are referred to temporary 
disturbances in the innervation of the vessels (angioneuroses), and are allied to urti- 
caria. They occur most frequently in women, and especially at the time of the menses. 

6. Acute eczema of the lids is often associated with marked cedema of the latter, 
and in the first few days of its development may be hard to distinguish from an 
erysipelas. 

Chronic eczema squamosum often also causes a moderate cedema of the lids in 
old people the skin of whose lids is lax, and it is then readily overlooked because the 
skin affection often manifests itself only by an insignificant roughness of the surface 
when stroked with the finger—the roughness being due to the slight desquamation. 

7. Gidema of the lid due to trawmatism is almost always accompanied by extensive 
hemorrhagic suffusion of the lid, and from this fact can readily be recognized. If 
cedema of the lid develops in consequence of the sting of an insect, it is easy to make 
the diagnosis when we are able to discover the site of the sting. 

Non-inflammatory edema is met with as one of the symptoms of general cedema, 
as, for example, in heart disease, in hydremia, and in nephritis. Not infrequently 
the lids are the very first part of the body in which these varieties of edema show 
themselves, and thus give warning of the causal disease. In such cases the cedema 
of the lids sometimes appears under the guise of flying oedema (cedema fugax)—i. e., 
it comes suddenly and disappears again within a few days or even a few hours, only 
to return after a short interval of time. 

A va.ety of oedema holding an intermediate position between the inflammatory 
and the non-in4ammatory kinds, is that which is observed in connection with blepharo- 
spasm that has las. 2d a long time (especially in children with conjunctivitis eezematosa). 
This chiefly affects vhe upper lid, and is mainly referable to the compression of the 
palpebral veins, by the coutracted orbicularis (see page 197), 
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(b) Upon Separating the Lids —" mges are Found in the Conjunctiva or Eyeball 


595. 1. Among affections of the conju..ctva, those associated with cedema of the lids 
are acute blennorrhcea and diphtheria, less freyvently a violent catarrh, or, as above 
stated, a conjunctivitis eczematosa. The diagnosis is easily made, from the appear- 
ance of the conjunctiva and from the character of the secretion. 

2. Violent inflammations in the interior of the eyebai? lead to cedema of the lids ; 
severe irido-cyclitis and acute glaucoma doing so to a less extent, panophthalmitis 
to a more considerable degree. In the latter disease, as in acute blennorrhaea, chemosis 
is also present. A confusion between the two diseases can, however, be readily avoided; 
since in panophthalmitis the purulent secretion in the conjunctiva is wanting, while 
a purulent exudate is visible in the interior of the eye (in the anterior chamber or in 
the vitreous). An important differential sign is the protrusion of the eyeball and 
the consequent diminution in its mobility in panophthalmitis, symptoms which are 
never present in acute blennorrhcea, 

3. Tenonitis, orbital cellulitis, and thrombosis of the cavernous sinus share with 
panophthalmitis the symptoms of oedema of the lids, chemosis, and protrusion and 
immobility of the eyeball. These affections might hence be confounded with each 
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other and with panophthalmitis. From the latter, however, they are at once distin- 
guished by the fact that in all three the eyeball itself, except for the oedema of the 
conjunctiva, looks normal in its anterior portion, while in panophthalmitis the suppu- 
ration in the interior of the eye is visible. For the differential diagnosis between the 
three affections first named, see § § 719 and 720. 

A tumor developing in the depth of the orbit may also, along with the protrusion 
of the eyeball, cause cedema of the lid due to congestion. In this case, however, in- 
flammatory concomitants are either slight or are absent altogether. 

596. Mortification of the Skin of the Lids.—This occurs under two forms, dry 
mortification (necrosis), and moist mortification associated with putrefaction (gangrene). 
Mortification develops from (1) intense inflammation of the skin of the lid itself. This 
is most frequently the case in erysipelas and also in anthrax; and, very rarely indeed, 
mortification occurs in variola. (2) Severe inflammation of the structures situated 
beneath the skin of the lids, such as the subcutaneous cellular tissue (in phlegmons) 
and even the conjunctiva itself (in gonorrheal conjunctivitis and diphtheria). Cases 
of the latter kind are extremely rare, but I have actually seen all four lids become 
gangrenous in a child with ophthalmia neonatorum. The child not only escaped with 
its life, but even partly regained its sight. (3) Occlusion of the vessels of the lid by 
embolism (in pyzemia and sepsis) or thrombosis (in exhausting diseases). (4) Infection 
of peculiar character (hospital gangrene, noma). (5) Traumatisms, such as crushing, 
burning, corrosion and freezing (from too prolonged application of iced compresses). 


597- Dystrophy of the Skin of the Lids.—In old age the skin of the lids loses its 
elasticity and becomes wrinkled and lax. To a less extent this loss of firmness also 
affects the fascia tarso-orbitalis that lies beneath the skin. In that case this fascia and 
the skin with it are pushed forward by the orbital fat, especially in fat persons. Thus 
develops the well-known baggy bulging of the lower eyelids, which is commonly re- 
garded by its possessor as an inflammatory swelling and is called by the name of ‘‘tear 
bags.” In the upper lid it is especially the skin over the inner angle of the eye that 
protrudes in this hernia-like fashion. 

A relaxed condition of the skin, which occurs in young persons as well as old is 
the ptosis adiposa of Sichel, which consists in the fact that the covering fold of the 
upper lid is of unusual size, so as to hang down over the free border of the lid in the 
region of the palpebral fissure. It was formerly assumed that this enlargement was 
caused by an excessive accumulation of fat in the covering fold, for which reason the 
name of ptosis adiposa was given to it. Its true cause, however, is that the bands of 
fascia connecting the skin with the tendons of the levator and with the upper margin 
of the orbit are not rigid enough; consequently the skin is not properly drawn up 
when the lid is raised, but hangs down in the form of a flabby pouch (Hotz). 

A condition differing from ptosis adiposa is blepharochalasis (x4@Aacw, relaxation). 
In this the skin of the upper lid becomes so thin that it lies in countless little wrinkles, 
and looks like rumpled tissue paper. Moreover, owing to the dilatation of numerous 
small superficial veins, it acquires a red appearance. In consequence of its relaxation 
and the looseness of its attachment it hangs down like a pouch; while the border of 
the lid itself is scarcely lower than usual. This change occurs in cases in which there 
have been frequent antecedent cedematous swellings of the lid (e. g., it occurs after 
recurrent neurotic cedema of the lid, see page 664), as a result of which the skin is 
stretched and loses its elasticity. 

Except for the disfigurement they cause, neither ptosis adiposa nor blepharo- 
chalasis entails any disagreeable symptoms. They can be removed by ablating the 
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excess of skin, and attaching the skin to the upper border of the tarsus by Hotz’s oper- 


ation, so as to prevent its drooping (see § 831). 
598. Other Cutaneous Affections.—Hlephantiasis affects the lids under the form 


of a monstrous thickening, especially pronounced in the upper lid which hangsdown 
over the lower and upon the cheek, and which, on account of its weight, cannot be 
raised, and thus renders vision with the eye so covered impossible. Elephantiasis 
usually develops as a result of repeated inflammations of the lids. The treatment con- 
sists in excision of the skin to a sufficient extent for the lid to regain approximately its 
normal dimensions. 

Under the name of chromidrosis® is denoted that rare affection in which the sweat 
from the skin of the lids is colored. As a result of it blue spots come out upon the lids 
which can easily be wiped away with a cloth that has been dipped in oil, although 
in a short time they make their appearance again. This disease is said to occur espe- 
cially in women. A large number of the known cases must probably be referred to 
simulation—i. e., to the intentional application of some blue coloring matter to the lids. 


II. INFLAMMATION OF THE BORDER OF THE Lips 


599. Varieties—The free border of the lid is simply a part ofthe skinof 
the lid, which, however, is distinguished by many anatomical peculiarities 
such as its cilia with their hair follicles and glands, its particularly abundant 
vascular supply, etc., so that its diseases bear a special stamp. Affections 
of the borders of the lids are among the most frequent of all diseases. 

Hyperemia of the border of the lid manifests itself by the reddening 
of it, so that the eyes look as if rrmmed with red. It occurs in many people 
in consequence of insignificant injurious influences, such as prolonged weep- 
ing, great straining of the eyes, staying in vitiated air, a wakeful night, ete. 
This is especially true of persons with a delicate skin, who at the same time 
have a light complexion and blonde or reddish hair. In many of these per- 
sons the hyperemia of the lids is present all the time, and sometimes lasts 
for their whole life. With respect to the troubles that it causes, and also 
with respect to its treatment, the same statements hold good that will be 
made in speaking of blepharitis. 

Inflammation of the border of the lids (blepharitis ciliaris or blepharo- 
adenitis') appears under the two following principal forms: 

1. Blepharitis squamosa. In this the skin between the cilia and in their 
vicinity is covered with small, white or gray scales like the dandruff upon the 
scalp, or, as some have said, the border of the lids looks as though strewn 
with bran. If the scales are removed by washing, the skin beneath them is 
found to be hyperemic but not ulcerated. Upon removing the scales, some 
cilia usually fall out—a proof that they are less firmly attached than usual; 
but, as their follicles are not injured, they grow again afterward. 

A sub-variety of blepharitis squamosa, which is of less frequent occur- 
rence, appears under the following form: The border of the lids is covered 
with yellow crusts, which are sometimes rigid, sometimes flexible and fatty 


; From Xpwoma, color, pwors, sweating. 
From Bdepapor, lid and anv, gland; i. e., inflammation of the glands of the lid 
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(like wax or honey). When they are removed, no ulcers are found beneath 
them, but simply reddening of the skin of the lid. The yellow crusts are 
therefore not inspissated pus, but simply the excessively abundant secretion 
of the sebaceous glands, which has solidified in the air into yellow crusts. 

2. Blepharitis ulcerosa. In this form also the border of the lid is cov- 
ered with yellow crusts; but, after washing them off, we find not merely a 
hyperemia of the skin but ulcerative processes as well. Thus we see here 
and there in spots small yellow elevations, from the center of which rises 
a cilium. These are little abscesses, which have originated from suppura- 
tion of a hair follicle and of the sebaceous gland belonging to it. With these 
we find little excavations—that is, ulcers which have been formed out of 
small abscesses that have opened. Again, in other spots we notice small 
scars, the remains of similar ulcers. At the site of the scars the cilia are 
permanently deficient, because their hair follicles have been destroyed by 
suppuration. Since new hair follicles are constantly being transformed, one 
after another, into abscesses, the row of cilia, when the process has kept up 
for a long time, becomes more and more thinned out; the cilia that are still 
present are arranged in separate groups, which for the most part are glued 
together into tufts by the dried secretion. Blepharitis ulcerosa, accordingly, 
is distinguished from blepharitis squamosa by its deeper situation and the 
purulent character of the inflammation. It is hence to be regarded as the 
more serious of the two forms, the one in which both the inflammatory 
symptoms are more pronounced, and permanent sequel, particularly 
destruction of the cilia, remain. 

For the correct diagnosis of blepharitis the crusts covering the border of the lid 
must be removed, in order to determine the state of the skin beneath them. If the 
skin beneath the crusts is normal, we are not dealing with blepharitis at all, but with 
a disease of the conjunctiva, the dried secretion from which forms the yellow crusts. 
In blepharitis the skin is at least found to be reddened (in blepharitis squamosa), or 
it is covered with ulcers (in blepharitis ulcerosa). In the vicinity of the ulcers the skin 
of the palpebral border not infrequently is thickened by hypertrophy of the papilla 
so that warty exerescences are formed, which are painful and bleed readily, and which 
must be removed. 

600. Symptoms and Course.—The annoyance suffered by the patient 
is slight in the lightest cases of blepharitis, so that many patients visit the 
physician more on account of the disfigurement due to the reddened border of 
the lids than on account of any distress they experience. But in most cases 
the patients are annoyed by the increased sensitiveness of the eyes which 
water readily, especially during work and in the evening, aresensitive to light, 


. heat, and dust, and tire quickly. In the morning the lids are stuck together. 


Blepharitis is distinguished by its eminently chronic course, which often 
extends over a series of years. In young patients the disease often disap- 
pears of itself, when they grow up; in others it continues during the whole life. 
Proper treatment always produces considerable improvement, or even 
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effects a cure, which latter, however, is in most cases not lasting, as after 
the discontinuance of the treatment the disease usually returns; a perma- 
nent cure is obtained in only a few cases. 

After lasting some time blepharitis entails a series of sequela, which to 
a certain extent react in their turn upon the blepharitis and render it worse. 
These are— 

1. Chronic conjunctival catarrh. This is the constant concomitant of 
blepharitis, the annoyance produced by which is in no small part dependent 
upon it. 

2. Blepharitis ulcerosa leads to permanant destruction of the cilia. This 
may go on till nearly all the cilia are lost. In that case there are found 
upon the border of the lid a few scattered, minute, and abortive hairs. 
This condition, called madarosis,®> produces marked disfigurement. As soon 
as all the cilia have been destroyed, the blepharitis ceases of itself, since 
there are no longer any hair follicles to undergo suppuration. 

3. By the traction produced by scars which remain after suppuration 
of the hair follicles, neighboring cilia may be given a false direction, so as 
to turn backward toward the cornea (trichiasis). 

4. Hypertrophy of the border of the lid may develop in consequence of 
its being constantly congested and swollen by inflammation. The lid is then 
found to be thicker and more misshapen at its free border, and drooping in 
consequence of its weight (tylosis®). This change affectsmainly the upperlid. 

5. The lower lid very often undergoes, as a result of blepharitis, a 
change of position under the form of ectropion. This develops in the fol- 
lowing way: Owing to the formation of the sears, the conjunctiva is drawn 
a little forward over the border of the lid. The border of the lid then looks 
as if it had a rim of red conjunctiva about it, and the posterior margin of 
the lid, which before was sharp, is now rounded off, and can no longer be 
distinctly made out. In consequence of this change of form, the borders of 
the two lids no longer fit exactly to each other when the latter are shut 
together. Furthermore, on account of the absence of its sharp posterior 
margin, the lid is no longer perfectly applied to the eyeball, and a shallow 
groove remains between the eyeball and the border of the lid (eversion of the 
border of the id). In common with the border of the lids, the puncta are also 
turned forward so as no longer to dip into the lacus lacrimalis (eversion of the 
puncta). Thus the conduction of tears into the lachrymal sac is interfered 
with, so that epiphora develops. A portion of the tears runs down over the 
lower border of the lid upcen the skin of the latter, which because of this con- 
tinual wetting becomes reddened, excoriated, and even eczematous; conse- 
quently it loses its pliability and becomes gradually contracted. In this 
way the lower lid is drawn farther and farther away from the eyeball, sothat 
an ectropion of the entire lid is gradually developed from the eversion of its 
border. At the same time the lachrymation also constantly increases, and 


5 From padav, to melt away, to fall off. § From tvdos, a callous spot. 
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this in turn reacts injuriously upon the blepharitis, the border of the lid 
being irritated to the point of inflammation by the tears that are constantly 
flowing over it. 

601. Etiology.—The causes of blepharitis are either of a general or a 
local nature. 

The general causes lie partly in the constitution of the patient, partly 
in external injurious influences. In the first category are to be mentioned 
anemia, scrofula, and tuberculosis, which particularly in children and 
young people furnish a frequent cause of blepharitis. When with increas- 
ing age the constitution improves, the blepharitis also disappears. In many 
families blepharitis is hereditary, being a kind of family disease. Among 
external injurious influences are to be considered all those which are known 
to be also causes of chronic conjunctival catarrh (see page 148). Among 
these belong vitiated air, smoke, dust, heat (for example in the case of 
stokers), staying up late at night, etc. Blepharitis produced by general 
causes is always bilateral. 

Among the local causes of blepharitis the most frequent are chronic 
inflammations of the conjunctiva (chronic catarrh, conjunctivitis eezema- 
tosa, and trachoma) and epiphora. The latter excites inflammation of the 
border of the lid by keeping it continually wet. The epiphora may be 
caused either by increased secretion of tears or by interference with their 
discharge into the nose. The former is the case, for example, in conjunc- 
tivitis eezematosa, which is characterized by profuse lachrymation. Since 
in this case the inflammation of the conjunctiva and the scrofulous diathesis 
of the patient act both at the same time to favor the development of ble- 
pharitis, it is easy to understand why conjunctivitis eczematosa should so 
exceedingly often be found combined with blepharitis. 

Epiphora may, however, also be produced by interference with the con- 
duction of tears, as a result, for instance, of an affection of the lachrymal 
sac; in this case the blepharitis is found only in that eye in which the affec- 
tion of the lachrymal sac exists. Hence the rule is in unilateral blepharitis 
to examine the lachrymal sac at once, just as, on the contrary, in bilateral 
blepharitis we shall first have to look for ageneral condition asthe cause of it. 
Another cause of interference with the conduction of tears, and hence also of 
blepharitis, is imperfect closure of the lids due to ectropion, to paralysis 
of the facial nerve, to congenital and acquired contraction of lids, ete. 

Since the border of the lids is simply a modified portion of the external skin, it 
would be proper to consider the affections of it from the dermatological standpoint— 
that is, to compare them with analogous affections of the skin. From this point of 
view blepharitis squamosa might be regarded as seborrhoea, That form which is asso- 
ciated with furfuraceous scales would correspond to seborrhoea squamosa or seborrhcea 
sicca of the skin, which we most frequently observe, under the guise of increased forma- 


tion of scales, upon the scalp. The form of blepharitis squamosa which is character- 
ized by yellow, fatty crusts, is probably identical with the seborrhcea oleosa, which is 
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likewise found upon the scalp, particularly in children, and in this situation is known 
under the names of scurf or scall. In blepharitis ulcerosa it is a case of eczema, which, 
on account of the hairy character of the border of the lid, is associated with suppuration 
of the hair follicles, such as is also the case in other hairy portions of the skin. For 
the inflammation creeps from the epidermis into the hair follicle, and the staphylococci 
which enter the gland from its orifice, are what cause the suppuration. If the hair 
follicle alone suppurates, the small pustules, such as are ordinarily found, develop on 
the margin of the lid. But if the inflammation makes its way from the interior of the 
hair follicle to the surrounding connective tissue, so that the latter also suppurates, a 
somewhat larger circumfollicular abscess is formed. This corresponds to the acne 
pustule of the skin and when occurring on the lid border is called hordeolum. A gen- 
uine sycosis of the lid border (trichophytia) also occurs, although very rarely (Herzog). 
(For sportrichosis, see page 210.) 

602. Treatment.—The treatment of blepharitis must take account 
both of the causal indication and also of the local changes. Regard to the 
causal indication requires the improvement of the patient’s constitution and 
of the hygienic conditions under which he lives. In most cases, it is true, 
the object aimed at cannot be attained, owing to external circumstances. 
Local causes of blepharitis, such as lesions of the conjunctiva and the lach- 
rymal sac, lagophthalmus, ete., are to be removed as far as possible. In the 
treatment of the diseased border of the lids themselves ointments play the 
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chief part. Their action is to be principally attributed to the fat they con- 
tain. This softens the scales and crusts and thus facilitates their removal, 
and also prevents the occlusion of the orifices of the palpebral glands; it 
renders the skin more pliable, and protects it from being wet by the over- 
flowing tears. We must, therefore, select as the basis of the ointment a soft 
pliable fat, which also should be somewhat hydrous so that by the evapor- 
ation of its water the ointment may produce a refrigerant action. The 
unguentum emolliens [cold cream] and lanolin fulfill these requirements; the 
latter should be mixed with an equal amount of vaselin to make it more 
pliable. Of medicaments added to the ointments the mildest are boric acid 
(2 per cent), noviform (2 per cent), white precipitate (1 or 2 per cent), and 
ichthyol (2 to 5 per cent); rather more irritant in action are salicylic acid, 
resorcin, and yellow precipitate (all in a strength of from 1 to 2 per cent). 
The way to apply the lid ointment is for the patient to rub it with the finger 
on the closed interpalpebral fissure before going to bed. Before he does this 
the crusts and scales that stick to the edge of the lids should be removed 
as carefully as possible by washing with lukewarm water or with milksothat 
the ointment shall come in contact with the skin itself. This cleansing is to 
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be done again in the morning after washing off the remnants of the oint- 
ment. The physician must insist very particularly upon this point, since 
the act of cleansing the lids is often painful, and hence, especially in chil- 
dren, is frequently not performed with sufficient care. In blepharitis squa- 
mosa the use of a tar soap or salicylic tincture is serviceable for cleansing 
the lids each morning. When by means of this treatment we have finally 
succeeded in bringing the border of the lids back to their normal state, we 
continue the use of the salve for some time longer, as otherwise the blephar- 
itis will very soon recur. [A serviceable procedure is the following. Close 
the eyes gently. Make a good lather with any good soap or shaving cream 
and fill the eyelashes with it as if to shave them, grasp the eyelashes with a 
damp cloth held between thumb and finger, and with this stroke them out 
soastoremove all lather, scales, and loose lashes. When thelashesareclean, 
dry them, thenrubavery little of the ointment (preferably a 1-per-cent oint- 
ment of yellow oxide of mercury) gently into the roots of the lashes and 
edges of the lids. Wipe off all excess of omtment. Do this twice a day (cf. 
also remarks in fine print below.—D.] 

In blepharitis ulcerosa, in addition to the employment of the ointment, 
the abscesses which form must be opened every day, and the cilia that pro- 
ject from them must be epilated. For this purpose we make use of the 
cilium forceps—that is, of a forceps with broad rounded ends. The heal- 
ing of the ulcers can be accelerated by touching them lightly with a pointed 
stick of nitrate of silver. 

[The removal af crusts from the lids and from the cilia is important not only for 
diagnosis but for treatment. Crusts and scales may be loosened and teased off by 
stroking the cilia with a cotton swab wet with hydrogen peroxide —D.] 

In the treatment of blepharitis the mistake is very frequently committed of pre- 
scribing highly irritant ointments, by which the inflammation is simply aggravated. 
If we select as the basis of the ointment the unguentum emolliens, we must take care 
that the ointment is prepared fresh from time to time, as otherwise the fat would become 
rancid and cause irritation. In severe cases of blepharitis ulcerosa it is advisable to 
smear the ointment thickly upon a pledget of linen and apply it over night to the eyes by 
means of a bandage. In this way the ointment acts in a much more penetrating way than 
if it were merely smeared upon the borders of the lids. This procedure is particularly 
indicated when the blepharitis is caused by congenital shortness of the lids, because here 
the closure of the palpebral fissure during sleep is at the same time insured (see page 687). 

In many cases of blepharitis ulcerosa, particularly if tylosis is present at the same 
time, we will fail to accomplish our object until we have epilated all the cilia. We 
do this in several sittings, and subsequently also remove the cilia that grow in after- 
ward, keeping on in this way until the border of the lid once more looks perfectly nor- 
mal. We need not fear that the cilia, even if we have epilated them ever so often 
will ultimately fail to grow in again. For the tylosis itself, massage of the lid, with the 
aid of the white-precipitate ointment, does good service. This acts partly by exciting 
resorption, partly because it helps to remove mechanically the contents of the palpe- 
bral glands, and thus prevents their occlusion. 

The hair-follicle mite, acarus or demodex folliculorum, is found very often in the 
hair follicles of the cilia, and, it is said, maay very frequently give rise to blepharitis 
(Raehlmann). 
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Not to be confounded with blepharitis is the condition called phthiriasis palpe- 
brarum—i. e., the presence of crab lice (phthirius inguinalis or pediculus pubis) upon 
the eyelashes. Here the borders of the lids look strikingly dark. Upon more careful 
inspection we discover as the cause of the discoloration the black nits of the crab lice 
sticking fast to the cilia; sometimes, too, a grown specimen is found lodged between 
the cilia. The disease, which is rare and which is found almost exclusively in children 
causes trouble only from the itching it produces. It is easily cured by means of blue 
ointment, which, when rubbed into the borders of the lids, kills the parasites, 


III. DisHASES OF THE PALPEBRAL GLANDS 


603. The glands which here come under consideration are the glands 
of the hair follicles of the cilia (Zeiss’s glands) and the Meibomian glands. 
The affections of the former have already been treated of in part under the 
head of blepharitis, a disease which presents a diffuse inflammation extend- 
ing over the whole border of the lid, and in which the hair follicles are impli- 
cated. To be distinguished from this is the isolated inflammation which is 
limited to one or a few of these glands, and forms an independent affection. 
If such an inflammation develops as an acute affection, it is known as hor- 
deolum; if as a chronic affection, it is known as chalazion. From these, 
again, are to be distinguished the cases of simple occlusion of the glands with 
inspissation of their contents but without inflammation—cases which form 
the starting point of the infarcts in the Meibomian glands. 


1. Hordeolum’ (Sty). 

604. There are a hordeolum externum and a hordeolum internum. 

Hordeolum externum {or hordeolum zeissianum] is produced by suppu- 
rationof one of Zeiss’s glands. There is first noticed an inflammatory cedema 
of the affected lid, which in severe cases may even extend to the conjunctive 
bulbi. Upon careful palpation there is discovered in the swollen lid a spot 
which is distinguished by greater resistance and by special sensitiveness to 
touch. It lies near the border of the lid, and corresponds to the inflamed 
gland. In the next day or two the swelling at this spot increases, and the 
skin over it grows red, afterward shows a yellowish discoloration, and finally 
perforates near the border of the lids with a discharge of pus. After the 
evacuation of the pus the inflammatory symptoms rapidly abate, the small 
abscess cavity soon closes, and the entire process comes to an end. In spite 
of the fact that the duration of the disease is but a few days, the affection 
itself is still very burdensome to the patient on account of the pain, which 
is often considerable, in the tense and greatly swollen lids. In addition to 
this many persons have a number of repeated attacks. 

Hordeolum internum is much rarer than hordeolum externum. It con- 
sists In a suppuration of one of the Meibomian glands, and is hence also 
called hordeolum meibomianum. The course of the disease is, on the whole, 
the same as that of the hordeolum externum; but as the Meibomian glands 
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are larger than those of Zeiss, and are enveloped in the firm connective tissue 
of the tarsus, the inflammatory symptoms are more violent, and it takes a 
longer time for the pus to be evacuated. The pus at first, as long as it is 
shut in in the affected glands, appears upon eversion of the lid as a yellowish 
spot shining through the conjunctiva. Afterward it breaks through the con- 
junctiva or is discharged through the orifice of the gland. Perforation 
through the skin occurs only as an exception, in contradistinction to hor- 
deolum externum, in which this is the rule. 

Hordeolum externum and internum are essentially the same process— 
i. e., they are both an acute suppuration of a sebaceous gland, for the Mei- 
bomian glands are nothing but modified sebaceous glands. A hordeolum 
is analogous to acne of the externalskin. The violent inflammatory symp- 
toms, and particularly the marked cedema, which distinguish a hordeolum 
from ordinary acne pustules of the skin, are caused by the peculiar anatomi- 
cal structure of the lids, which especially predisposes the latter to inflam- 
matory swelling. - 

Hordeolum is found principally in young people, particularly if they 
are of anemic or scrofulous constitution and at the same time suffer from 
blepharitis. The latter, by causing accumulation of scales and crusts on 
the border of the lids, favors multiplication of the bacteria (staphylococci) 
that are always present there, which can thence readily penetrate into the 
orifices of the glands. [Repeated crops of styes often indicate systemic 
disturbance, especially one due to digestive or menstrual disorders.—D.] 

The treatment of hordeolum in the beginning of the disease consists in 
the use of moist warm compresses, which are applied to the lids in order to 
convert the hard infiltrate more rapidly into pus. When the yellow color 
of the pus is visible beneath the skin or the conjunctiva, the abscess may 
be opened by a small incision, and thus the duration of the inflammation 
may be shortened by several days. The prime means for avoiding a recur- 
rence of the hordeolum is the treatment of any blepharitis that may be 
present. [Yellow oxide ointment is, hence, a useful application for this pur- 
pose. Sometimes calx sulphurata given every three hours in doses of gm. 
0.015 seems to abort a forming hordeolum. If there is a tormenting succes- 
sion of hordeola, treatment with an autogenous vaccine prepared from the 
pus of the hordeola themselves may be tried.—D.] 


2. Chalazion® 


605. Chalazion is a chronic affection of the Meibomian glands. It 
forms a hard swelling which develops very gradually in the lid. In many 
eases this occurs without any inflammatory symptoms whatever, so that 
the swelling is not noticed by the patient until it has become quite large. 


8 From xadaéa, hail. 
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In other cases, however, there are moderate inflammatory concomitants, 
which, nevertheless, are insignificant in comparison with those which accom- 
pany a hordeolum. The tumor keeps constantly enlarging for months until 
it becomes as big as a pea or bigger; it then bulges the skin far enough for- 
ward to produce a perceptible disfigurement of the lid. Upon palpating the - 
tumor we can make out that it is pretty resistant, and that it is intimately 
connected with the tarsus, while the skin lying over it can be displaced from 
side to side. Upon everting the lid we find the conjunctiva over the tumor 
reddened, thickened, and somewhat protruding. Later on, the tumor 
assumes a grayish look as seen through the conjunctiva, and ultimately the 
latter is perforated; then a viscid, rather turbid fluid flows out, which repre- 
sents the central softened portions of the tumor. But the main portion of 
the latter, consisting of spongy granulations, remains behind, for which rea- 
son the tumor after it has opened does not at once disappear com- 
pletely. On the contrary, it diminishes very gradually in size, and mean- 
while it is not uncommon for the granulation masses to project like a fun- 
goid growth through the perforation in the conjunctiva. It requires months 
more for the tumor to disappear completely. 

Chalazion shares with the hordeolum internum its situation in the Mei- 
bomian glands, but is distinguished by the character of the process. Hor- 
deolum is an acute inflammation, which goes on to suppuration and is over 
in a few days. Chalazion is a chronic disease, which does not lead to sup- 
puration but to the formation of granulation tissue, and lasts for months 
or even years. 

Chalazion affects adults more frequently than children. Not infre- 
quently several chalazia are found at once in the same patient. A chalazion 
annoys the person who has it by the disfigurement it produces, and also by 
the condition of irritation which it keeps up in the eye. This condition of 
irritation is-partly the result of the chronic inflammation of the lids, partly 
the result of the mechanical injury done to the eyeball by the uneven and 
bulging conjunctiva covering the inner surface of the tumor. 


The older physicians considered a chalazion as a hordeolum which had become 
hardened—i. e., had not gone on to suppuration—a view which is still at present widely 
diffused among the laity. Others supposed that the chalazion was a simple retention 
cyst of the Meibomian glands, and analogous to the atheromata of the sebaceous glands. 
Such retention cysts do oecur, but they are rare, and are essentially different from 
chalazia. In a chalazion there is a peculiar chronic inflammation, which produces not 
pus but granulation tissue, and which is probably caused by a micro-organism differing 
from the ordinary pus cocci. Microscopic examination of a chalazion shows that first 
the epithelium of the acinus proliferates and an inflammatory infiltration is produced 
in the surrounding tissue of the tarsus. The latter process soon predominates, so that 
both gland acini and tarsus tissue ultimately are lost in the overgrowth of small cells 
(Fig. 288). This cell growth forms a soft tissue of the nature of granulation tissue, and, 
like it, containing giant cells. In the granulation tumor are found amorphous flakes 
representing remains of the inspissated contents of the acini; and it is inclosed without 
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by a capsule of connective tissue. The way in which the latier develops is that the tis- 
sue surrounding the growing tumor is continually compressed and condensed by it. 
Finally, the central portions of the granulation tumor, being very poor in vessels, break 


down by a sort of mucilaginous softening, so that a 
cavity filled with a turbid liquid forms in the center 
of the growth. 

Horner has called attention to the analogy be- 
tween chalazion and acne rosacea of the skin. In 
the latter subaceous glands play the same part that 
the Meibomian glands do in chalazion. 

In old chalazia, where perforation has not oc- 
curred, the entire contents sometimes are liquefied. 
The chalazia are then transformed into a sort of cyst 
with thick envelope and turbid, mucilaginous con- 
tents. Chalazia which develop on the excretory duct 
of a Meibomian gland assume a special appearance. 
They are situated near the free border of the lid, from 
which they project like a nipple, while on their pos- 
terior side they are flattened out by the counter- 
pressure of the eyeball. If they injure the eye 
mechanically, they are to be removed by albation. 

Sometimes a chalazion perforates the tarsus not 
behind but in front. Then the granulation tissue 
grows out into the subcutaneous cellular tissue and 
forms a soft flat tumor situated near the lid border 
and extending alongside of it. To this tumor (chal- 
azion externum) the skin, which shows a reddish or 
bluish discoloration, is adherent. The tumor remains 
To remove it we must incise 
the skin and curette out the soft tissue beneath. 

It not infrequently happens that persons who 
have never suffered from chalazia begin all of a 
sudden to have one after another. New chalazia 
keep developing at intervals of one or more weeks, 
manifesting their presence each time by renewal of 
the slight inflammatory symptoms. Finally, one or 
more chalazia are found in each of the four lids. In 
particularly bad cases actual degeneration of the lids, 
especially the upper, takes place. The lids are thick- 
ened, so that they can hardly be everted. In one 
case which I observed the lid had become a centi- 
metre thick. The skin of the lids forms nodular pro- 
jections, but can be displaced on its bed and is not 


Fig. 288.—CHALAZION. VERTICAL SEC- 
TION THROUGH THE Upper Lip. 
Magnified 4 X 1. 


The chalazion has developed in 
about the middle of the highest point 
of the tarsus, and, asit projects farther 
forward than backward, it produces a 
crooking, forward of the lid. The swell- 
ing consists of granulation tissues with 
giant cells, one of which is so large as 
to be actually recognizable with the 
naked eye in the section. It lies near 
the anterior wall of the larger one of 
the two cavities that have been pro- 
duced by mucilaginous softening of the 
granulation tissue. The growth is sur- 
rounded by a thin capsule. Upon its: 
anterior aspect it is covered by the 
skin of the lids, which is thinned, as 
can be seen from the way in which the 
cross section of the muscular bundles 
of the orbicularis are narrowed, The 
conjunctiva over the swelling, owing 
to papillary proliferation, is thicker 
and uneven. Above and below the 
swelling are unchanged acini of Meibo- 
mian glands. 


essentially altered. The conjunctival surface of the lids, on the contrary, appears un- 
even, nodular, and reddened, velvety in some spots, in others gray and translucent or 


perforated by sprouting granulations. 
disposed to suspect tarsitis or a neoplasm. 


In extreme cases of this sort we might at first be 
In operating upon such cases’we see that: 
_ the entire tarsus has disappeared in a spongy and partially softened granulation tissue. 


Treatment.—Quite small chalazia are best left alone. Larger chalazia 
are removed by an operation, in order to do away with the disfigurement 


and also with the irritation of the eye. 


[See § 825.] 
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3. Infarcts in the Meibomian Glands 


606. In elderly people we frequently see, upon everting the lids, small 
bright-yellow spots beneath the conjunctiva. These are the inspissated 
contents of the Meibomian glands, which accumulate in their excretory 
ducts or their acini and distend them. These infarcts usually cause no dis- 
turbance. But sometimes they are transformed by the deposition of lime 
salts into hard, stony masses (lithiasis) conjunctive®. These bulge the 
conjunctiva forward and even perforate it with their sharp edges, which then 
cause mechanical injury to the eye. In this case they must be removed from 
their bed, after an incision has been made in the conjunctiva, and thus be 
got rid of. 


The infarcts of the Meibomian glands should not be confounded with the much more 
frequently occurring concretions that develop within new-formed glands in the con- 
junctiva of the tarsus. These also appear under the guise of yellow spots, but are more 
superficial (see page 134). 

607. Affections of the Tarsus.—The tarsus is implicated not only in the diseases 
of the Meibomian glands, but also in those of the conjunctiva. This is particularly 
true of trachoma and of amyloid degeneration of the conjunctiva. In the former we 
can often feel, when we evert the upper lid, that the tarsus has become thicker and 
more unshapely. This depends upon its inflammatory infiltration, which subsequently 
leads to atrophy and distortion through cicatricial contraction, and which must there- 
fore be looked upon as the chief cause of trichiasis. In tarsal cartilages that have 
undergone this change, the Meibomian glands are also in great part found to be de- 
stroyed (see page 169). In amyloid degeneration of the conjunctiva the tarsus itself 
falls a victim to the same degeneration, so that it is transformed into a large, unshapely, 
friable structure (see page 207). 

There is a primary affection of the tarsus (tarsitis syphilitica) which occurs as 
a consequence of syphilis. This develops very gradually, and as a rule without any 
notable pain. When it has reached its acme we find one or both lids of the same eye 
greatly enlarged and the skin of the lid tense and reddened. Upon palpation we can 
convince ourselves that the cause of the enlargement lies in the tarsus, which can be 
felt through the skin as a thick structure of cartilaginous hardness and ungainly form. 
The swelling of the tarsus is usually so great that the lid ean no longer be everted. 
The enlarged tarsus consists, as is evident when it is cut into, of a lardaceous, bloodless 
tissue. The cilia upon the affected lid fall out, and the lymphatic gland in front of the 
ear upon the same side swells up. After the swelling has been for weeks maintained 
at the same height, it disappears very slowly again until the tarsus has reached its 
former volume, or has even, in consequence of atrophy, fallen somewhat below it. It 
takes several months for the disease to run all through its course. Tarsitis makes 
its appearance in the third stage of syphilis, and is accordingly to be looked upon as 
a gummatous infiltration of the tarsus [ef. page 662]. 


IV. ANOMALIES OF POSITION AND CONNECTION OF THE Lips 
1. Trichiasis and Distichiasis 
608. Trichiasis” consists in a distortion of the cilia, which, instead of 
looking forward, are directed more or less backward so as to come into con- 
tact with the cornea. This anomaly of position either affects all the cilia 


® From Acidos, a stone, 10 From @pcé, hair. 
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or only those which jut out furthest back; it may also extend over the 
whole length of the border of the lid, or be present over a part of it only 
(total and partial trichiasis). The inverted cilia are seldom normal, being 
for the most part stunted, and consisting of short stumps or of minute, pale, 
and scarcely visible hairs. 

Trichiasis causes a continual irritation of the eyeball, due to the action 
of the cilia; there are photophobia, lachrymation, and the feeling as if a 
foreign body was in the eye. The cornea itself suffers more considerable 
injury. Superficial opacities are produced in it, since the epithelium, in 
consequence of the constant irritation, undergoes a sort of callous thicken- 
ing, and thus in a way protects the cornea against the effect of the external 
injury. In other cases deposits like pannus, or ulcers of the cornea are 
formed. It not infrequently happens that persons are tormented by fre- 
quent recurrences of corneal ulcers, until at length the physician discovers 
one minute cilium which is-directed against the cornea, and which has been 
the cause of the formation of the ulcers. 

The most frequent cause of trichiasis is trachoma (page 175). The 
conjunctiva, which in the regressive stage of trachoma undergoes cicatricial 
shrinking and contracts, tends to draw the skin of the lid backward over 
the free border of the latter, and thus puts the cilia more and more in a false 
direction. At first the most posterior cilia, afterward the anterior rows, too, 
are turned backward. The distortion of the tarsus acts to produce the 
same effect. Owing to this distortion, that portion of the tarsus which 
adjoins the free border of the lid bends off at an angle from the rest of the 
cartilage and is turned backward (t, Fig. 48 B), and in so doing it draws 
with it the covering of the free border of the lid which is firmly attached 
to it. 

Partial trichiasis, in which only some of the cilia are turned backward, 
develops in consequence of scars which have been left upon the free border 
of the lid or in the conjunctiva by blepharitis, hordeolum, diphtheria, burns, 
operations, etc. 

Under the name of distichiasis“ is designated the condition in which, 
the lids being otherwise normally formed, there are two rows of cilia, one of 
which looks forward, and the other, which is usually less perfectly devel- 
oped, is situated directly at the posterior edge of the lid and is directed 
backward. This condition occurs as a rare congenital anomaly, and is some- 
times present in all four lids. 


The term distichiasis is employed by most authors not only for the condition in 
which there are congenitally two rows of cilia, but also the acquired anomaly of 
position due to trachoma, when simply the posterior rows of cilia are set backward, 
while the anterior are still directed forward. But this condition is identical in its nature 
with trichiasis proper, and differs from it only in degree. At the commencement of 
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the cicatricial contraction the rows of cilia are first drawn apart; then the posterior, 
and last of all the anterior row are turned backward. Accordingly, distichiasis is 
developed first and trichiasis afterward, and a sharp line of distinction cannot be 
drawn between the two. I hence prefer to use the expression trichiasis for this condition 
in all its phases, and to confine the term distichiasis to the congenital cases in which 
two regular series of cilia are present. Then trichiasis and distichiasis really denote 
two perfectly distinct conditions. 

609. Treatment.—When only a few of the cilia have an improper posi- 
tion they can be removed by epilation. Inasmuch as they grow again, epi- 
lation must be repeated at intervals of a few weeks—a thing which can very 
often be attended to by the patient himself or his relatives. It is still better 
to employ a method in which, with the performance of epilation, the follicle 
of the cilium is at the same time destroyed, so that the cilium does not grow 
again. The best procedure for this purpose is electrolysis (see § 828). When 
quite a large number of the cilia or all of them are directed toward the 
eyeball, epilation is not suitable; in that case these methods are indicated by 
means of which the cilia are brought to their proper position by a shift- 
ing of the place in which the hair bulbs are implanted (see § § 827-834). 


2. Entropion 


610. Entropion” is a rolling inward of the lid. Trichiasis affects sim- 
ply the lid border, of which both the shape and the position are faulty. In 
entropion the shape of the lid border may be normal, but the lid border as 
a whole is revolved back so as not to be visible at all when the open eye is 
seen from in front. Hence, to get a view of the border of the lid we have 
to roll the lid out again by pulling it toward the margin of the orbit. How- 
ever, the dividing line between trichiasis and entropion is not a sharp one, 
and the evil consequences of the two are the same. 

According to their etiology we distinguish the two following varieties 
of entropion: 

(a) Entropion Spasticum is that form which is produced by the con- 
traction of the orbicularis. The fibers of the palpebral portion of the orbic- 
ularis (see page 650) describe ares having a curvature in two different 
directions. One sort of curvature is due to the fact that the muscular fibers 
encircle the palpebral fissure; the concavity of these ares accordingly looks 
toward the palpebral fissure and is directed downward in the upper lid, 
upward in the lower. The second variety of curvature is eaused by the fact 
that the muscular fibers in conjunction with the lids are molded tothe ante- 
rior convex surface of the eyeball; the coneavity of these ares looks back- 
ward in both lids. When the fibers of the orbicularis contract, they tend to 
shorten from the form of an are to that of its chord. In so doing they exert 
a double action: by the flattening out of the first set of curves they narrow 
the palpebral fissure; by the flattening out of the second set they press the 
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lids against the surface of the eyeball. Either component may lead to inver- 
sion of the tarsus, if the character of the subjacent structures is such as to 
give rise to this condition. By the action of the orbicularis in the sense of 
the first component, the lids are forcibly opposed to each other by their 
narrow edges when the palpebral fissure is being closed. We may conceive 
of the two tarsi as represented by two visiting cards, standing one over the 
other in the same vertical plane, so that the lower edge of the upper rests 
upon the upper edge of the lower, and the edges of the two are forcibly 
opposed. Then slight pressure with the finger upon the line of contact of 
the two edges suffices to produce inversion of the cards in a sense opposite 
to that in which the pressure is made. In like fashion the opposed tarsi 
bend forward or backward, according as the subjacent structures either tend 
to press them forward or, on the other hand, fail to afford them a sufficiently 
firm support. Much more important, however, for the production of a 
change of position in the lids is the second component, in accordance with 
which the fibers of the orbicularis press the lid against the eyeball; for the 
lids are in perfect contact with the eyeball only so long as the latter fur- 
nishes them a uniform bed to lie upon. When then, owing to lack of uni- 
formity in the bed, either the free or the attached border of the tarsus 
receives insufficient support posteriorly, a bending of the tarsus results in 
the sense either of an entropion or an ectropion. 

The stronger the contraction of the fibers of the orbicularis in general, 
the more readily will the mechanical causes mentioned lead to an alteration 
in the position of the lids. And from what has been said it is easy to under- 
stand that there is a spastic ectropion as well as entropion; it depending 
upon the mechanical conditions above described and also upon other cir- 
cumstances (especially upon the character of the skin of the lids) whether 
blepharospasm causes the lids to bend forward or backward. 

For an entropion to develop, two conditions are necessary: Deficient 
support of the free border of the lid, and an abundant amount of extensible 
skin upon the lid. The former condition obtains when the eyeball is want- 
ing; entropion spasticum, therefore, develops above all when the orbit is 
empty. For entropion to develop, however, it is not necessary for the eye- 
ball to be entirely absent; it is sufficient that it should be diminished in size, 
or should simply be situated more deeply in the orbit, as it is in the old and 
lean. Again, when the border of the lid is rolled inward, the skin of the lid 
is drawn after it. If this is prevented an entropion cannot develop. If the 
entropionized lid is put back in place, and then the skin of the lid is drawn 
a little up toward the margin of the orbit and fixed there by pressure, the 
rolling in again of the lid is rendered impossible. Entropion spasticum, 
therefore, does not usually develop in persons having firm and elastic skin 
upon the lids, but requires the presence of a large amount of wrinkly, read- 
ily displaceable skin, such as we meet with in old persons. 
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Ik is cles thst the rollimg im of the Ids is favored when the fibers of 
the orbicularis are very forcibly comtracted, as in blepharospasm, and also 
whem the pressure with which the muscular bundles of the orbieularis are © 
squeezed agsimst the border of the lid is aggravated by an external pres-— 
< sare—i. e_ by a bamdsge. Similarly blephsarophimosis acts to favor the 
devclapment of extrepiam, sine 3 Grams the skin torseed the fies hate, 
of the bi 

LE we semarize what bss just been said. it follows that entropion 
spasticum develops mainly im elderly people with fisbby lds, and that its 
production is favered by deep placing. diminution m size, or absence of the 
eveball. by the existemee of s blepharospasm or a blepharophimosis, and by 
the wearing of s bandage. For the ssi-named reason entropion is a fre- 
2s quent and unpleasant complicstion during the aftertreatment of cataract 
operations where the patients are elderly people whose eyes have to be kept 
bamdaged for quite a long time. 

Emiropion spasticum is almost invariably found to be restricted to the 
lower ed. 

(b) Eudrepien Cicaticeum is caused by the cicatricial contractionof the 
conjunctiva by means of which the free border of the lid is drawn inward. 
Tt may be said to form one step further on the way upon which trichiasis 
has started. Like the biter, this condition is obcerved after trachoma, 
diphtherts, pemphigus. burns of the conjunctiva, ete- 

The ireatmeni of entropion is either with or without operation. In 
entropaon spasticum which has formed beneath a bandage, the discontiu- 
smce of the litter is often all that & required. If we are compelled by 
important reasons to contimue the bandage. we place upon the lower lid In 
the neighborhood of the margm of the orbit a roll of adhesive plaster, which 
is kept pressed agsimst the ld by the bandage. This procedure depends 
upon the observation that the entropionized lower lid takes a correct posi- 
tion spontsmeousily when we press back with our fingers that portion of it 
which lies next to the margm of the orbit. Another method of exerting a 
constant pressure of this sort consists in fastening a narrow strip of a good 
sticky adhesive plaster to the lid throughout its entire length; the strip bemg 
placed about in Ime with the lower margin of the orbit and beg drawn 
quite tight. [We may ako evert the ld and try to hold it in place with 
collodien —D_) 

lf entropion is due to absence of the eyeball, we enjoin the wearing of 
an artificial eye. 

If we cannot attaim our object by bloodless measures, we must then 
proceed to the performance of an operation (see § $37). 
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3. Ectromon 


611. Ectropion consists in the revolution of the lid outward, athe 
its conjunctival surisee looks forward. It is, therefore, the opposite of 
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entropion. There are different degrees of ectropion. The lowest degree is 
that in which the internal margin of the lid stands orf a little from the eye- 
ball (eversion of the border of the lid). Even this very slight degree, how- 
ever, bears within itself the conditions for its own increase. With the eversion 
of the border of the lid there is also associated eversion of the puncta, in 
consequence of which epiphora develops, and by this a contraction of the 
skin of the lower lid and hence an increase of the ectropion are produced. 
Ectropion may present all degrees up to complete eversion of the entire lid. 
The consequences of ectropion are epiphora and also redness and thickening 
of the conjunctiva wherever it is exposed to the air. The hypertrophy of 
the conjunctiva may reach such a high degree, especially if this membrane 
has already been considerably altered (by gonorrhceal conjunctivitis or by 
trachoma), that the conjunctiva looks like exuberant ‘‘proud”’ flesh (wound. 
granulations), whence the old designations ectropion luxurians (or sarco- 
matosum). In marked ectropion the cornea is incompletely covered by the 
lids, so that keratitis e lagophthalmo is set up. 

According to differences in their etiology the following kinds of ectro- 
pion are distinguished: 

(a) Ectropion Spasticum. It was shown, in speaking of entropion, that 
the lids ean be bent by blepharospasm, and that the direction in which 
they are bent depends upon the mechanical relations of the individual parts. 
In ectropion these conditions are the direct opposite of those which we have 
found to be the causes of entropion. They consist partly in the displace- 
ment forward of the tarsal portion of the lid, and partly in a firm, elastic 
character of the skin of the lid, by virtue of which the palpebral border is 
drawn toward the margin of the orbit. We often have the opportunity 
to observe the effect of a traction of this sort when we try to open the pal- 
pebral fissure in a child with swollen lids and with blepharospasm. As soon 
as we draw the lids apart they become spontaneously everted, and in such 
cases if we should not carefully put the lids back in place we might readily 
set up a permanent spastic ectropion; for the peripheral bundles of the pal- 
pebral portion of the muscle contract spasmodically behind the everted tar- 
sal portions of the lid, and maintain them in their faulty position. Then 
the everted lids swell up, because they become congested and this swelling 
renders their reposition the more difficult the longer the condition lasts. 
Inasmuch as a certain degree of tension of the skin of the lids is requisite 
for the development of spastic ectropion, this condition is found principally 
in children and young persons. 

The second condition mentioned above for the development of ectropion 
is the forcing of the edge of the lid away from the eyeball so that eversion of 
the tarsus is facilitated. It occurs mostly as a result of thickening of the con- 
junctiva, particularly when due to gonorrhceal conjunctivitis and trachoma. 
However, the eyeball itself may force the lids so far forward that they be- 
come ectropionized, as is the case in enlargement or protrusion of the eye. 
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The two predisposing causes above mentioned will be the more likely 
40 induce eversion of the lid, the greater the blepharospasm present. 

From what has been said, it follows that ectropion spasticum is particu- 
larly apt to occur in young persons who at the same time suffer from inflam- 
mation of the conjunctiva with swelling of the latter and with coincident 
blepharospasm. Ectropion spasticum frequently affects the upper and 
lower lids simultaneously. 

(b) Ectropion Paralyticum arises as a result of paralysis of the orbicu- 
laris. The lids are then no longer kept pressed against the eyeball by the 
contraction of the fibers of the orbicu- 
laris, and thus the lower lid sinks 
down of its own weight. For this 
reason ectropion paralyticum is found 
only in the lower lid; the upper hd, 
because of its weight, remaining ap- 
plied to the eyeball even when there 
is no action of the muscle. In con- 
junction with drooping of the lower 
Fig. 289.—Ecrrorion with LAGOPHTHALMUS. lid there is inability to lift it. Conse- 


This developed as a result of a cured caries of 2 P ; So : 
the upper and lower meen of the orbit. Beneath quently the palpebral fissure cannot 


ld isdrewn bye cet Lem long toward the upper D Perfectly shut (lagophthalmus). 

Hine oc Rater ot tha tale hence capes ope (c) Ectropion Senile also is found 
qudnee; (he Hdl @ prevented Gom gemme down OlLY ai the lower id (nig. 2y kyo aes 
outer end af the lower margin of the orbit, ‘Thig WAY it develops is that in old people 
tttoueh the latter ene can feel that, here there ig tHe lower lid is relaxed in all its parts 
smooth margin of the orbit. ‘The border of tre ud @NA is pressed with insufficient force 
quently the whole lid is drewn outward and down. ©@ainst the eyeball by the enfeebled 


ward. This is especially the case at its outer half, ac ee x hebperniiarma nee 
so that here the conjunctiva of the tarsus, being fibers ot the oO! bicular Is, Another fac 


exposed to the air, is particularly hypertrophied . ot, sy 1a] ex 46 
and reddened,. and hence appears dark in the tor that here comes into play is the 


drawing. The lower lid, being fastened down, ahr 1? pate : " ] atitre 
cannot be raised when the eye is shut. Hence chronic catarrh of the conjunctl a 


between the two lids the lower part of the cornea (catarrhus senilis) which is so fre- 


remains uncovered even during sleep, This un- 
covered portion presents an oblong uleer with quent in old people 


yellowish-white border and a depressed and there- 

fore somewhat darker center. Above and below, ikewise » to € > 

an areolate gray cloudiness adjoins the yellow Likewise due to enfeeblement of 
border of the ulcer. the action of the orbicularis is the 


ectropion of the lower lid, that occurs when the lid has been divided in a 
vertical direction at any spot, or when the external commissure has been 
destroyed, so that continuity of the orbicularis is interrupted somewhere. 
(d) Ectropion Cicatriceum develops when some part of the skin of the 
lid has been destroyed and has been replaced by sears so that the lid is 
contracted. Injuries (particularly burns), ulcers, gangrene, excision of the 
skin in operations, ete., may give rise to it. Eetropion frequently develops 
as a sequel to caries of the orbit in serofulous children (Fig. 289). Here, in 
addition to the contraction of the skin of the lid, its fixation to the osseous 
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cicatrix upon the margin of the orbit is of moment, and with this there is 
associated marked retraction of the skin. So also ectropion is set up by the 
contraction of the skin and the loss of its elasticity that result from the 
eczema which occurs in connection with the continual wetting of the skin 
of the lids by the tears or from various other causes. Ectropion is therefore 
frequently found in conjunction with a blepharitis of long standing and with 
disorders of the conjunctiva and the lachrymal sac. 

Non-operative treatment is successful mainly in ectropion spasticum. 
It consists in putting the lid back in place and keeping it pressed against 
the eyeball by a well-fitting bandage. In ectropion paralyticum we must 
employ, besides the bandage, the remedies indicated for the cure of facial 
paralysis, particularly electricity. Ectropion senile is curable without an 
operation only as long as it has not reached any very high degree. For 
quite a long space of time the eye must be bandaged at night, and the 
patient must be told, when wiping away the tears that flow down over his 
cheek, to apply his handkerchief from below upward, and not, as is ordi- 
narily done, from above downward, a procedure by which the lid is drawn 
down only so much the more. It is, furthermore, advisable to slit up the 
inferior canaliculus in order to diminish the epiphora due to the eversion of 
the punctum. The higher degrees of ectropion, and particularly ectropion 
cicatriceum, require treatment by operations of one kind or another, for 
which see § § 838-841. 


4. Ankyloblepharon 


612. Ankyloblepharon™ consists in an adhesion of the upper to the 
lower lid along the palpebral margin (Fig. 
290). It is either partial or total, and is very 
often combined with an adhesion between the 
lid and the eyeball, or symblepharon. It also 
has a common etiology with the latter; it 
originates, that is, when, as a result of burns, 
ulcers, etc., the borders of the two lids are = y¢. 290. AwxyLoBLEPHARON. 
converted into raw surfaces at opposed points , This occurred as the result of an 


injury from a splinter of glass. After 


and so become adherent. the injury, the patient without call- 


ing in any medical aid kept the eye 


Through ankyloblepharon the palpebral bandaged for some time. At a the 


margin of the upper lid is adherent to 


fissure is diminished in size, and the move- the margin of the lower, and over an 


area corresponding to this adhesion 


ments of the lids are hindered; in total ankylo- the cilia are absent. To the temporal 


side of the site of adhesion, a small 


blepharon there is complete occlusion of the portion of the palpebral fissure has 


been preserved as far as the oes 

Q A 6 nt rhe re angle of the eye. Hence in this case 

palpebral fissure. The treatme nt, bie hen we simple division of the bridge would 
are dealing with simple ankyloblepharon with- suffice to remove the ankyloblepharon. 
out coincident symblepharon, consists in separating the adherent lids by 


an operation. If the adhesion extends as far as the angle of the lid, the 


18 From dy«van, a stiff limb [or a thong, and Br¢eapor, eyelid]. 
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latter must be supplied with a lining of conjunctiva, as otherwise the 
adhesion would form again, starting from the angle. In the cases in 
which symblepharon is present along with the ankyloblepharon, it depends 
mainly upon the extent of the former whether an operation is practi- 
cable at all or not. 


5. Symblepharon (see page 217) 


6. Blepharophimosis 


613. In blepharophimosis" the palpebral fissure appears to be con- 
tracted at the external angle of the eye (Fig. 291). Upon drawing the lids 
apart we see that the contraction is produced by a fold of skin which extends 
in a vertical direction at the external angle of the eye and juts out in front 
of it like a sliding screen. If we draw the fold of skin outward, we disclose 
behind it the normally formed external pal- 
pebral angle with the delicate hgament uniting 
the borders of the two lids. The distinction 
between ankyloblepharon and blepharophi- 
mosis, two conditions which are commonly 
confounded, is therefore as follows: In anky- 
loblepharonthe borders of the lids are adherent 
to each other, but in blepharophimosis they 
are normal, and the contraction of the palpe- 
bral fissure is only apparent, being caused by 
the drawing of a fold of skin over its outer 
extremity. 

Blepharophimosis most frequently 


Fie, 291.—BLErHAROPHIMOSIS 
Ecrrorion SENILE. 


The ectropion as is usually the case, 
is more marked in the nasal than in 
the temporal portion of the lid, be- 
cause in the former the contact of the 
lower lid with the upper is interrupted 


AND 


1S 


by the horseshoe-shaped notch at the 
inner angle of the eye. Moreover in 
the present case the blepharophimosis 
counteracts the drooping of the lid 
at the outer angle. 


flammations of the conjunctiva. 


found in persons who suffer from epiphora 
and blepharospasm of long standing—that 
is, it is especially met with in chronic in- 
It originates in a contraction of 


the skin of the lids due to their being frequently wet with the tears 
or with secretion. If this contraction is particularly marked in a hori- 
zontal direction, the skin from the adjacent part is drawn up so as to pro- 
ject over the palpebral fissure on the temporal side like a sliding screen. 
‘This effect is re-enforced by the action of the fibers of the orbicularis, 
which in blepharospasm draws the skin on the outer side of the face in 
toward the external angle of the eye. We can artificially imitate blephar- 
ophimosis by pushing the skin from the temple over the palpebral fissure 
with our fingers; and conversely can make an existing blepharophimosis 
disappear by drawing the skin out toward the temple. Blepharophimosis 
is ordinarily not found at the inner angle of the eye, because the adjoining 
skin of the bridge of the nose is not so readily displaced, although in old 


M4 From Bdéhapor, lid, and @(uwors, contraction, from ¢inos, a muzzle. 
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persons with thin skins a projecting fold of skin is sometimes formed here 
too. 

Blepharophimosis accordingly, like that form of ectropion which occurs 
in connection with chronic catarrh, epiphora, ete., owes its origin to a con- 
traction of the skin of the lid. The difference between the two lies in the 
fact that, in the first case, the contraction makes itself apparent chiefly in 
the horizontal direction; in the second case, in the vertical direction. Ble- 
pharophimosis and ectropion, therefore, as originating from the same cause, 
may be both present at the same time (Fig. 291). That this in general is 
but rarely the case is due to the upward traction which the vertical fold of 
the skin forming the blepharophimosis exerts upon the lower lid and which 
opposes the eversion of the latter. For this reason, indeed, blepharophi- 
mosis really favors the development of an entropion, which in such cases 
can often be cured simply by the abolition of the blepharophimosis. An- 
other consequence of blepharophimosis is the contraction—to be sure, an 
apparent one only—of the palpebral fissure, which conseqyently cannot be 
opened as wide as usual. 

Blepharophimosis, at least in young persons with elastic skin, may 
gradually disappear of itself, provided its causes (epiphora, blepharospasm) 
have ceased to act. If it does not appear spontaneously and if it causes 
any trouble, it may be removed by widening the palpebral fissure by means 
of canthoplasty (see § 835). 


7. Lagophthalmus 


614. By lagophthalmus” is meant an incomplete closure of the palpe- 
bral fissure when the attempt is made to shut the lids together. In the 
lesser degrees of lagophthalmus complete closure of the palpebral fissure is 
still possible by squeezing the lids tight; but since during sleep there is no 
such squeezing of the lids, but only a gentle closure of them, such patients 
sleep with their eyes open, and from this the disease derives its name. In 
the higher degrees of lagophthalmus it is no longer possible for the patients 
to bring the lids into contact even by forcible squeezing. 

The evil consequences of lagophthalmus depend upon the harm which 
the eyeball suffers from being insufficiently covered. What part of the eye- 
ball is it that remains uncovered by the lids in lagophthalmus? If we tell 
a patient with a slight lagophthalmus to shut his lids tightly together, we 
see that the borders of the lids remain separated some millimetres from each 
other, and that between them there lies the part of the sclera that is below 
the cornea, but not the cornea itself. The reason for this is that at the same 
time that the lids are shut the eye is turned upward, so that the cornea is 
concealed beneath the upper lid. The same is the case during sleep. 
Hence the only part of the conjunctiva sclere that is constantly exposed to 


18 I. e., hare’s eye, from Aayss, hare, because it was believed that hares sleep with their eyes open. 
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the air is that situated below the cornea. As a result of this exposure it is 
injected, and the patient suffers from the symptoms of a chronic conjunc- 
tival catarrh. In the higher degrees of lagophthalmus the cornea, too, Isseen 
to lie in the slit which remains open when the lids are closed together; and, 
because the cornea is turned upward, it is the lower part of it that is found 
there. Lagophthalmus but seldom reaches a degree such that the cornea 
remains completely uncovered. 

The cornea may suffer in two ways from being covered insufficiently; 
either its surface dries up wherever it is constantly exposed to the air, and 
keratitis e lagophthalmo ensues (see page 277 and Fig. 289); or the cornea 
protects itself against the exposure by a change in its epithelium which 
becomes thicker and epidermoid, so that the deeper layers of the cornea are 
preserved from desiccation (xerosis of the cornea, see page 219). But as 
opacity both of the epithelium and of the cornea itself is associated with 
this process, the sight is thereby prejudiced. In any case, therefore, vision 
is endangered in lagophthalmus if the latter is so considerable that the cor- 
nea is no longer sufficiently covered. Another result of lagophthalmus is 
epiphora, since complete closure of the lids is requisite for the normal con- 
duction of tears into the nose. 

The causes of lagophthalmus are: 1. Narrowing of the lids. This is in 
most cases caused by the loss of a portion of the skin of the lids in conse- 
quence of burns, ulcers (particularly lupus), operations, etc. Less frequent 
are the cases of congenital narrowness of the lids. These are characterized 
by the fact that the palpebral fissure still remains open a distance of some 
millimetres when the lids are shut tightly together, and that, nevertheless, 
no signs whatever are present of loss of the skin of the lids under the form 
of scars. In these cases the symptoms of a chronic blepharitis ulcerosa are 
often present. 2. Ectropion. 8. Paralysis of the orbicularis. 4. Constant 
patency of the eyes, occurring in persons who are very ill or who are uncon- 
scious, and due to a reduction of the sensitiveness of the cornea, so that the 
reflex acts of winkingand of shutting the eyes are no longer initiated. 5. En- 
largement or protrusion of the eye, so that the lids, in spite of being nor- 
mal in size and mobility, are unable to cover it completely. Under this head 
should be specially mentioned Basedow’s disease, in which the lagophthal- 
mus is bilateral, so that bilateral blindness sometimes occurs as a result of it. 

The treatment of lagophthalmus consists first of all in regarding the 
causal indication—i. e., in the removal of those conditions which prevent 
the complete closure of the lids. Under this head belong the remedying of 
contraction of the lids by blepharoplasty, the cure of ectropion, the treat- 
ment of facial paralysis, ete. Until we have succeeded in getting rid of the 
lagophthalmus, for which often quite a long time is required, the eye must 
be protected from its ill effects. This is accomplished by closing the palpe- 
bral fissure artificially with a bandage. For this purpose we first bring the 
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borders of the lids into perfect apposition, and keep them so by strips of 
sticking plaster which are attached vertically across the lids; over this is 
applied an ordinary protective bandage with dry cotton. In the lighter 
cases it is sufficient to apply this bandage at night, since then the danger 
of desiccation of the cornea is the greatest, and during the day the act of 
winking suffices to keep the cornea moist. But in the higher degrees of lag- 
ophthalmus, or in cases in which the cornea is already attacked, the bandage 
must be worn constantly. When the lagophthalmus is so great that the 
margins of the lids no longer come near touching and cannot be kept in con- 
tact by a bandage, we may give up the attempt to cover the cornea and 
simply keep it from drying by making a moist chamber. For this purpose 
we cover the eye with a watch-glass, the edges of which are fastened down 
tight by plaster to the circumference of the orbit. At some point in the 
concavity of the watch-glass is placed a little cotton wet with water. 
Because of the warmth of the eye the water evaporates, so that the air 
between the watch-glass and the eye is kept constantly moist. 

In those cases in which the removal of the cause of the lagophthalmus 
is impossible, or is likely to require a very long time (as, for example, in 
the cure of a case of Basedow’s disease), it would be disagreeable for the 
patient to have to wear a bandage for so long a time—a year or so. For 
these cases tarsorrhaphy (see § 836) is advisable. By this the palpebral fis- 
sure is abbreviated and the borders of the lids are brought nearer each other, 
so that the closure of the eye is facilitated. 


VY. DiIsEASES OF THE PALPEBRAL MUSCLES 


1. Orbicularis 


615. (a) Spasm of the Orbicularis (Blepharospasm"). This manifests 
itself by a squeezing of the lids tightly together. It is either a symptom 
accompanying other diseases of the eye (symptomatic blepharospasm), or 
it forms a distinct disease by itself (essential blepharospasm). 

Symptomatic blepharospasm accompanies all irritative states of the eye, 
and is hence found in conjunction with the presence of foreign bodies in the 
conjunctival sac, with trichiasis, with themost various forms of inflammation 
of the eye, when an intense amount of light falls on the eye, etc. The vio- 
lence of the blepharospasm is by no means in direct proportion to the sever- 
ity of the disease of the eye, so that no sort of conclusion can be drawn 
from it with respect to the violence or the duration of the ocular affection 
that lies at the root of it. It often renders the examination of the eye 
extremely difficult. Blepharospasm is usually most violent and most obsti- 
nate in conjunctivitis eczematosa. It reacts unfavorably upon the eye 
trouble; moreover, it often leads to cedema of the lids, to blepharophimosis, 
and to spastic ectropion and entropion. The treatment of symptomatic 


16 From BAepapov lid, and omav, to draw tight. 
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blepharospasm consists in the removal of the ocular disease which lies at the 
root of it (cf. page 202). 

Essential blepharospasm is distinguished from the symptomatic variety 
by the fact that in it the eyes themselves are found to be perfectly normal. 
In young persons, particularly of the female sex, it manifests itself by the 
eyes’ suddenly shutting up and then remaining closed as if in sleep (bleph- 
arospasmus hystericus). In elderly people blepharospasm (blepharospasmus 
senilis) appears either under the form of clonic spasm—i. e., continual wink- 
ing (nictitatio!” )—or as a tonic spasm by which the eyes are kept tightly 
closed for a length of time. Essential blepharospasm is extremely annoying 
to the patient; indeed, in severe cases it has, as far as he is concerned, almost 
the same results as a real blindness, since the patient cannot make use of 
his eyes when they are shut. Hysterical blepharospasm in time disappears 
of itself, while senile blepharospasm resists treatment for a long time, and 
sometimes, indeed, is absolutely incurable. 


In hysterical blepharospasm both eyes shut up suddenly and usually without 
any known cause. It may take some hours, but it may also take days and even months 
before the eyes open again, which they do, and just as suddenly. Such attacks may 
be repeated quite often, and may also vary greatly in their duration. The spasm 
almost always affects both eyes; once only have I seen a unilateral hysterical bleph- 
arospasm. Other symptoms of hysteria are often present coincidentally with the bleph- 
arospasm. In a young girl who suffered with blepharospasm of this sort, and whom I 
had already treated in vain with different remedies, I was finally successful in relieving 
the blepharospasm by means of asingleinstillation of cocaine; but a few minutes after the 
girl had opened her eyes both legs became paralyzed, and remained so for several days. 

In the examination of patients with hysterical blepharospasm it is often possible 
to find so-called pressure points—i. e., portions of the body upon which we simply 
have to press for the eyes to open as if by magic (Von Graefe). In the majority of 
cases the pressure points lie in the region supplied by the trigeminus as at the place 
of exit of the supra-orbital and infra-orbital nerves at the upper and lower margins 
of the orbit. But often these points are more difficult to find, being situated, for ex- 
ample, in thé cavities of the nose, the mouth (when there are carious teeth), or the 
throat; sometimes the pressure points are not found in the region supplied by the branches 
of the trigeminus at all. Thus cases occur in which the blepharospasm ean be made to 
disappear by pressure upon one of the costal cartilages or the vertebre, or upon some 
spot of the arm or leg, etc. Often the patient himself calls the physician’s attention 
to the position of the pressure points, the knowledge of which he has already utilized 
for his own relief. The most frequent cases are those in which the patient allays the 
blepharospasm by pressure upon the forehead, a pressure which acts upon the branches 
of the supra-orbital nerve. Young men wear a hat with a stiff crown which they press 
down hard upon their face; girls tie a ribbon tight about their head. But as soon as 
the pressure ceases—e. g., by taking off the hat—the eyes shut together again. In many 
cases the diversion of the attention to other things suffices to temporarily relieve the 
blepharospasm. 

The form of hysterical blepharospasm, in which the eyes remain quietly closed 
without any apparent spasm, presents a great similarity to ptosis. We can, however, 


17 From nictare, to wink. 


a a oe 


DISEASES OF THE LIDS 689 


readily recognize it to be a spasm if we try to open the eye by lifting the upper lid; 
for we then feel the resistance that the orbicularis offers to the opening of the eye. 
As indicative of the contraction of this muscle, we see that the skin of the forehead 
is thrown into vertical wrinkles, and that the eyebrows are lower than usual. In ptosis 
the skin of the forehead, owing to the contraction of the frontalis, shows horizontal 
wrinkles, and the eyebrows are somewhat higher than usual (Fig. 292). In the normal 
state the situation of the eyebrows corresponds to the upper margin of the orbit. 

[Some cases of hysterical blepharospasm have been caused in the present war 
by shell explosions.—D.] 

Senile blepharospasm is often only one of the symptoms of a general spasm of the 
face (tic convulsif). Of the two forms of this spasm the clonic variety is the less dis- 
agreeable for the patient, because sight is but little interfered with by the constant 
winking. In tonic spasm the eyes shut suddenly and remain spasmodically closed 
for some minutes. If the patient is attacked by this spasm in a crowd, or while cross- 
ing the street, or under other such conditions, he is helpless and exposed to the like- 
lihood of an accident. In senile blepharospasm, too, there are frequently pressure 
points which influence the spasm. 

Just as the normal act of winking is set up in a reflex way by irritation of the 
terminal extremities of the trigeminus upon the surface of the eyeball, so, too, blepharo- 
spasm is in most cases of reflex nature. This is beyond doubt the case in symptomatic 
blepharospasm, in which the irritation of the trigeminus due to a foreign body, to in- 
flammation, etc., is obvious. But besides this, a reflex action starting from the trigem- 
inus must be assumed to exist in many cases of essential blepharospasm also. A proof 
of this is the fact that pressure upon branches of the trigeminus so often abrogates the 
blepharospasm, and that at the same time the pressure points themselves are often sen- 
sitive to pressure. Treatment has therefore the greatest prospect of success in those cases 
in which it is possible to find pressure points, as then we can attack directly the start- 
ing point of the reflex action. This is done by applying the galvanic current to the 
pressure points, or by injecting morphine at these spots. In a girl in whom pressure on 
the vertex relieved the blepharospasm the repeated inunction of an ointment (veratrine 
ointment) upon this spot sufficed to do away with the spasm. If no pressure points are 
discoverable, we must think of the surface of the eyeball itself as a source of the reflex 
action, and may try to render this insensitive by cocaine. It is probable that senile 
changes in the facial lie at the root of senile blepharospasm, and hence the outlook for 
a cure is small. We must try the galvanic current (anode in front of the lobe of the ear 
on the trunk of the facial, cathode on the nape of the neck). In addition we employ the 
remedies used against neuroses in general. Schloesser recommends the injection of alco- 
hol along the trunk of the nerve at its point of exit from the stylo-mastoid foramen. Of 
operative measures that may be mentioned are stretching or resection of those branches 
of the trigeminus from which the reflex emanates and stretching of the trunk of the 
facial. It is only in senile blepharospasm that such heroic remedies will be adventured 


“upon, as hysterical blepharospasm always passes off of itself in the course of time. 


Children of from eight to fifteen years are frequently brought by their parents 
to the physician on account of a habit of continual winking. This happens not infre- 
quently during the occurrence of a slight conjunctivitis and keeps on independently 
after the latter has been relieved. For the most part, in this case we have to deal with 
rather anzemic and nervous children. This affection—frequently attributed to bad- 
ness by the parents—usually passes off of itself after some time. 

Repeated fibrillary contractions of single bundles of the orbicularis, which are 
appreciated by the patients themselves, occur very frequently in perfectly healthy 
persons with normal eyes. No sort of significance is to be attributed to them. 
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616 (b) Paralysis of the Orbicularis—If the case is one of recent paral- 
ysis, no changes are noticed while the eye is open; but if the patient has 
cause to shut his eye, it is apparent that the closure is but incompletely 
performed, because the lower lid cannot be lifted properly. This is par- 
ticularly striking in the inner half of the lid. In consequence of the Incom- 
plete closure of the lid there is epiphora, which in light cases often consti- 
tutes the only complaint the patient makes. After the paralysis has lasted 
quite a long time further changes set in. The lower lid falls away from the 
eyeball and keeps drooping lower and lower all the time (ectropion para- 
lyticum). The cornea during sleep is exposed to desiccation in its lower- 
most part, so that keratitis e lagophthalmo develops. 

Paralysis of the orbicularis is caused by an affection of the facial nerve 
which innervates it. A lesion of the facial nerve may have either a central 
or a peripheral situation. In the former case it is located in the course of 
the nerve fibers extending from the cortex of the brain to the point where 
the nerve comes out at the posterior border of the pons, in the second case 
is located in the nerve trunk itself. In the case of a lesion situated above 
the nucleus (supranuclear lesion) and paralysis chiefly affects its oral 
branches, while the orbicularis is usually normal. Hence, in a paralysis of 
this muscle we have ordinarily to do with a lesion of the nerve in the nucleus 
itself or below it. Most frequently we have to deal with a so-called rheu- 
matic paralysis, the real cause of which is unknown; but the paralysis may 
also be caused by injury (particularly fractures of the base of the skull and 
operations in the region of the parotid gland [and middle ear]), by caries of 
the petrous bone, by tumors, and by syphilis. The rheumatic paralyses of 
the orbicularis give a favorable prognosis, but even in them several months 
are required before the cure takes place. 

The treatment must first of all endeavor to remove the cause of the 
paralysis. Symptomatic treatment consists mainly in the application of the 
electric current, both constant and induced. As long as the closure of the 
lids is imperfectly performed, the palpebral fissure must be kept closed by 
a bandage (see page 687), to prevent the development of ectropion and of 
keratitis. In severe cases the bandage must be worn constantly; in light 
cases it is sufficient to apply it at night only. If the paralysis proves incur- 
able, tarsorrhaphy is indicated in order to make it possible to shut the eyes. 


2. Levator Palpebree Superioris 


617. Paralysis of the levator palpebrx superioris manifests itself by a 
drooping of the upper lid (ptosis'8 [or blepharoptosis]). All degrees of ptosis 
occur, from a just noticeable depression of the upper lid, to a prolapse of itso 
complete that it hangs down quite relaxed and devoid of wrinkles, and covers 
the whole eyeball. The higher degrees of ptosis, in which the lid hangs down 


18 From mimrevy, to fall. 
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in front of the pupil, interfere with vision, unless the patient lifts up the lid 
with his finger, or unless it is possible for him to draw it up sufficiently by a. 
forced action of the frontalis muscle. By the contraction of the latter the 
forehead is wrinkled and the skin over it is thus contracted, so that the eye- 
browsand indirectly the upper lid as wellare elevated (Fig. 292). Butsincethis 
elevation isnotsufficient, the patientisin addition compelled to throw his head 
back, because then in looking forward the eyes are directed down, and thus 
the pupils get to lie in the palpebral fissure even though it is low. The 
wrinkled forehead, updrawn eyebrows, and backward pose of the head are 
characteristic of persons with bilateral ptosis. 

Ptosis is either acquired or congenital in its occurrence. Acquired. 
ptosis may be caused by a lesion either of the muscle itself or of the nerve 
supplying it. The former condition is most frequently due to injuries, the 
latter to lesion of the oculo-motor nerve, since the nerve supplying the leva- 
tor is a branch of the latter, and hence ptesis is often found in conjunction 
with paralysis of other muscles supplied by the oculo-motor nerve. The 

~cases of isolated ptosis without any other signs of oculo-motor paralysis are. 
caused mainly by central disease. 

In congenital ptosis the levator palpebre superioris is found to be either 
deficiently developed or entirely absent. In contradistinction to acquired 
ptosis, which usually affects only one eye, congenital ptosis is generally bilat- 
eral. Not infrequently is it transmitted by inheritance through several 
generations. 

As regards the treatment, our endeavor in acquired ptosis, should be, 
to find out the cause of the paralysis and remove it by suitable measures. 
But if we have to do with a ptosis which has already become inveterate, or 
if it is congenital, an improvement of the condition can be obtained only 
by way of an operation (see §§ 842-845). 

Congenital ptosis is frequently found in conjunction with other congenital anoma- 
lies. Among the latter are an inability to look up, accounted for by a deficient devel- 
opment or actual absence of the superior rectus (Steinheim); also epicanthus (§ 621). 

There are cases in which the upper lid droops somewhat owing to congenital ptosis 
but rises when the mouth is opened or lateral movements of the lower jaw are made 
[jaw-winking]. The same connection between movements of the upper lid and of the 
lower jaw has been at times observed without any coexisting ptosis. ‘ 

In acquired ptosis a similar sympathetic movement of the lid, and one that in this 
instance occurs conjointly with movements of the eyeball, is observed not infrequently. 
This is found in cases of oculo-motor paralysis of central origin, and it takes place in 
the following way: The ptosis attains its highest pitch in abduction of the eye; while 


~ in adduction (or in the attempt at adduction if the internal rectus is completely para- 


lyzed), it diminishes, or disappears altogether, or even at times is converted into the 
opposed condition, so that the upper lid rises abnormally high. [This occurs not only 
in central oculo-motor paralysis, but also in peripheral paralyses of the eye muscles, 
including especially congenital paralysis of the external rectus due to actual deficiency 


of the muscle. In this latter set of cases, and rarely in some of the others, the ptosis 
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occurs in adduction, not in abduction. In some of these cases, at any rate, it is not a 
true ptosis that is in question, but a contraction of the orbicularis, marked by a sink- 
ing of the upper and a rising of the lower lid. There are also cases of cyclic widening 
and narrowing of the palpebral fissure, the widening, which is evidently due to spastic 
contraction of the levator, being associated with convergence of the eyes and miosis 
(Von Hippel).—D.] 

There is a sort of ptosis that develops without known cause in women (very rarely 
in men) of middle age. It is always bilateral, and sets in so gradually that not till after 


ia, 292.—Lert-stwwep Prosts. 

The ptosis was not complete, but just great enough for the upper lid to cover the pupil. Now 
as the left eye was the better of the two, the patient, in order to see with it, lifted his lid by contract- 
ing the frontalis muscle. He was not able, however, to do this on the left side alone, but wrinkled his 
forehead all over, so that the eyebrows are elevated on both sides. Hence, too, the right upper lid is 
drawn unusually high up, so that a strip of sclera can be seen exposed above the cornea, and the dif- 
ference between the two palpebral fissures has become even more striking than before. The pupil of 
the right, amblyopic eye is dilated. 

a series of years is it pronounced enough to cause any considerable interference with 
vision. In these cases it is not a paralysis of the nerve, but a primary atrophy of the 
muscle itself that is present (ptosis myopthica). 

Mechanical means have been recommended for lifting the lid in ptosis, including 
the jamming of a monoele into the eye, and the pushing up of the upper lid by a fine, 
properly curved gold wire which is either attached to an eye-glass frame or springs 
apart on the plan of a spring speculum (Fig. 400), and which catches up a fold of the 
skin on the lid and by means of this lifts the lid. But these devices have met with but 
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scant approval and should be recommended only for cases in which the patient abso- 
lutely cannot make up his mind to have an operation done. 

The name of ptosis is incorrectly used for conditions which have nothing to do 
with an affection of the levator palpebre superioris—e. g., when the upper lid droops 
because it has become heavier in consequence of thickening due to trachoma, new 
growths, ete. [or when the upper lid is drawn down by a slight spasm of the orbicularis]. 
So, too, ptosis adiposa (page 665) does not belong with genuine ptosis. 

Both paralysis and spasm are also observed in the unstriated levator or musculus 
tarsalis superior of Miiller. Paralysis of this muscle underlies that slight ptosis which 
is one of the group of symptoms due to paralysis of the sympathetic (see page 451); 
and also underlies ptosis trachomatosa. Spasm of the muscle, manifested by drawing 
up of the upper lid and dilatation of the palpebral fissure, can be excited artificially 
by instilling cocaine. [See also page 451.] Moreover, according to some, the elevation 
of the upper lip lid in Basedow’s disease is due to spasm of Miiller’s muscle. 

[Such a blepharodiastasis or condition in which the palpebral fissure is wider open 
than usual may also be caused by a complete tenotomy with retraction of the superior 
or inferior rectus (see page 656). On the other hand, slight ptosis, or at least narrowing 
of the palpebral fissure, may be produced by advancement of these muscles or by 
paralysis not due to tenotomy (see page 656).—D.] 

[An apparent ptosis is produced when the eye recedes into the orbit.—D.] 


VI. InsuRIES OF THE LIDS 


618. Injuries of the lids of all kinds, including simple contusions, 
incised, lacerated, and contused wounds, burns by heat or caustics, etc., 
are very frequent. A peculiarity of these injuries that needs to be empha- 
sized is that, because of the great elasticity of the skin of the lids and their 
loose attachments to the subjacent parts, both ecchymosis and cedema in 
the injured lids are usually muchmore considerable than after asimilar injury 
in other parts of the body. Accordingly, we must not allow ourselves to be 
frightened merely by the great swelling and bluish-black discoloration of 
the lids, as these appearances are often enough produced by comparatively 
slight contusions. On the contrary, the diagnosis and prognosis should not 
be pronounced until after a careful examination. In this, three points are 
chiefly to be considered: Solutions of continuity of the skin of the lids, 
injury to the subjacent bones, and injury of the eyeball. 

Solutions of continuity of the skin of the lids present a varying aspect 
according to their direction. Those which run horizontally—i. e., parallel 
to the line of fibers of the orbicularis—gape but little, so that the lips of 
the wound often lie in apposition spontaneously. But if the cut or rent runs 
in a direction perpendicular to the fibers of the orbicularis, the wound gapes 
widely in consequence of the retraction of the divided bundles of the muscle. 
Consequently, the cicatrices after horizontal wounds of the skin of the lids 
are scarcely visible, while those after vertical incisions are conspicuous and 
disfiguring. Hence, in operations upon the lids the rule is laid down that 
all incisions should, wherever possible, be made parallel to the course of the 
fibers of the orbicularis. The worst wounds are those which sever the lid 
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in a vertical direction through its entire thickness. If these do not unite by 
first intention, there remains an indentation of the border of the lid, or even 
a deep triangular incision in it (coloboma palpebre traumaticum). By 
this the complete closure of the lid is rendered impossible, so that, in 
addition to the disfigurement, a permanent epiphora results from the 
injury. 

The presence of an injury of the subjacent bone is determined by palpa- 
ting the margin of the orbit with the finger through the swollen lid. A frac- 
ture of the orbital margin is manifested by unevenness and special sensi- 
tiveness at some spot, symptoms to which in many cases is added distinct 
crepitation. A certain sign of injury of the bone is emphysema of the lids. 
This consists in the entrance of air into the cellular tissue beneath the skin 
of the lid. The lids then have a peculiar soft feeling like a feather bed, and 
at the same time we get in the palpating finger a sense of crepitation due to 
the displacement of bubbles of air beneath the pressure of the finger. 
The air comes from the cavities surrounding the orbit—most often from the 
ethmoid cells. Its presence in the subcutaneous cellular tissue of the lids 
hence presupposes some abnormal communication’ between the latter and 
these cavities, such as can have originated only through a fracture of the 
bone. When then, by blowing the nose, straining, and coughing, the air in 
the nose and its accessory cavities is put under greater pressure, it is forced 
into the subcutaneous cellular tissue, and thus emphysema is produced {see 
§ 723). 

An added significance is imparted to wounds of the lids from the fact 
that by their mutilation the eye itself may be exposed to danger. Through 
cicatricial contraction of the lids, or the formation of fissures in them, 
lagophthalmus and consequently inflammation of the cormea may 
be set up. 

The treatment of injuries of the lids is carried on according to general 
surgical rules. In simple ecchymosis we apply cold compresses with lead 
water. In emphysema of the lids the air contained in the tissues usually 
undergoes resorption without causing any ill results. To accelerate absorp- 
tion a compressing bandage is indicated; at the same time the patient must 
avoid straining, blowing the nose, etc., in order not to drive fresh charges 
of air into the tissue. Recent wounds, the edges of which are not too greatly 
contused, are best united at once by sutures. In wounds the edges of which 
are destroyed by contusion and the like, we apply an antiseptic dressing 
and wait for the necrotic portions to be east off. The same rule holds good 
for burns and injuries caused by caustic substances. After the elimination 
of those portions of the skin that have been destroyed, granulating raw 
surfaces are presented to view which cicatrize over and thus lead to a con- 
tractionofthelids. Tocombat this, we proe eed precisely as has been laid down 
for the treatment of destruction of the skin by inflammation (see page 661). 


—— 
’ 
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619. Ecchymoses of the Lids.—Hcchymoses are usually pretty sharply limited at 
a line corresponding to the margin of the orbit, because the skin is attached to this by 
rigid connective tissue which prevents the further advance of the blood. On the other 
hand, the blood not infrequently travels beneath the skin of the dorsum of the nose 
over to the other side. An ecchymosis is then found in the lids of the other eye also. 
As the skin upon the dorsum of the nose is thick, it frequently does not permit the blood 
to be seen through it, so that we do not notice the bridge connecting the ecchymosis of 
one eye with that of the other. We might then easily be induced to believe that the 
injury had affected the cther eye also, a thing which, however, can be excluded with 
certainty in many cases—e. g., when sugillation of the lids of one side sets in after enu- 
cleation of the other eye. 

A similar migration of extravasated blood is observed in fractures of the base of 
the skull. The blood oozes forward from the site of the fracture and travels along the 
floor of the orbit. It then makes its appearance some time after the injury under the 
form of an ecchymosis in the lower part of the conjunctiva of the eyeball, and also 
on the lower lid close to the margin of the orbit, particularly in the region of the inner 
angle of the eye. This symptom, although it is not present in all cases, is of great im- 
portance for the diagnosis of fractures of the hase. 

Spontaneous ecchymoses sometimes occur in the lids, in the same way as they 
do in the conjunctiva, from violent straining, excessive coughing, and the like [also in 
infantile scurvy (Stephenson).] 

Extravasations of blood into the lids, instead of disappearing by resorption, may 
go on to suppuration, so that an abscess of the lids develops. This is particularly to 
be apprehended when there is at the same time a solution of continuity of the skin 
of the lids, through which infectious germs may penetrate into their tissue, 


VII. Tumors oF THE Lips 


620. (a) Benign Tumors.—Xanthelasma® is a fiat tumor of a dirty 
sulphur-yellow color and projecting but little above the skin of the lid. It 
is found most frequently on the upper and lower lids in the neighborhood 
of the inner angle of the eye. In this situation the tumors are often located 
symmetrically on the two sides of the eye, like the yellow spots above the 
eyes of the dachshund. Xanthelasmata occur in elderly persons, par- 
ticularly of the female sex. They grow very slowly, and have no bad results 
besides the disfigurement they cause, which, moreover, affords the only rea- 
son for their removal by operation, as is sometimes done. 

Molluscum contagiosum is a small, rounded tumor, the surface of which ' 
is somewhat flattened and has an umbilicated depression in its center. 
From this a substance resembling sebum is discharged upon pressure. This 
form of molluscum is contagious. 

Molluscum simplex (fibrous molluscum) is a tumor of the skin which 
is attached by a pedicle to the skin of the lids and hangs down like a pouch 

Warts and cutaneous horns are also observed on the lids. 

Among cysts, milia, atheromata, and dermoid cysts occur. The latter, 
which may attain pretty large dimensions, will receive a more detailed 
description under the head of affections of the orbit (§ 730). On the borders 


From favOds, yellow, and éhacpa, plate. It is also called xanthoma. 
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of the lids small, transparent cysts are frequently met with (Fig. 68), which 
have developed from occluded sweat glands in the border of the lid (glands 
of Moll). ° 

The vascular tumors (angiomata) are found in the lids under the two 
forms of telangiectases and of tumores cavernosi. The former are bright- 
red spots situated in the skin of the lid itself, and are composed of dilated 
and tortuous blood-vessels. The latter lie beneath the skin of the lid, which 
they bulge forward and through which they can be seen shining with a 
bluish luster. They consist of closely aggregated, large, venous cavities, 
which can be felt and compressed through the skin; the arteries running to 
the tumors are dilated. Vascular tumors are usually congenital, but they 
develop still more extensively after birth, and sometimes attain such a size 
that they cover a great part of the face, and are also continued backward 
into the conjunctiva and the tissues of the orbit. Hence they should be 
removed as early as possible. In doing this our principal care must be to 
destroy the skin of the lids over as small an area as possible, as otherwise 
we might get shrinking of the skin, with ectropion and lagophthalmus. If 
the angioma is so small that we can remove it without sacrificing too much 
skin, it is best to extirpate it; or we can destroy such angiomata with fuming 
nitric acid or with the thermo-cautery or the galvano-cautery. In the case 
of very superficial angiomata the application of carbon-dioxide snow or 
treatment with radium is serviceable. In the case of large angiomata elec- 
trolysis is to be preferred (see § 826). 


For other benign tumors of the lids, see page 697. 


621. (b) Malignant Tumors.—Carcinomata occurring in the lids are, as 
a rule, epitheliomata, which start from the skin of the lid, particularly from 
that of the border. Subsequently they pass over upon the eyeball and even 
penetrate into the depth of the orbit. Sarcomata develop from the connec- 
tive-tissue portion of the lids. The pigmented melano-sarcomata most often 
develop from a congenital nzevus of the skin or conjunctiva. With malig- 
nant tumors we find an enlargement of the neighboring lymphatic glands, 
occurring first in the gland in front of the ear, afterward in the glands along 
the lower jaw and in the neck. 

Superficial epitheliomata may be cured by treatment with Réntgen 
rays or with radium, but this takes a long time and does not afford a perfect 
protection against recurrences. Moreover, the sight may suffer through 
injury to the retina. [The treatment, however, may be applied in the des- 
perate inoperable cases to relieve pain or as a forlorn hope.—D.] The 
quickest and surest treatment is extirpation, provided that it is made 
thoroughly, i. e., far enough into the sound parts; one should keep at least 
a centimetre outside of the visible or palpable border of the neoplasm. 
If in its performance so much of the lid must be sacrificed that the eyeball 
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as a consequence remains uncovered, a substitute for the palpebral skin 
that has been destroyed must be procured by a blepharoplasty done immed- 
iately after the removal of the new growth. In extensive tumors it is often 
necessary to remove the eyeball, and even the entire contents of the orbit. 


The flat cancers of the skin that not infrequently occur upon the lids require par- 
ticular mention. In these cases there is found a shallow ulcer with an uneven floor and 
irregular, rather hard walls. The infiltration of the walls of the ulcer is the only char- 
acteristic sign, for there is no tumor in the proper sense of the word, and for this reason 
inexperienced observers readily mistake the true nature of the lesion, which is nothing 
else than an epithelial carcinoma. The ulcer advances in one direction while it cica- 
trizes on the side opposite, for which reason it has been called by the name of ulcus 
rodens. Its progress, however, is extremely slow, so that such tumors often last many 
years before attaining any great size. 

[Blastomycetic dermatitis (see page 662) may simulate a malignant tumor of the 
lids.—D.] 

In consideration of the complicated structure of the lids in which such a manifold 
variety of tissue takes part, it should not surprise us that the most dissimilar kinds of 
tumors should at times come under observation in them. As rare occurrences there have 
been observed lymphomata, fibromata, enchondromata, myxomata, lipomata, cavern- 
ous lymphangiomata, plexiform neuro-fibromata (page 499), adenomata of the sebace- 
ous glands, of the Meibomian glands, of the glands of Krause, of the sweat glands, and 
of the glands of Moll, and lastly glandular carcinomata. 


VII. ConGENITAL ANOMALIES OF THE Lips 


622. By coloboma of the lids is meant a fissure in it, having approx- 
imately the shape of a triangle, the base of which corresponds to the 
border of the lid, while its apex 
looks towards the margin of the 
orbit. Coloboma is either congenital 
(coloboma congenitum) or is ac- 
quired, being then produced by 
injury (coloboma traumaticum). 
Congenital coloboma (Fig. 293) is 
on the whole, rare, and is observed 
oftener in the upper than in the 
lower lid. Sometimes it is found in 
conjunction with a dermoid tumor 
of the cornea (see page 225). 

Under the name of epicanthus is 
denoted a fold of skin which juts out Ye 
on both sides of the dorsum of the Fra. 293.—Concrrrat, CoLonoma oF THP 
nose and projects over the inner an- 
gle of the eye so as to partly cover it. Inthe Mongolian race a moderate 
degree of epicanthus is the rule, and produces the characteristic appear- 
ance of the palpebral fissure in these people. In the Caucasian race there 
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is not infrequently observed in children a slight degree of epicanthus, 
which disappears again when in the process of growth, the dorsum of the 
nose becomes more prominent. Higher degrees of epicanthus, which persist 
all through life, must be regarded as a malformation, and are sometimes 
found in connection with other congenital defects (e. g., ptosis). The fold 
of skin forming the epicanthus disappears if with our fingers we pick up the 
skin upon the dorsum of the nose into a vertical fold and thus shorten it 
horizontally. Upon this observation depends the operation for epicanthus 
recommended by Ammon, which consists in the excision of an elliptical 
piece of skin upon the dorsum of the nose. We may also excise the 
_ projecting fold of skin itself. 

Among anomalies of the lids which are sometimes of congenital occurrence, the 
following also must be mentioned: Ptosis, distichiasis, abnormal narrowness of the 
lids, and, as the extreme degree of the latter condition, entire absence of the lids (able- 
pharia); furthermore, symblepharon, ankyloblepharon, and the condition in which 
the eye is completely covered by the external skin, the latter replacing the lids and 


forming a uniform covering for the aperture of the orbit (eryptophthalmus of Zehender); 
and, lastly, cysts in the lower lid, in the case of microphthalmus. [See page 482.] 


CHAPTER XIII 
DISEASES OF THE LACHRYMAL ORGANS 


ANATOMY AND PHYSIOLOGY 


623. Lachrymal Glands.—Tue lachrymal organs consist of the lach- 
rymal gland and the lachrymal passages. 

The lachrymal gland (glandula lacrimalis) is an acinous gland with 
short, branched gland tubules. It consists of two divisions, the larger, 
known as the superior lachrymal gland, lying in the upper outer angle of 
the orbit in a depression in the bony wall of the latter, the fossa glandule 
lacrimalis. Excretory ducts of the superior lachrymal gland pass down- 
ward and empty into the outer half of the superior fornix conjunctive. 

The second division of the lachrymal gland—the inferior lachrymal 
gland—is much smaller, and consists only of one or two lobules, for which 
reason it is also known as the accessory lachrymal gland. Its lobules lie 
along the excretory ducts of the superior gland directly beneath the mucous 
membrane of the fornix (Fig. 294). If the upper lid is everted and at the 
same time the eye is made to look downward, we often see the conjunctiva 
of the fornix in the vicinity of the outer angle of the lid pushed forward 
by a soft mass which is in fact the accessory lachrymal gland. Krause’s 
glands (see Fig. 283, kr, and Fig. 294) form a sort of continuation of the 
lobules of the inferior lachrymal gland along the fornix as far as its inner 
end. Their structure is that of the lachrymal gland, so that they may be 
regarded as the ultimate scattered outlying portions of the latter. 

624. Lachrymal Passages.—The lachrymal passages begin with the 
puncta lacrimalia. These lie on the free border of the upper and lower lid 
(upper and lower punctum) and near the inner extremity of the lid at the 
spot where the tarsus terminates (Fig. 294). They are situated upon small 
elevations, the lachrymal papille (papillee lacrimales), and form the orifices 
of the canaliculi lacrimales. These latter, starting from the puncta, run 
at first vertically for a short distance—i. e., in the upper lid run upward 
and in the lower lid downward—then they bend at a right angle and 
become directed toward the lachrymal sac. In so doing they first pass 
behind the caruncle, and converging more and more, at length reach the 
lachrymal sac. Into this they empty, either separately or after having 
united to form a short common trunk. 

The lachrymal sac (saccus lacrimalis) lies in the inner angle of the eye 
in the cleft (fossa sacci lacrimalis) which the lachrymal bone forms for its 


reception. The lachrymal bone bounds the lachrymal sac (S, Fig. 284) 
699 


700 TEXT-BOOK OF OPHTHALMOLOGY 


nasally, while to the front and temporally it is inclosed by the two branches 
of the ligamentum palpebrale mediale (v and Ah, Fig. 284). This relation 
of the lachrymal sac to the internal palpebral ligament enables us to deter- 
mine the position of the former—a matter which is of importance when 
operations are concerned. If by drawing the lids outward we put them on 
the stretch and so cause the palpebral ligament to project, the lachrymal 
sac lies behind the latter, and in such a way as to rise just above it by its 
cupola or fundus (Fig. 294). 
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Fie 294.—Seprceu OrsrraLce anp Lacurrmat Sac. Natural size. 


The skin and the muscular fibers of the orbicularis have been removed from the lid 

surrounding them, so that the septum orbitale lies exposed to view within the bony ae ee-~ 
the orbital cavity. The septum orbitale consists of the tarsus, which is broader in the upper lid, nar- 
rower in the lower, and of the fascia tarso-orbitalis. The external extremities of the tarsi are attached 
by the broad, but not very dense rhaphe palpebralis lateralis to the malar bone, somewhat below the 
suture, N, between this bone and the zygomatic process of the frontal bone. The internal palpebral 
ligament is narrow, but stout; its anterior limb, which is the only one visible in the drawing 

from the frontal process of the superior maxilla, S, outward, and divides so as to be inserted int oe 
inner extremities of both the upper and lower tarsal cartilages. (At the point of insertion aa “ 
the somewhat projecting papilla lacrimalis.) The fascia tarso-orbitalis, represented in the dvgutiag 
by the radial lines of shading, runs from the convex border of both tarsal cartilages, and from the 
palpebral ligaments, to the margin of the orbit, and together with these parts closes ‘in the orbi a 
front. The tarsal cartilages and the fascia are here supposed to be transparent. Hence, in th re bie 
there can be seen the Meibomian glands, which, in consonance with the varying breadth of the rehanes 
diminish in height from the center of the latter to its two ends. Moreover, in the u r id thee 
acinous glands (cf. Fig 283, w) are visible along the upper border of the tarsus. Stil hi bie ma 
eurved line shows the situation of the fornix conjunctive. Upon the fornix. especially = its pode 
half. lie the actnous glands of Krause, while in the temporal half of the fornix are found ean peer 
in character, but more densely packed, representing the inferior lachrymal gland. This ace a tee 
excretory ducts of the superior lachrymal gland, whose anterior border comes into sight j aS hoe 
the upper margin of the orbit. At the inner and lower margin of the orbit the bone has eng — 
away to show the lachrymal passages. The lachrymal sac hes behind the internal pal bral lig: oe 
its apex rising a little above the latter. The line that in the drawing runs straight avanced erate hae 
apex of the lachrymal sac to the horizontal suture is the suture between the fromtal ro woe 
superior maxilla and the lachrymal bone, upon which two bones the lachrymal sac reate (cf Fi me 
> ee reer ae a ray constriction, passes into the nasal lead oH 

outside of this ts the antrum of Highmore, h, which has been open i ae Ss 
Z, suture between the superior maxilla and the malar bone. F, thee Seton bwesge per eee 


At the spot where the cleft of the lachrymal bone merges into the 
bony canal the lachrymal sac passes into the nasal or lachrymal duct (ductus 
lacrimalis). The point where this transition occurs constitutes the nar- 
rowest part of the whole lachrymal channel (Fig. 294), and is therefore 
particularly liable to the formation of pathological contractions (strictures) 
From this point the lachrymal duct passes downward and empties into the 
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nasal fossa below the inferior turbinated body. In its downward course 
the lachrymal duct deviates a little backward and outward from the 
vertical. Hence, the two lachrymal channels diverge as they go down, the 
lachrymal sacs being less far apart than are the lower orifices of the lach- 
rymal ducts. We can represent the course of the lachrymal channel on 
the living subject by placing a straight sound in such a way as to lie at its 
upper part upon the middle of the internal palpebral ligament, and below 
upon the furrow forming the boundary line between the cheek and the ale 


(Fra. 295.—Section or Canauicuni1, LacuryMaL Sac, and Nasau Duct. (De Wecker.) 
After Norris and Oliver.—D.] 


of the nose [see Fig. 295]. This sound gives precisely the direction of the 
lachrymal duct (Arlt). If we place a sound in this way on each side of the 
nose, we see how the sounds diverge as they go down, and we can readily 
convince ourselves that the degree of divergence differs in different indi- 
viduals. The divergence, in fact, depends upon the breadth of the root of 
the nose on the one hand, and upon the breadth of the inferior nasal orifice 
on the other. These facts are of importance with regard to the operation 
of sounding the lachrymal duct, in the performance of which the sound 
must be pushed along in the direction of the duct. 
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The mucous membrane of the Ischrymal sae and that of the lachry- 
msl duet forms one continuous whole. There is, therefore, no sharp 
dividing Ime between these two structures. They are mainly distinguished 
by the fact that the Ischrymal sae lies against bone (the lachrymal bone) 
at ome side only, and everywhere else is free, while the lachrymal duct is 
inelosed on sll sides by bony walls. It follows from this that, in engorge- 
ment of the Ischrymsl channels with fluid, it is only the lachrymal sac 
which ts distended so as to appear as a visible swelling at the inner angle 
of the eye. The Ischrymsl duct cannot be distended: on the contrary, 
it is the favorite seat of consirictions, which agai do not occur in the 
isechrymal sac. The formation of these constrictions is facilitated by the 
fset that s dense plexus of wide veims, analogous to the venous plexuses 


Pee. 296—Ceaess Secres veseves rez Laces rwo-wasat Deer. Magnifed 11 X 1. 
Tie bemee of the Isehrymal duct & eblong snd Eeed with cylindrical epithehum. The subja- 
CSES SUGGS Membrane cumtaims very many bmophecytes. i eit has an adenced ehsracter. The sub- 
= iss gest sbumdance of bleed-vescels. Most of these sre veims; the few 
E crawieg by their double comtour. At « lie the scini of 3 mucous 


| SO ae 
ed the mawliary amtrem, ¢. the ade that is directed toward the nasal cavity. 
beneath the mucous membrane of the turbinated bodies. is interposed be- 
tween the mucous membrane of the Ischrymal duct and the bony wall 
(Fig. 296). Swelling of these veins alone is sufficient to contract or to 
close entirely the lumen of the duct. 

The Ischrymal passages are always filled with a little lachrymal fluid. 
li sir is found in them. it is to be regarded as a pathological condition. 


eanaheuli is lined with laminated pavement epi- 
sc and nasal duet with a double layer of eylindrical 

© af dierent spots projects in the form of folds into 
zes—a phenomenon which has been described as a 
of these folds is Hasner’s valve, at the lower orifice 
er. IS Dot & true valve, any more than are the others— 

elose up the lumen of the lachrymal channel. On the 
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passes through the mucous membrane of the nasal fossa. Like the other folds of mucous 


membrane in the lachrymal passages, it is not of constant occurrence. 


Duplication of the puncta and canaliculi, and also their absence, have been recorded 
as congenital anomalies. 


625. Lachrymal Secretion.—Secretion of tears results either from psy- 
chic excitation (‘‘weeping”’) or in a reflex way from irritation of the trige- 
minus or optic nerve (“watering of the eyes”). Psychic weeping occurs 
only in man, and even in man is absent in the case of infants. The tears 
contain only a few solid constituents, the main part of which is sodium 
chloride (hence “salty” tears). In the normal state the lachrymal gland 
secretes scarcely any more liquid than is lost by evaporation from the 
surface of the eyeball, so that but very small quantities of fluid are dis- 
charged into the nose. It is only when the secretion is much increased 
that any considerable quantity of tears is discharged into the nose, where 
its presence is manifested by repeated blowing of the nose. 

The moistening of the eyeball is not due to the lachrymal glands alone. 
The secretion of the conjunctiva itself, and also of its glands, partici- 
pates in the performance of this act. Hence it follows that even after 
removal or degeneration of the lachrymal gland the eye does not be- 
come dry. 

In the conduction of tears into the nose there are two factors to be 
considered: The entrance of the tears into the lachrymal sac, and their 
transmission from the latter to the nose. 

The conveyance of tears through the puncta into the lachrymal sac is 
effected by the act of winking. The tears accumulate in the horseshoe- 
shaped notch in the inner angle of the eye, which forms the lacus lacrimalis 
into which the puncta dip. Then a winking movement takes place, the 
fibers of the palpebral portion of the orbicularis contracting. These fibers 
spring from the internal palpebral ligament and when they contract draw 
the ligament away from the lachrymal bone. The wall of the lachrymal 
sac, being connected with the palpebral ligament, is drawn along with it, 
so that the lachrymal sac is dilated, and the contents of the canaliculi are 
sucked into the sac. The subsequent conveyance of the tears from the 
lachrymal sac into the nose is effected by the elasticity of the sac. In virtue 
of this elasticity, the sac when distended by the tears tends to contract 
again and thus expel the tears. Hence, in those pathological cases in which 
the lachrymal sac has lost its elasticity (atony of the sac) we observe that 
the conduction of tears downward is arrested, even though the nasal duct 
is completely pervious. The reason why the tears are not driven back 
again into the canaliculi by the contractions of the lachrymal sac, but pass 
on into the nasal duct, is that the latter is much wider than the narrow 


canaliculi. 
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I. DacryocysTiITIs CHRONICA ! 


626. Symptoms.—The patient comes with the complaint of the tears 
running over (epiphora *). On careful inspection we notice that the skin 
in the region of the lachrymal sac protrudes so as to appear fuller than on 
the other side. This swelling—tumor lacrimalis—is caused by the sac’s 
being distended by an accumulation of its contents. [In mild cases, at the 
outset and sometimes for a long time, there may be epiphora and more or 
less constant obstruction, without evident distention of the sae—D.] 
When pressure is made on the tumor the contents are discharged externally 
through the puncta, and appear, in recent cases, as a purulent, in older 
cases as a mucous or even limpid liquid. Sometimes, when pressure is 
made on the lachrymal sac, the contents are forced not through the puncta 
but downward through the nose. This is the case when, as exceptionally 
happens, the nasal duct is freely pervious. Associated with these symp- 
toms, which prove distention of the lachrymal sac and abnormality in its 
secretions, there is usually a contraction (stricture) of the nasal duct. 
The proof of this is produced if with an Anel’s syringe [Fig. 412, h] which 
has a fine but not sharp-pointed cannula we inject water into the lachry- 
mal sac through the lower canaliculus, and at the same time make the 
patient bend his head forward so that the water which gets into the nose 
shall not run backward but forward. If stenosis of the nasal duct is pres- 
ent, the water does not flow freely into the nose, but only drop by drop 
or not at all, and regurgitates from the lachrymal sae through the upper 
canaliculus. [If in persons with no obstruction of the lachrymal passages 
we instill a mixture of adrenaline and cocaine into the eye so as to shrink 
up the mucous membrane of the tear passages and then instil a 30-per- 
cent solution of argyrol, the latter will gradually make its way down into 
the nose and, if the patient blows his nose, will stain the handkerchief. In 
a patient with lachrymal obstruction the argyrol goes down with difficulty 
or not at all.. If in this case we inject the adrenaline-cocaine solution into 
the canaliculus with the syringe the argyrol that we have instilled will 
then usually go through to the nose, provided the obstruction is due simply 
to turgidity of the membrane, and not to a bony or fibrous stenosis.—D.] 
In the latter case in order to determine the site and extent of the stenosis 
we first make the passages insensitive by injecting a few drops of a cocaine 
solution and then try to explore the duct with a Bowman’s sound, in 
doing which we come upon a spot where the duct is contracted or even 
altogether obliterated. 


‘To the older name blennorrhaa of the lachrymal sac, (dacryocysto-blennorrhea), which I also 
formerly used, the objection must be made that it may give rise to misunderstanding, since gonorrheeal 
affections are frequently known as blennorrheea, and also that the secretion which is expressed from 
the diseased tear sac is byjno means always Bdeévva, i. e., mucus, but is frequently pus or clear lachry- 
mal fluid. Against the designation dacryocystitis catarrhalis it may be said that chronic diseases 
of the tear sac are not always of a simple catarrhal nature, but are sometimes tuberculous or tracho- 
matous—a matter which often cannot be decided by a purely clinical examination. 

* Prom emupeperPar to rush upon. We also say illacrimatio or stillicidium (from stilla drop, and 
cadere to fall). a i 


DISEASES OF THE LACHRYMAL ORGANS 705 


627. Etiology—The immediate cause of a chronic dacryocystitis is 
stricture of the nasal duct. This may be produced, for example, by swelling 
of the mucous membrane of the duct. The tears can then no longer be fully 
discharged into the nose. But as new tears are constantly forced, by the 
act of winking, into the lachrymal sac, the latter becomes more and more 
filled up and distended. The lachrymal fluid that thus accumulates in the 
sac soon decomposes. The tears, in fact, carry with them from the surface 
of the eyeball a quantity of germs, which find the best conditions for devel- 
opment within the sac in the fluid which stagnates there and is kept at the 
temperature of the body. And actually the contents of the sac in chronic 
dacryocystitis are seen under the microscope to swarm with micro-organ- 
isms of all kinds (especially the pneumococcus). The decomposed fluid 
irritates the mucous membrane of the sac, which inflames and throws out 
a pyoid secretion that mixes with the tears stagnating in the sac. The con- 
tents of the sac thus grow constantly more turbid and ultimately resemble 
pus. Chronic dacryocystitis is hence nothing but a catarrhal inflammation 
of the mucous membrane of the sac. Like all purulent or decomposed fluids, 
the secretion of the diseased sac is virulent in that it contains pus cocci in 
great numbers. Owing to this virulence, infection of defects in the cornea 
readily occurs in chronic dacryocystitis, so that an ulcus serpens develops. 

The constriction of the nasal duct that, as has been said, forms the 
starting point for chronic dacryocystitis, develops, as a rule, in consequence 
of affections in the nasal cavity. Such affections are: 

1. Inflammation of the nasal mucous membrane. Under this head 
belongs coryza in its various forms, whether acute or chronic, and whether 
a simple catarrhal trouble, or one of scrofulous or syphilitic origin. The 
inflammation of the mucous membrane of the nose is associated with swell- 
ing which, owing to the presence of the submucous cavernous tissue, may 
very readily reach quite a high degree, so that the nasal cavity is rendered 
impermeable by it. The inflammation and the swelling extend by conti- 
nuity to the mucous membrane of the nasal duct, being particularly due to 
the engorgement of the numerous veins lying beneath the latter, an 
engorgement which of itself is sufficient to close the lumen of the duct. 
The inflammation of the mucous membrane then leads to cicatricial con- 
traction of the latter and consequently to strictures in the nasal duct, so 
that the impermeability of the duct persists even after the inflammatory 
swelling subsides. In the ordinary form of ozena (rhinitis atrophicans) 
there is no swelling even at the beginning, but a cicatricial contraction of 
the nasal mucous membrane, which may be continued from the inferior 
orifice of the nasal duct into the latter and thus lead to its constriction. 2. 
Ulcers, such as are apt to be associated with the scrofulous and syphilitic 
inflammations of the nasal mucous membrane, and also lupous ulcers. As 
the ulcers heal, cicatricial constriction or even obliteration of the nasal duct 
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takes place. This is the more to be apprehended if the subjacent bones are 
also implicated. “3. Tumors. These may block the lower orifice of the nasal 
duct, and thus cause stoppage of the flow of tears. The most frequent 
tumors of this kind are polypi 


Blennorrhceea of the lachrymal sac affects the female more frequently than the 
male sex, perhaps on account of the more frequent use which the former makes of the 
lachrymal apparatus. Persons having the bridge of the nose flattened (flat noses and 
“saddle-noses,’’ particularly when due to hereditary syphilis) also are predisposed to 
this affection. 

Sometimes a chronic dacryocystitis is observed even in new-born children and 
this may actually be associated with perforation and the formation of fistule. The cause 
of the disease is a belated perforation of the thin diaphragm of mucous membrane 
which in the fetus closes the lower orifice of the nasal duct. The result is decomposi- 
tion of the gelatinous contents of the nasal passages and hence inflammation of the 
latter (Rochon-Duvigneaud). Usually repeated expression of the lachrymal sac suf- 
fices to cure the disease; if not we must make the nasal duct pervious by the use of 
sounds. 

Trachoma and tuberculosis of the lachrymal sac occur as secondary affections. 
[Trachoma of the sac is said to be frequent in the Near East where trachoma generally 
is endemic. Sacsg thus diseased are very friable and rupture easily, so that lavage is 
dangerous (Butler). D.] | Tuberculosis of the sac may originate from tuberculosis of 
the conjunctiva or from tuberculosis (lupus) of the nasal mucous membrane. The 
lachrymal sac feels very much thickened, and upon opening it we find its inner surface 
lined with discolored granulations (cf. page 209). 

In both the puncta and canaliculi contraction and even obliteration are sometimes 
observed, the consequence of which is also epiphora. The most frequent cause 
giving rise to these conditions is injury of the mucous membrane of these structures 
due to sounding. To remove them we must endeavor to enter the canaliculus with 
a conical sound and thus dilate it, or, if necessary, we must sht it up. Occlusion of 
the canaliculi may also be produced by foreign bodies or by concretions. ‘The latter are 
of a gray or grayish-green color and of friable or hard consistence, and prove to be con- 
glomerated masses consisting of a fungus, the streptothrix Foorsteri. [The sporotrichon 
may also form concretions in the canaliculi in cases of sporotrichosis (Bedell—ef. page 
210).] In some cases eystoid dilatation of the canaliculi has been found. This arises 
from an obliteration of the canaliculus at both extremities and the accumulation of 
fluid in its cavity, so that the tube is gradually distended till it forms a cyst. 

In the puncta there can be frequently made out a change of position of such a 
character that the lower punctum is turned outward (forward) instead of looking 
upward (eversion of the punctum). This represents the very first stage of an ectropion 
—a condition which bears within itself the germ for its own development (see page681). 


628. Course.—Chronic dacryocystitis is an eminently chronic disease, 
whose course is counted by years. A spontaneous cure may indeed occur, 
if, as the swelling of the mucous membrane of the nasal duct abates, the 
lumen of the duct becomes free again, and at the same time the catarrhal 
inflammation of the sac subsides. This, however, occurs but rarely, because 
strictures of the nasal duct have formed in the meantime. Hence the rule 
is that without artificial aid no cure takes place, but the following course 
of events ensues: The secretion at first purulent becomes after a time 
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mucous and viscid; at length, owing to atrophy of the mucous membrane, 
secretion ceases altogether. Then the distended sac contains simply a clear 
liquid—namely, the tears which have accumulated in it. But still the epi- 
phora keeps on, because the constriction of the nasal duct prevents the 
conduction of the tears into the nose. 

As a result of the constant distention of the lachrymal sac by fluid, its 
walls at length lose their elasticity. When this condition, called atonia sacci 
lacrimalis, has set in, the tears are no longer carried down into the nose, 
even if the nasal duct again becomes perfectly pervious. The distention of 
the lachrymal sac may keep on increasing more and more, so that it presents 
a fluctuating tumor of the size of a walnut and over. This either projects 
far forward, or it often extends deep into the orbit, so that the eyeball is 
displaced by it (exophthalmus). It is filled with a clear fluid; hence the 
name hydrops sacci lacrimalis. 

Chronic dacryocystitis causes trouble chiefly through the epiphora, 
which compels the patient to dry his eye frequently. The epiphora increases 
in cold weather, and in wind, smoke, etc. If it lasts a long time it leads to 
chronic catarrh of the conjunctiva and to blepharitis ulcerosa. If these 
two conditions are found in one eye alone, they must always excite the 
suspicion of there being a lesion of the lachrymal sac. In the subsequent 
course of the disease the moistening of the lower lid by the tears leads to 
eczema of the lid, contraction of the skin covering it, and ultimately to 
ectropion. By these conditions, again, the epiphora itself is increased. In 
the presence of chronic dacryocystitis ulcers of the cornea may develop from 
erosions of the latter, and operation wounds also may readily become 
infected. 

629. Treatment.—This must first have regard to the nasal disease 
which underlies the trouble, and, if this is still present, must use the proper 
means for its relief. As for the lachrymal sac itself, the patient is to be told 
to evacuate it very frequently by pressing the finger on the inner canthus. 
In this way the accumulation of secretion and its consequent decomposition, 
together with the dilatation of the sac, are combated. In addition it is 
advisable to cleanse the sac by syringing with an Anel’s syringe (§ 811). 

[A great many obstructions of the milder type, especially in the earlier 
stages, can be relieved by syringing. A 30-per-cent solution of argyrol is 
instilled, and then the canaliculus is syringed with a mixture of adrenaline 
and cocaine. After the first or second treatment the argyrol usually goes 
through to the nose, at first imperfectly, later freely. If there is obstruction 
in the nose itself, adrenaline may be applied to the inferior turbinate before 
syringing. The physician may do the syringing once or twice a week, 
according to circumstances and directs the patient to instil two or three 
times a day a solution of adrenaline followed by a 20-per-cent solution of 


argyrol.—D.] 
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In simple eversion of the punctum, without ectropion proper the epi- 
phora can be relieved by slitting the canaliculus (§ 812). The tube is thus 
converted into an open groove, which looks backward and hence dips into 
the lacus lacrimalis and takes up the tears. : 

The main burden of treatment lies in the removal of the stricture of the 
nasal duct, by gradual dilatation with sounds according to Bowman’s 
method (see § 813). 

The duration and the success of the treatment with sounds depend 
upon the nature of the contraction. The most favorable cases are those in 
which the contraction is caused by simple inflammatory swelling of the 
mucous membrane; those in which cicatricial strictures are present are less 
favorable, and the least favorable are those in which the nasal duct is com- 
pletely obliterated at some spot. Cases of the latter kind do not, for the 
most part, admit of a permanent cure. Even in the most favorable cases 
the duration of the treatment amounts to from four to six weeks, and it 
usually requires several months. If strictures due to cicatrices are present, 
recurrences may set in, owing to renewed contraction of the cicatricial tis- 
sue; and, in fact, this unfortunately occurs so often that permanent cures 
form the exception. 

Those cases which cannot be cured by treatment with sounds require, 
if they give rise to considerable annoyance, extirpation of the lachrymal sac 
(see § 816). 

Extirpation of the lachrymal sac is suitable in those cases in which 
the treatment by sound is likely to be without result. This is the case 
where there are very extensive cicatricial contractions or complete obliter- 
ation of the nasal duct. This is still more the case if there are at the same 
time demonstrable changes in the bone, shown either by our coming upon 
bared and roughened bone in the act of sounding, or by there being an 
externally visible implication of the bone manifested by a sinking in of 
the nose (in consequence of syphilis). Furthermore, cases of atony and 
dropsy of the lachrymal sac, are suitable ones in which to perform extirpa- 
tion of the sac, since in these cases a normal escape of tears could not take 
place even after the nasal duct has been made pervious. Moreover, 
removal of the tear sac is very frequently done in cases in which treatment 
by sounds would be feasible, but in which the patient’s external circum- 
stances make this very protracted method of treatment impossible. This 
is particularly the case in patients of the working class. 

While the treatment by sounds in favorable cases restores the normal conduction 
of the tears, the possibility of this restoration is forever prevented by the operation for 
destruction of the lachrymal sac. Hence a condition of epiphora always remains, which, 
however, reaches a troublesome degree only when, in consequence of irritation of the 


conjunctiva, there is an excessive secretion of tears, and this can be relieved by extir- 


pation of the inferior lachrymal gland (see $818). [This seems rarely necessary. In 


order to obviate the possibility of this continuous epiphora, other operations, e. g., 
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Tott’s and West's (see § 817) have been devised, by which permanent drainage is main- 
tained.—D.] To compensate them for the epiphora the patients are relieved of the 
presence of a constantly suppurating cavity which continually exposes them to the 
danger of getting an ulcus serpens of the cornea, and also usually gives rise from time 
to time to acute phlegmons (dacryocystitis acuta). 

[There are cases in which the dacryocystitis is of such mild type that we do not: 
feel justified in removing the sac, but in which the dacryocystitis may be a source of 
temporary danger, e. g., in the case of operations on the eyeball, in which it might. 
give rise to infection. In such cases we may perferm incision of the sac or cauterization 
or ligature of the puncta (see §§ 814 and 815).—D.] 


Il. Dacryocystitis AcuTA (oR PHLEGMONOSA) 


630. Symptoms.—In an individual who suffers from chronic dacryo- 
cystitis, a violent inflammation may suddenly develop in the region of the 
tear sac. The skin in its vicinity is then reddened and greatly swollen; the 
swelling also extends to the lids, and even to the conjunctiva, in which there 
is chemosis. The inflammation is accompanied by fever and violent pain, 
so that the patient is deprived of sleep for several nights. After some days 
the skin at the apex of the swelling takes on a yellowish discoloration, and 
finally becomes perforated, when quite a large quantity of pus is discharged. 
Upon this the pain abates and soon ceases altogether, and the swelling also 
rapidly goes down. Later on, there is discharged from the perforation a, 
fluid which at first is purulent, afterward mucous, and at length perfectly 
clear like water. Ultimately nothing but the tears which are forced into 
the sac run out through the perforation, which is hence called a lachrymal 
fistula. 

As long as the fistula remains open the patient is safe from any new 
attack of inflammation. But if the fistula closes and tears reaccumulate in 
the sac, recurrence of the acute dacryocystitis may ensue. 

Acute dacryocystitis consists in a purulent inflammation of the con- 
nective tissue surrounding the lachrymal sac. This inflammation leads to: 
purulent disintegration of the submucous tissue with the formation of an 
abscess which ruptures externally. Acute dacryocystitis is accordingly a 
phlegmon. Chronic dacryocystitis, on the contrary, is a catarrhal inflam 
mation of the mucous membrane itself, in which the purulent secretion of 
the latter is deposited upon the surface only. The connection between the 
two diseases consists in the fact that chronic precedes acute dacryocystitis 
and gives rise to it; for the catarrhally inflamed sac is filled with decomposed 
secretion, and it only requires the presence of a small defect in the epithelial 
covering of the mucous membrane of the sac to enable the micro-organisms 
of the secretion to penetrate into the submucous tissue, where they excite 
suppuration and cause dacryocystitis. ¥ 

Acute dacryocystitis almost always originates from a chronic dacryocystitis; con- 


sequently the patients state that epiphora has existed for quite a long time before 
the acute inflammation, which they often call by the name of erysipelas. It is only 
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in very rare cases that a caries of the lachrymal bone gives rise to acute dacryocystitis. 
The diagnosis of dacryocystitis is easy to make from the situation of the swelling, 
which corresponds to the region of the lachrymal sac. A characteristic feature is that 
the swelling extends up but little above the inner palpebral ligament. Swellings which 
lie mainly above the palpebral ligament are to be regarded as connected not with the 
lachrymal sac but mostly with the frontal sinus (discharge of an empyema beneath 
the skin). It is the exception for abscesses of other kinds, e. g., a furuncle in the skin 
or a periostitic abscess, to occur in this spot. The spot where the pus breaks through, 
however, does not always correspond with the position of the sac. It usually lies be- 
neath, being quite a distance below and to the outside of it. The reason for this is that 
pus sinks down beneath the skin and at the same time travels outward along the inferior 
margin of the orbit, because the skin along this is attached to the bone by rather firm 
connective tissue. The farther the pus sinks before it makes its way through the skin 
the longer will be the fistulous canal that remains. That an opening in the skin which 
lies far below and to the outer side may still be a lachrymal fistula can be demonstrated 
by our being able to push a sound through from the opening into the lachrymal sae. 
If we should not succeed in this, we inject a colored liquid from the canaliculus into 
the sac; we then see it flow out again by the orifice of the fistula. 

Later on in their course, lachrymal fistule contract and sometimes become so 
minute that they are permeable by nothing but a fine bristle. The external orifice 
of these capillary fistule, as they are called, is then scarcely visible with the naked eye. 
We simply notice a drop of clear lachrymal fluid appearing from time to time upon 
the skin beneath the lachrymal sac; it is only upon careful examination that we notice 
the capillary opening. 


631. Treatment.—If we are dealing with an acute dacryocystitis in its 
very inception, we may try to prevent the development of an abscess. With 
this end in view, we sedulously express the fluid from the lachrymal sac, 
inject it with antiseptic solutions, and in the intervals apply a pressure 
bandage, which constringes it. 

If the inflammation has passed the initial stage, it is idle to endeavor 
to prevent the formation of an abscess; besides, the methods of syringing, 
expression, and compression, given above, could not be employed, on 
account of the swelling and painfulness of the parts. The only thing to do 
now is to hasten the formation of the abscess, an object which is best 
attained by the use of moist and warm compresses. As soon as fluctuation 
makes itself apparent, we incise the lachrymal sac and in addition treat by 
sounding or more radical means the chronic dacryocystitis that forms the 
basis of the condition (sce § § 815 and 816), 


pS) 


632. Diseases of Lachrymal Gland.—It is extremely rare for the lachrymal gland 
to be the seat of disease. Among such diseases belong: 1. Inflammation (deeryox 
adenitis). This may go on to resolution; in other eases, suppuration of the gland with 
discharge of the pus externally has been observed, a fistula of the lachrymal gland re- 
maining afterward. There have even been described eases of bilateral dacryo-adenitis 
which ran either an acute or more frequently a chronic course; some of these cases 
were complicated with simultaneous swelling of the parotid or other salivary glands 
(Mikuiicz’s disease; see § 733). 2. Tuberculosis and syphilis of the gland. 3 Neo- 
plasms, including carcinomata, adenomata, cylindromata, lymphomata, Ghiororiits 
sarcomata, and mixed tumors resembling those of the parotid gland, 4, Cystoid dil 
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tation of a duct of the gland—a condition called dacryops. 5. Atrophy of the gland in 
xerophthalmus (Arlt; see page 221). 

The superior lachrymal gland sometimes requires extirpation (see § 818). 

Removal of the inferior lachrymal gland (see § 818) is done in order to relieve a 
troublesome epiphora, when other measures have failed; as, for example, when after 
a chronic dacryocystitis the permeability of the nasal duct has been restored by sound- 
ing and nevertheless the epiphora continues, or when as a result of extirpation of the 
lachrymal sac drainage of the tears in the regular way has become impossible. 

Hence I am accustomed to perform extirpation of the inferior lachrymal gland 
right after an extirpation of the lachrymal sac. [In the opinion of many, including 
the translator, this is not often necessary, simple extirpation of the sac not being fol- 


_lowed by troublesome epiphora.—D.] 


633. Epiphora and Absence of Lachrymal Secretion. —Disturbances in the func- 
tion of the lachrymal apparatus find expression either under the form of epiphora or 
of absence of the tears. Epiphora is an exceedingly frequent symptom of the most 
various condition, and is either based upon an increase in the secretion or a hindrance 
to the discharge of the tears. The former occurs physiologically in weeping, and also 
in the presence of all sorts of irritants affecting the terminal expansion of the trigemi- 
nus and its vicinity. Among these are cold wind, air rendered foul by smoke, etc., for- 
eign bodies in the conjunctival sac, inflammations of the eye and its adnexa, affections 
of the nose, and neuralgia of the first and second branches of the trigeminus. Fur- 
thermore, irritation of the retina by strong light causes increased tear secretion. Inter- 
ference with the conduction of tears into the nose may have its cause either in inter- 
ference with the normal closure of the lid or in anomalies of the lachrymal passages. 
Among affections producing the former condition are to be mentioned paralysis of 
the orbicularis, shortening or ectropion of the lids, notching of the border of the lid, 
and even simple eversion of the lower punctum; to the latter belong all the affections 
of the lachryma! channels which have been treated of in this chapter. In old people 
it is an extremely common thing for the eyes to water especially out in the open air in 
cold weather, without there being any discoverable lesion of the conjunctiva or the 
tear passage. For this senile epiphora instillation of the collyrium adstringens luteum 
jsee page 150] is the best remedy. If we find such an epiphora without discoverable 
cause in younger persons, there is probably an excessive irritability of the mucous 
membrane of the nose which excites increased secretion of tears in a reflex way. So, too, 
pungent odors, such as the vapor of . mmonia, horse-radish, ete., which irritate the 
terminal extremities of the trigeminus in the nasal mucous membrane, often bring the 
tears to our eyes; and lachrymation is likewise very often present in severe coryza. A 
like connection also exists in the contrary sense, in that a bright light striking upon 
the eye excites an impulse to sneeze, as is observed especially in children with photo- 
phobia, when the attempt is made to open their eyes for purposes of examination. In 
cases of epiphora for which no other cause can be found, it is requisite to examine the 
nose carefully and treat it according to the indications. 

The opposite condition, namely, abolition of the lachrymal secretion, is extremely 
rare. It is found in xerophthalmus, in consequence of occlusion of the excretory ducts 
of the lachrymal gland; also in paralysis of the trigeminus, and in facial paralysis when 
the lesion is situated very high up in the nerve. It is hence supposed that the fibers 
destined for the innervation of the lachrymal gland start from the brain along with 
the facial, and run with the nervus petrosus superficialis major to the nasal ganglion 
of the trigeminus, by the second branch of which they reach the lachrymal gland through 
the nervus subcutaneus male (Goldzieher). A purely nervous disturbance lies. at 
the bottom of those. cases in which persons declare that formerly they wept a good 
deal, but that for a long time past they have not been able to weep, even when very 
much distressed. 
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CHAPTER XIV 
DISTURBANCES OF MOTILITY OF THE EYE 


ANATOMY AND PHYSIOLOGY OF THE OcuLAR MUSCLES 


634. Tue ocular muscles are distinguished into extrinsic and intrinsic. 
The latter, also called the interior muscles of the eyes, are the sphincter 
pupillze and the ciliary muscle. Of these we shall have something to say 
later; at present we shall concern ourselves only with the extrinsic muscles. 
These are six in number, four straight and two oblique. 


Fie. 300. 


[Fias. 297-300.—F Rozen Fronra, Sections or Lerr ORBIT SEEN FROM BEFORE. 
(After Dwight from Norris and Oliver.) 
Fria. 297.—Section about 12 mm. behind globe. S. R., superior rectus, L. P., levator; S. O., superior 
oblique; In. R., internal rectus; Inf. R., inferior rectus; EB. R., external rectus; O. N. optic nerve; 
F, N., frontal nerve; Inf. O. N., infra-orbital nerve; 6th, sixth nerve. , : 
Bo a peak sae 5 mm. behind globe. Letters as in preceding figure 
1a. 299.—Section sg in fr ack e ef 9 "i i 
ae f on about 3 mm. in front of back of globe. Letters as before.—S. O. N., supra-orbital 
Fie. 300.—Section near equator of glot 7 i i i 
: : t £ f globe. Letters as before.— ) : » S 
Lat Rodes ore Inf. O., inferior oblique. L. S., lach- 


The four straight muscles are the rectus medialis sive internus, lateralis 
sive externus, superior, and inferior. All four take their origin from the 


apex of the orbit along the bony circumference of the foramen opticum (F, 
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Fig. 301), and from this point run forward, diverging as they go. They thus 
bound a funnel-shaped space, the muscular funnel (tt) [see also Figs. 297- 
300], the apex of which lies at the foramen opticum, while the eyeball forms 
its base and the optic nerve (0) runs along its axis. The external and inter- 
nal recti muscles (i and e) are inserted into the sclera to the outer and inner 
side of the cornea; the superior rectus (sw) has its insertion (s:) above, the 
inferior rectus below the cornea. The attachment is effected by Tete of 
short tendons, which spread out in the form of a fan and become fused with 
the sclera, which in this way is thickened in its most anterior portion. 
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Fia. 301. Fra. 303. 
Fic. 301.—HorizontaLt SEcTION THROUGH THE ORBIT (ScHEMATIC). Natural size. 


The apex of the orbit is formed by the foramen opticum, F. The external wall of the orbit 
does not reach as far forward as the internal, so that its anterior margin, A, lies in the same plane as 
the equator of the eyeball. At the anterior extremity of the internal wall of the orbit is shown the 
trochlea, 7, which in reality lies in the upper andinner angle of the orbit, and hence would not be met 
with in the cross section of the orbit that is here represented. The external rectus, e, and the internal 
rectus, 7, bound the muscular funnel, ¢ ¢t. A portion of the superior rectus (sw) is cut away to show 
the optic nerve, 0. 811s the insertion of the superior rectus upon the eyeball, lying oblique to the mar- 
gin of the cornea. os1 is the fan-shaped insertion of the tendon of the superior oblique, os; o7, the line 
of insertion of the inferior oblique. f f is the frontal, s s the sagittal axis of the eyeball. 

Fic. 302.—ANTERIOR ORIFICE OF THE ORBIT WITH THE EyeBaty. Natural size. 

The tendons of the four recti muscles are cut off near their insertion upon the eyeball, but the 
inferior oblique, oi, and the tendon, os, of the superior oblique are left entire. The latter comes out 
from the loop of the trochlea, 7. To the temporal side of the trochlea lies the supra-orbital notch, 7,. 
and somewhat to the outside of this there is a foramen, i1, which is not regularly present, for a branch 
of the supra-orbital nerve. In this case the infra-orbital foramen, fi,is also abnormally divided into two 
distinct foramina. z is the orifice of the zygomatico-facial canal, fl is the lachrymal fossa. Comparison 
with Fig. 294 shows that the orbit represented in the former is much lower than the one here depicted, 
but is broader in the horizontal direction. 


The two oblique ocular muscles are the obliquus superior and inferior. 
Their course is more complicated than that of the straight muscles. The 
superior oblique (os, Fig. 301) also arises from the margin of the optic 
foramen and runs forward upon the upper and inner wall of the orbit as 
far as the trochlea, before reaching which it passes into its tendon. The 
trochlea itself (7, Figs. 301 and 302) lies a little behind the upper and 
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inner margin of the orbit. It consists of a firm fibrous loop through which 
the tendon of the muscle is carried in such a way as to be able to glide up 
and down in it. After traversing the trochlea, the tendon bends backward 
at an acute angle, and passes beneath the superior rectus to the eyeball. 
Here it spreads out in the form of a fan, and is inserted in the upper half 
of the eyeball about in the vertical meridian and behind the equator (0s1, 
Fig. 301). 

The inferior oblique arises from the lower margin of the orbit near 
its inner extremity (oi, Fig. 302). From here it runs upward and outward 
[beneath the inferior rectus] and arrives at the outer side of the eyeball, 
into which it is inserted about in the horizontal meridian and also behind 
the equator (07, Fig. 301). 

The tendons of the ocular muscles before reaching the sclera must 
pass through the fascia of Tenon (fascia bulbi) which surrounds the eye- 
ball. In the spot where a tendon of the muscle perforates the fascia, the 
latter does not present a corresponding aperture, but is reflected backward 
upon the tendon (e and e;, Fig. 1). Itensheathesthe tendon and further back 
is continuous with the fascia which envelopes the muscle itself. By these 
“lateral invaginations,” therefore, the tendons are connected with Tenon’s 
capsule—a fact which is of importance with regard to the operation for 
squint. 

The lines of insertion of the four recti muscles are situated at unequal distances 
from the margin of the cornea, and usually, too, are not quite concentric with it. More- 
over, they are not perfectly symmetrical in their relation to the horizontal and vertical 


meridians. The mean variations in regard 
to the position of the lines of insertion are 


Rsu 
shown as accurately as possible in Fig. 
303, which represents the anterior half 
of the eyeball projected upon a plane. In 
it are marked the distances of the lines of 
aS insertion from the cornea in millimeters, 
Rext. re Rint. as I have found them from the mean of a 
Se great number of measurements. 


The muscles are surrounded by fascie 
which are continuous anteriorly with Ten- 
on’s capsule at the spot where the latter 
is reflected upon the tendons of the mus- 
Fen cles. Lateral prolongations of the fascize 
unite the muscles together, and also pass 
from them to the bony wall of the orbit. 


2 
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Fie, 303.—Linges or INSERTION OF THE FotR 
Rectr Mvscies progecTeED UPON A PLANE. 


Natural size, By means of this system of fascise per- 
vading the orbit, the contents of the 
latter are fixed in place. It is owing to them that the eye does not leave 


its place when performing its movements, but turns about a fixed center. The 
continuations of the fascie, passing from the muscles to the walls of the orbit, act as 
a sort of restraining apparatus [check ligaments] which prevent extreme excursions 
of the eyeball (Merkel, Motais). They are most strongly developed upon the internal 
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and external recti (fi and fe, Fig. 284). [The superior oblique has two check ligaments, 
one attached to the direct, the other to the reflected portion of the tendon. The inferior 
oblique has no check ligament, its place being taken by the ligament attached to the 
reflected tendon of the superior oblique.-—D.] The levator palpebre superioris, too, 
which is associated in action with the superior rectus, is united to it directly by bands 
of fascia [See page 656. The inferior rectus is similarly connected with the inferior 
oblique]. Furthermore, bands of fascia pass from the levator to the skin of the upper 
lid and also to the upper retrotarsal fold, so that these structures follow the movements 
of the eyeball and the upper lid when these are elevated. An analogous apparatus 
comes into play when the eyeball is depressed, bands of fascia running from the infe- 
rior rectus into the lower lid and to the lower retrotarsal fold [see page 656]. 


635. Actions of the Muscles.—The movements of the eyeball take place 
freely in all directions as in a ball-and-socket joint (arthrodia). The move- 
ments are performed in such a way that the eyeball, as a whole, undergoes 
no change of place; it simply rotates about a center of movement which 
corresponds approximately to the center of the eye. 

We can imagine all movements of the eyeball resolved into compo- 
nents which correspond to three primary axes. These are perpendicular to 
each other and cross at the center of movement. One of these is vertical; 
the movements which take place about it are the lateral movements of 
the eye—that is, the movement to right and left, or to the outside (abduc- 
tion) and inside (adduction). The frontal axis (f f, Fig. 301), runs from 
right to left and the movements that correspond to it are those of elevation 
and depression of the eyeball. The sagittal axis (s s, Fig. 301) runs from 
before backward, and coincides with the line of vision. The movements 
which take place about it are known under the name of wheel rotation 
[torsion] of the eyeball; by virtue of them the upper extremity of the 
vertical meridian of the eyeball is inclined outward or inward. 

A simple action—simple in the sense of rotating the eyeball about 
only one of the three primary axes—belongs only to the internal and ex- 
ternal recti, which act merely to turn the eye inward and outward. The 
action of the other four ocular muscles is a complicated one, and if we seek 
to determine the axes about which they actually rotate the eyeball, we 
find that these do not coincide with any one of the three primary axes. 
Fig. 304 represents schematically the action of these muscles decomposed 
into its components. 

The superior rectus runs from the apex of the orbit not only forward | 
but also a little outward, in order to reach the eyeball. Its direction, 
hence, does not coincide exactly with the sagittal axis of the eye, but forms 
with it an angle, directed backward and inward (Figs. 301 and 305 A). 
Hence, as its insertion falls in front of the center of rotation of the eye, it 
will not only elevate the latter, but also adduct it, too. For the same reason 
it also so rolls the eye that the upper end of the vertical meridian tilts 


inward [intorsion]. 
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The inferior rectus likewise deviates somewhat to the outside in its 
course forward. Hence, besides lowering the eye, it has an adducting 
action. Furthermore, it so rolls the eye that the upper end of the vertical 
meridian tilts outward [extorsion]. 

To learn the action of the swperior oblique we have merely to consider 
that section of it which lies between trochlea and eyeball; the trochlea 
being, so to speak, the physiological origin of the muscle. Its action 

Elevation primarily consists in rolling 
the eye, so that the upper 
end of the vertical meri- 

eceveveseuss=e dian tilts inward. Since, 
furthermore, it is inserted 
into the posterior half of 
the eye, and ‘this insertion 
lies below the trochlea (os, 
Fig. 302), the posterior 
half of the eye is raised and 
the cornea consequently 
Suse tnese anew depressed when it con- 
tracts. The superior obli- 

que also produces abduc- 

Depouion tion of the eye, since it is 


Fic. 304.—Scuematic Pran Suowine THE Action or THE inserted behind the center 
Ocutar Muscuns. (After Marquez.) y 2 Z 

The action of each muscle is shown by arrows, which represent of rotation of the eye (Fig. 

this action as decomposed into its components, according to the o : <r 

parallelogram of forces. The components representing torsion are 301, 081), and in its con- 

drawn on the outer circle and indicate with their apices the posi- : : * 

tion of the extremity of the vertical meridian, when the upper traction draws the pos- 

end of the latter has been tilted by the muscle inward or out- + e 

ward, as the two dotted lines crossing in the center of the figure terior half of the eve 

represent. [The curved arm, in other words, shows the direction : @ 2 

in which the vertical meridian is tilted and the amount of tilting, NW ard, so that the corne: 

—D.] The inferior oblique, in accordance with its elevating ac- ~ ; 5 

tion, is drawn on the upper rim of the outer circle, and the supe- QOS outward. The supe- 

rior oblique, because of its depressing action, is drawn on the |: bli : 

lowerrim. There are shown by this plan: (1) Thatthe actionof TIOT O nlique accordingly 

the rectus medialis and rectus lateralis alone is simple, that of all he : 2 : 

the other museles being made up of the [two or] three components, ts to roll lintort], de- 

(2) That for allmovements, except the purely lateral ones, [two or] oe : 

three muscles act in concert. (8) That when this occurs, two out PIeSS, and abduct the eye. 

of the three components of each muscle are in large part nullified, DI} : . ‘ 

because opposed by those of other muscles, so that in general The inferior oblique 

only the third set of components, which have the same direction ne es : 

and hence act as if added together, come into play. [See also accomplishes a torsion of 


page (19°) the eye opposite to that 
effected by the superior oblique—i. e., a torsion in which the upper extrem- 
ity of the vertical meridian is inclined outward. Since its origin in the 
margin of the orbit lies below its insertion upon the posterior half of the 
eyeball (07, Fig. 302), it draws this half downward and thus elevates the 
cornea. Furthermore, since it draws the posterior half of the eyeball 
inward, it abducts the eye. The action of the inferior oblique is accordingly 
to roll [extort], elevate, and abduct the eyeball. 


(rteccore soe 


- 


tTorponpqy 
Adduction 


DISTURBANCES OF MOTILITY OF THE EYE Have 


In the case of muscles whose method of action is complicated (and, with the ex- 
ception of the first pair, this is the case with all the muscles), the effect of the individual 
components of which the total action is made up varies in intensity according to the 
position which the eyeball happens to occupy. As an illustration, we may explain 
how this is in the case of the superior rectus. When the eye is looking straight forward, 
so that its visual line coincides with the sagittal axis of motion, S S, (Fig. 805 A), the 
plane of action of the superior rectus forms with both the visual and the sagittal axis 
an angle of about 23°—this angle having its branches directed backward. Conse- 
quently, the muscle, besides causing an elevation of the eye, also adducts and rolls 
lintorts] it. If now the eye is turned out 23° (Fig. 305 B), the plane of action of the 
muscle coincides with the visual plane, G Gj. Then the action of the muscles will be 
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Fic. 305.—Mertrxop oF ACTION OF THE SUPERIOR RECTUS. 
A, in looking straight forward; B, in abduction; C, in adduction; S Si, sagittal axis of motion; G G1, 


visual axis. 

simply one of elevation, since the other two components disappear. On the other hand, 
the more the eye is turned inward, the more do the two components of adduction and 
torsion preponderate. They would reach their maximum if the eyeball could be turned 
far enough inward for its visual axis, @ G1, to forma right angle with the plane of the 
muscle (Fig. 305 C); and, on the other hand, the action of elevation would then have 
become reduced to nothing, In like fashion, the action of the individual components 
can be deduced from the position of the eye for every other ocular muscle as soon as 
the course that it takes is accurately known. This fact is of importance for the diag- 
nosis of paralyses of the ocular muscles, the failure of the paralyzed muscles being 
particularly marked in the direction of one or the other of the components of its action, 
according to the different way in which the eye is directed. 

(636. Main and Subsidiary Actions.—Extending the foregoing analy- 
sis to all the muscles, we arrive at the following conclusions : 

1. Each eye muscle except the internal and external rectus has a 
main and a subsidiary action. 

2. The main action increases as the subsidiary decreases, and vice 
versa. ; 

3. The main action increases in one special direction of the gaze. 

These facts are shown in the table subjoined. 
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Main Action SupsipIARy ACTION 
SUPERIOR Moves eye up; action increases Adducts eye and rotates vertical 
ReEctus as eye is turned out; becomes nil meridian inward; action in- 
when eye is turned in. creases as eye is turned in. 
Raises upper lid. 
INFERIOR Moves eye up; action increases Abducts eye and rotates verti- 
OBLIQUE as eye is turned in; becomes nil cal meridian outward; action 
when eye is turned out. increases as eye is turned out. 
INFERIOR Moves eye down; action in- Adducts eye and rotates verti- 
Recrus creases as eye is turned out; be- cal meridian out; action in- 
comes nil when eye is turned in. creases as eye is turned in. 
Pulls down lower lid.t 
SUPERIOR Moves eye down; action in- Abducts eye and rotates verti- 
OBLIQUE creases as eye is turned in; be- cal meridian in; action increases 


comes nil when eye is turned out. 


as eye is turned out.—D.] 


637. Antagonists.—If we call muscles which rotate the eye in opposite 
ways about one of the main axes antagonists, the muscles may be grouped 
as follows:— | 

The internal and external recti rotate the eye about the vertical axis 
exclusively and are, therefore, the only perfect antagonists. 

The superior and inferior recti rotate the eye in opposite ways about 
the frontal axis (to produce elevation and depression) and about the 
sagittal axis (to produce torsion), and to this extent are antagonists; but 
both act as adductors. 

The superior and inferior obliques rotate the eye in opposite directions 
about the sagittal axis (to produce torsion) and the frontal axis (to elevate 
and depress), acting thus as antagonists; but both act alike to produce 
abduction. 

[The four recti are antagonistic to the obliques in the sense that the former retract 
the eye, and the latter draw it forward.—D.] 

[Opposing muscles act not only to check, reverse or modify the movement initiated 
by the antagonist, but also by their counteraction make the movement of a moving 
eye steadier (see pages 719 and 721) and furthermore maintain the balance of the eye 
when at rest. Quite certainly all the muscles take part in this action, so that when 
the eye is at rest it is maintained in position by the balanced contraction of all 
six muscles. This is especially the case when no one of the six is predominantly acting, 
but all are equally relaxed, yet maintain their normal tonus. When this is the case, 
the eye is said to be in the primary position (or position of equilibrium). In normal 
subjects each eye is then directed straight ahead in the horizontal. plane, the visual 
axes being horizontal and parallel with the sagittal plane. When otherwise directed 
the eye is said to be in a secondary position.—D.] 

[638. Monocular Movements.— Rarely does one muscle alone effect a 
movement of the eye. This [possibly] occurs when the eye is carried straight 
out or straight in from the primary position, in which event simply the 
external or internal rectus [may] act. But in all other movements 


1 From fascial attachments of the tendon to the lid, 
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two or even three of the eye muscles always take part. [In fact, as the 
following scheme shows, in probably every movement of the eye, includ- 
ing simple adduction and abduction, from three to five muscles take 
part, some acting directly, others serving to steady the eye in its course. 


ABDUCTION 
The eye is carried straight out by the external rectus assisted especially toward 
the end of its course, by the two obliques.2. The latter nullify each others’ vertical 
and torsion action, so that the eye moves straight out, and its vertical meridian re- 
mains vertical. The external rectus pulls the outer canthus outward. 


ADDUCTION 
The eye is carried straight in by the internal rectus assisted, especially toward 
the end of its course by the superior and inferior recti.?. The latter nullify each others’ 
vertical and torsion action, so that the eye moves straight inward, and its vertical 
meridian remains vertical, The inner ¢anthus is pulled back and inward, 


ELEVATION 

The eye is carried straight up by the superior rectus and the inferior oblique, the 
external and internal recti probably acting to steady it in its course. The two elevat- 
ing muscles counteract each other so far as regards lateral action and torsion, so that 
the eye moves straight up and the vertical meridian remains vertical. The superior 
rectus helps to lift the upper lid. 

In moving wp and out, the eye is carried up mainly by the superior rectus, out by 
the external rectus assisted by the inferior oblique. The vertical meridian is tilted 
outward.* : 

In moving wp and in, the eye is carried up mainly by the inferior oblique, in by the 
internal rectus assisted by the superior rectus. The vertical meridian is tilted inward.® 


DEPRESSION 

The eye is carried straight down by the inferior rectus and the superior oblique, 
the external and internal recti probably acting to steady it in its descent. The lateral 
and the torsion actions of the two depressors nullify. each other, so that the eye moves 
straight down and its vertical meridian remains vertical. The inferior rectus assists 
in depressing the lower lid. 

In moving down and out, the eye is carried down mainly by the inferior rectus, 
out by the external rectus assisted by the superior oblique. The vertical meridian 
is tilted inward. 

In moving down and in, the eye is carried down mainly by the superior oblique, in by 
the internal rectus aided by the inferior rectus. The vertical meridian is tilted out.—D.] 


[For the amount that the eye can be carried in the several directions, 


see § 676.—D.| 
639. Binocular Movements.—When we look with both eyes the 


muscles of one eye work with those of the other in such a way that the 


2 [When the eye is abducted the superior and inferior recti also act, but as they have httle or no 
adducting power when the eye is turned out, and as their torsion and vertical actions nullify each other, 
all they can do is to steady the eye in its course by their mutually counteracting pull. The same is true 
of the two obliques when the eye is adducted.—D.] | ; j gest 

3 [When the eye is abducted the lateral and torsion action of the superior rectus is slight and that 
of the inferior oblique marked; on the other hand, the elevating power of the latter is nil and that 
of the superior rectus considerable. Hence if both muscles act, the eye is carried up almost exclusively 
by the superior rectus while the preponderating lateral action of the oblique carries it still further 
out, and tilts its meridian outward. Similar reasoning applies to the statements made regarding the 
lateral movements and the position of the vertical meridian in the other directions of the gaze.—D.] 
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visual lines of the two eyes intersect in the object of fixation. To effect 
this the eyes either both move in the same direction (i. e., both to the right, 
both up, etc.) [parallel (or conjugate) movements] or both move so as to 
produce convergence or divergence [disjunctive movements]. 

[640. Field of Action of Muscles; Cardinal Directions.—The muscles 
of the two eyes may be grouped according to their main action as follows: _ 


I, LaTersAL RorTatTors 


Right Rotators Left Rotators 
(Carrying both eyes to right.) (Carrying both eyes to left.) 
R. external rectus R. internal rectus 
L. internal rectus L. external rectus 
II. ELevators 
Right-hand Elevators Left-hand Elevators 
(Acting as elevators mainly when eyes (Acting as elevators mainly when eyes 
are directed to right.) are directed to left.) 
R. superior rectus R. inferior oblique 
L. inferior oblique L. superior rectus 
Ill. Depressors 
Right-hand Depressors. Left-hand Depressors. 
(Acting as depressors mainly when eyes (Acting as depressors mainly when eyes 
are directed to right.) are directed to left.) 
R. inferior rectus R. superior oblique 
L. superior oblique L. inferior rectus 


The twelve muscles of the two eyes are thus divided into three groups 
of four each; and each group comprises two pairs of muscles, one muscle 
of each pair being in the right eye, the other in the left. The two 
muscles of each pair are called associates. 

It will be seen that each pair of associates has its predominant field of 
action (i. e., direction of the gaze in which it is most active), viz. 


Eyes directed to— Muscle predominantly acting— 
Right R. external rectus L. internal rectus 
Left R. internal rectus L. external rectus 
Up and right R. superior rectus L.. inferior oblique 
Up and left R. inferior oblique L. superior rectus 
Down and right R. inferior rectus L. superior oblique 
Down and left R. superior oblique L. inferior rectus 


These six directions of the gaze (right, left, up and right, ete.), are of 
prime importance in the diagnosis of paralysis and are hence called the 
cardinal directions of the gaze.—D.} 

[641. Conjugate Movements.—If in the summary of monocular 
movements given on page 718 we substitute for the expressions in and 
out their equivalents right and left, as the case may be, we find that the 
conjugate movements of the two eyes are performed as follows: 


ee 


\ 
/\ 
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LATERAL MovremMENTS 


The eyes are carried to the right by the two right rotators, to the left by the two 
left rotators, the eyes being steadied in their course by the elevators and depressors. 


The vertical meridians remain vertical. 


ELEVATION 


The two eyes are carried straight wp by the four elevators, being also steadied in 
their course by the external and internal recti. The vertical meridians remain vertical. 

In moving up and right, the eyes are carried up mainly by the two right-hand ele- 
vators, to the right by the two right rotators assisted by the two left-hand elevators. 
The vertical meridians are both rotated to the right. 

In moving up and left, the two eyes are carried up mainly by the two left-hand 
elevators, to the left by the two left rotators assisted by the two right-hand elevators. 
The vertical meridians are both rotated to the left: 


DEPRESSION 


The two eyes are carried straight down by the four depressors, being also steadied in 
their course by the external and internal recti. The vertical meridians remain vertical. 

In moving down and right, the eyes are carried down mainly by the two right- 
hand depressors, to the right by the two right rotators assisted by the two left-hand 
depressors. The vertical meridians are both rotated to the left. 

In moving down and left, the eyes are carried down mainly by the two left-hand 
depressors, to the left by the two left rotators assisted by the two right-hand depres- 
sors. The vertical meridians are both rotated to the right.—D.] 


642. [Disjunctive Movements of the Two Eyes.—The disjunctive 
movements of the eyes are— 

1. Convergence, effected by an equal and simultaneous contraction of 
both internal recti. It may be combined with a parallel movement, the 
eyes being converged and also moved right, left, up, or down.—D.] 


{Owing. to a combination of this sort, it may appear that one eye stands still while 
the other converges. Thus, if a prism is placed, base out, before the left eye, it will 
seem as if the latter alone turned inward in obedience to the converging impulse, while 
the right eye remained fixed. In reality, both eyes converge to an equal amount, say 
5°, then both rotate 5° to the right, the net result of the movement being that the right 
eye, although converging, looks straight forward. The same thing happens when an 
object which the eyes are following, is brought toward them, not in the median line, 
but in line with the right eye.—D.] 

[The nearest point on which the two eyes can be converged by the utmost effort 
is called the convergence near point, and the'furthest point to which they can be directed 
by the utmost relaxation of the converging muscles is the convergence far point.—D.] 
The latter either lies at infinite distance, in case the visual lines are parallel, when the 
convergence is completely relaxed, or it lies within infinite distance (1. @., is positive) or 
beyond (i.e.,isnegative). Thelatterexpression means that a certain degree of divergence 
is possible, which indeed istherule for normaleyes. Thedifference between the maximum 
and minimum of convergence (far point and near point of convergence) is the ampli- 
tude of convergence, which, in cases where the eyes can be made to diverge beyond paral-, 
lelism, is composed of a positive and of a negative portion. This way of regarding the 
convergence is like that which since Donders’s time has obtained with respect to the 
accommodation (see § 759), and is intended to facilitate the comparison of these two 
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functions which are so intimately related. With the same object in view Nagel has 
introduced the term metre-angle. Letoo (I ig. 306) be the base line, re e., the line con- 
necting the centers of rotation of the two eyes, and M C the median line. The angle 
of convergence is the angle through which the eye has to be deflected from the position. 
of parallelism in order to be directed toward a point, C. That is, it is the angle w, or, 
what is the same thing, the angle w. Its magnitude is in inverse proportion to the dis- 
tance of the object looked at (precisely as in the case of accommodation). The angle 
of convergence required in order to sight a point situated one metre in front of the eyes 
is called a metre-angle (mw [or MAJ); and this constitutes the unit for the numerical 
denotation of the degree of convergence. 
When the object sighted is at 2 metres dis- 
tance the convergence amounts to 0.5 MA; 
when the point is at 50 cm., the convergence 
is 2 MA, ete. This method of denoting the 
degree of convergence has the advantage 
that it parallels in all respects the expressions 
used to indicate the work done in accom- 
Fia. 306.—REPRESENTATION OF THE METRE- modation. Thus for a distance of 50 cm. a 

ANGLE, convergence of 2 MA and an accommoda- 
tion of 2 D are required. The magnitude of the metre-angle, measured in degrees, 
varies in different persons, since it depends upon the length of the base line;on an average 
(with a base line of 64 mm.) it amounts to 1°50’. [The average normal convergence is 
16 MA, the divergence 1 MA.] The angle oCM or Wj, that each eye makes in converg- 
ing on its fellow, is the convergence-adduction. Its usual maximum varies between 24° 
and 27°—rarely reaching 30°. Itis thus not much over one-half the maximum latero- 
adduction or angle through which the eye can be carried when turning inward when 
making a parallel (conjugate) movement with its fellow (see § 676 and for the precise 
measurement of the convergence-adduction see §§ 677 and 679)—D.] 


[2. Dwergence, effected by a simultaneous and equal relaxation of both 
internal recti (passive divergence), assisted probably by a simultaneous 
and equal contraction of both external recti (active divergence).—D.] 


[The utmost amount by which each eye can diverge beyond parallelism (divergence- 
abduction) is not over 1.5°-2°. It is thus very much less than the lavero-abduction, or 
the angle through which each eye can be turned out when moving in parallelism with 
its fellow (see § 676 and cf. $$ 677 and 679),—D.] 


[3. Divergence in a vertical plane, effected by simultaneous contraction 
of the elevators of one eye and the depressors of the other.—D.] 

643. Nerves Governing the Ocular Muscles and Movements.—The 
innervation of the ocular muscles is accomplished by three nerves. The 
oculo-motor nerve supplies the internal, superior, and inferior recti, and 
also the inferior oblique. Moreover, the levator palpebre superioris and 
the interior muscles of the eye, namely, the sphincter pupille and the 
ciliary muscle are innervated by it. The abducens nerve is reserved for 
the external rectus, the trochlear nerve for the superior oblique. The 
nuclei for the three nerves supplying the eye muscles lie [beneath the 
aqueduct and] upon the floor of the fourth ventricle. [See Fig. 307.] 
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The association of the eye movements is regulated by the association 
centers, which are centers of a higher order than the nerve nuclei. Accord— 
ing to the necessities of the case, they innervate certain muscles or groups: 
of muscles of one eye simultaneously with those of the other. The internal 
rectus of the right eye, for example, may be set into action at the same 
time with the internal rectus of the left eye, so that a movement of con- 
vergence takes place; but, on the other hand, it may also act in concert 
with the external rectus of the left eye, so that both eyes are turned to the 
left. 


/ 


The nuclei from which the nerves of the ocular muscles arise lie one beneath the 
other, and are connected by transverse fibers which run from the nuclei of one side to. 


UY), 


MN, 


Fic. 307.—NUcLEI OF ORIGIN OF THE NERVES OF THE OcuLAR Muscies. ScHEMATIC SAGITTAL SEC- 
TION THROUGH THE CAauUDEX CEREBRI. Natural size. 


The oculo-motor nucleus, JIJ, lies beneath the anterior pair of tubercles of the corpus quadri- 
geminum, Q. The fibers coming from this nucleus run, converging downward, and emerge as a united 
nerve trunk, O, at the anterior border of the pons, Po. Directly behind the vculo-metor nucleus les 
the nucleus, JV, of the trochlear nerve, from which the trunk of the nerve passes upward. The two 
points (drawn of light color in the figure) directly above it, and at the posterior margin of the corpus 
quadrigeminum, represent the cross sections of the trunks of the trochlear nerves as they decussate in 
the velum medullare anticum. The nucleus of the abducens, VJ, lies upon the floor of the fourth ven- 
tricle, 4,-directly beneath the nucleus of the facial nerve, VIZ. The dotted band running from the 
nucleus of the abducens to the nucleus of the trochlear nerve represents the posterior longitudinal 
fasciculus connecting the nerve nuclei. The trunk of the abducens, A, emerges at the posterior bor- 
der of the pons. a shows the site of a lesion which, through destruction of the oculo-motor nerve, O 
and the pyramidal tract, P P, would result in a crossed paralysis of this nerve and of the extremi- 
ties. In like fashion a lesion at b would produce crossed paralysis of the abducens and of the ex- 
tremities. Pi P1, pyramidal tract of the other side; Th, optic thalamus, 


those of the other, and by longitudinal fibers (the posterior longitudinal bundle), which 
joins the proximal to the distal nuclei. From the nuclei fibers ascend to the cortex, going 
to the centers for the voluntary associated movements of the eyes in the gyrus angularis 
(Bernhiemer). [It seems likely that the angular gyrus is rather the center for reflex 
or involuntary associated movements, the centers for willed movements of the eyes, 
conjugate, convergent, and divergent being situated farther forward in the cortex 
(according to Sherrington, Bechterew, and others, in the frontal lobe).—D.] 

The nerve nuclei themselves lie beneath the aqueduct of Sylvius and om 
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the floor of the fourth ventricle on both sides of the rhaphe. 
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The most anterior is 


the nucleus of the oculo-motor nerve (III, Fig. 307), which lies beneath the aqueduct in 


the region of the anterior corpora bigemina. 
paired group of ganglion cells. 
composed of a number of partial nuclei: 


It consists of several paired and one un- 
And in a physiological sense it must be regarded as 
But which separate group of ganglion cells 


belong to each muscle innervated by the oculo-motor nerve has not yet been precisely 


Fic. 308.—ScHEMATIC REPRESENTATION OF THE Nv- 
CLEAR REGION OF THE OCULO-MOTOR AND THE 
TrocHLEAR Nerves IN A Monkey. Seen from 
above. (After Bernheimer.) 


The median nuclei are shaded; they are designed 
for the interior muscles of the eye, the two anterior 
(paired and composed of small cells) being designed 
for the pupil, the posterior (unpaired, large-celled 
median nucleus) for accommodation. The groups of 
ganglion cells situated on either side of the median 
nuclei form together the right and left main lateral 
nucleus. They comprise the region of origin of the 
nerves for the exterior ocular muscles, and immediately 
adjoining them behind is the nucleus of the trochlear 
nerve. [All4 the fibers from the partial nuclei of the 
interior muscles, the levator and the superior rectus, 
most. of those from the partial nucleus of the internal 
rectus, and a few of those from the partial nucleus for 
the inferior oblique, run to the eye of the same side; 
the remaining fibers from these latter two nuclei and 
all the fibers from the nuclei of the inferior rectus and 
the superior oblique run to the eye of the other side. 
See also Fig. 318.—D.] The actual disposition of the 
nucleus is such that the partial nucleus for the levator 
represents the proximal, that for the inferior rectus the 
distal end of the main lateral nucleus, and the median 
nuclei lie between the proximal ends of the lateral nu- 
clei. In reality no sharp differentiation of the partial 
nuclei within the main lateral nucleus e xists, and hence 
the situation of the individual partial nuclei cannot 
be determined precisely but approximately only. 


the corpus quadrigeminum. But the 


fibers which 


determined for man. For monkeys, in 
which the relations are probably simi- 
lar, Bernheimer, on the basis of experi- 
mental investigations, has worked out 
the plan shown in Fig. 308. This 
confirms what clinical experience has 
already shown, that the nuclei of origin 
of muscles that are synergetic in ac- 
tion are in juxtaposition—e. g., the 
nuclei for the pupil, for accommo- 
dation, and for convergence (internal 
recti); the nuclei of the superior rectus 
and fiction oblique (subserving ele- 
vation of the eye); and the nuclei 
(subserving depression of the eye) of 
the inferior rectus and the trochlearis, 
which latter does not belong to the 
domain of the oculo-motor nerve. 

The fibers coming from the ocu- 
lo-motor nucleus pass down through the 
crus cerebri, part of the fibers remain- 
ing on the same side, another part 
crossing to the other side. At the base 
of the brain the oculo-motor fibers 
become visible on the anterior border 
of the pons (O, Fig. 307). From this 
point the oculo-motor nerve runs in the 
wall of the cavernous sinus (Fig. 310) 
and through the superior orbital fissure 
into the orbit. 

The nucleus of the trochlear nerve 
(WV, Fig. 307) follows 
upon the posterior extremity 


almost directly 
of the 
oculo-motor nucleus, so that it might 
almost be regarded as the last partial 
nucleus of the latter [ef. Fig. 309]. It 
lies beneath the posterior tubercles of 
from it do 


arise not join 


with the trunk of the oculo-motor nerve which runs downward, but pass in the opposite 


direction upward and backward, 


into the velum medullare anticum, 


In this they 


pass over to the other side and thus decussate with the fibers of the opposite nerve 
and then come out upon the base of the brain, winding about the crus cerebri an 


passing outward. 


4[This description has been modified somewhat from the original to make it conform to Bern- 


heimer’s statements.—D.] 


——_— ee 
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[Fre. 309.—DistTrRiBuTION OF THE NERVES RUNNING TO THE MoToOR APPARATUS OF THE EYE 
ACCORDING TO BERNHEIMER. Left Nucleus. 


A, section of left 6th nerve; B, section of left 3d nerve, comprising only that portion which con- 
tains the direct fibers (from the left nucleus); C, section of right 3d nerve, comprising only that portion 
which contains the crossed fibers (from the left nucleus); D, section of right 4th nerve. R, right eye. 
L, left eye. U, right upper lid. JJZ, left oculo-motor nucleus. IJV, left trochlear nucleus. VJ, left 
abducens nucleus, connected with JII by posterior longitudinal bundle, P. a, a, a, association fibers, 
from right hemisphere (angular gyrus) to VJ, bifurcating there to form a’, a’, a’, fibers to the left ex- 
ternal rectus and a’, a’’, a’’, fibers to right internal rectus. Latter fibers pass through P to IIT and 
thence through C to the muscle. These fibers subserve parallel movements only, i. e., rotation to the 
left in conjunction with the left external rectus. 5, b, b, fibers to left internal rectus (subserving con- 
vergence only, not parallel movements). c, c, ¢, fibers to left superior rectus. d, d, d, fibers to left 
levator palpebre. e, ¢, e, fibers, (few in number) to the left inferior oblique. /, /, f, fibers (many in 
number) to right inferior oblique. 4g, g, g, fibers to right inferior rectus. h, h, h, fibers to right superior 


oblique. i, i, i, fibers to left iris and ciliary muscle.—D 


Carotis 
Oculomotorius------ A; = ji Infundibulum 
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Fic. 310.—FronTAL SEcTION THROUGH THE Srnus Cavernosus. (After Merkel). 

The sinus lies upon the lateral division of the body of the sphenoid bone. It is traversed by 
numerous septa which are attached also to the inner and lower wall of the carotid artery, which form- 
ing an S-shaped bend lies in the sinus. The outer and upper wall of the carotid artery is adherent 
to the wall of the sinus. Imbedded in this wall lie the three nerves supplying the eye muscles, and 
further below lie the first and second branches of the trigeminus. The third branch of the trigeminus 
leaves the cranial cavity through the foramen ovale. 
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The nucleus of the abducens (VI, Fig. 307) lies pretty far behind the nuclei of 
the other two nerves, and in the immediate vicinity of the facial nucleus (V/J, Fig. 
307), a little in front of the striw medullares. The nerve fibers arising from the nucleus 
pass downward between the bundles of the pyramidal tracts and become visible at | 
the posterior border of the pons (A, Fig. 307). Both the trochlear and the abducens 
nerves, as soon as they have reached the base of the brain, run forward like the oculo- 
motor nerve and pass through the cavernous sinus (Fig. 310) and through the superior 
orbital fissure into the orbit. 


644. Projection and OrientationOrientation in space—i. e., the 
ascription of objects seen to the place where they actually belong—is 
effected in the following way: The objects of the external world form 
images upon the retina. To find the situation of the retinal image of any 
object whatever, we only need draw a line from the object to the retina 
through the nodal point of the eye (k, Fig. 311), since those rays that pass 
through the nodal point (principal rays) pass unrefracted to the retina. 
Thus the image of the object of fixation, o (Fig. 311), lies at fe (the fovea 


0, “ 
0 fc 
by 
0) 
Fic. 311.—PrRosecTion oF RETINAL IMAGES Fig. 312.—BINocuLarR SINGLE VISION. 


EXTERNALLY. 


centralis). Objects, such as 01, situated beneath the point of fixation, 
throw their image above the fovea centralis, at b;; and, on the other hand, 
the object 01 lymg above the point of fixation has its image at b,, beneath 
the fovea. We ourselves judge of the place in which an object is by follow- 
ing out a reverse process. We refer the object to the extremity of a line 
which passes outward from the retinal image and through the nodal point. 
This process of determining the place of external objects, which is learned 
by experience, is called projection (of the retinal images outward). By 
virtue of it we see the objects in the outer world arranged side by side just 
as their images are upon our retina, only in reverse order; whatever forms 
an image to the right of the point of fixation, is seen upon the left of the 
latter, etc. We are thus informed with certainty in regard to the position 
of objects relative to each other (objective orientation). But for perfect 
orientation it is further requisite that we should assign to its correct situa- 
tion in space the whole mosaic of images that we project from our retina 
into the outside world, and which is already properly constructed as far as 
the relation of its own parts to each other is concerned. Not till we do 
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this can we have any conception, corresponding to the real state of things; a 
conception, that is, of the position of objects not only with reference to each 
other but also with reference to our own body (subjective orientation). Such. 
subjective orientation depends upon our having a knowledge of the position 
of our own body in space, and of the position which the eyes occupy in our 
body. The former is accomplished by virtue of the sense of equilibrium, 
the latter by the muscular sensations which originate in the ocular muscles, 
and which inform us how our eyes are directed with relation to our body. 
By means of subjective and objective orientation together, we are able to 
recognize correctly the absolute position in space of any object that we see. 

As a rule, we see with both eyes at once, these being so placed by 
means of their associated movements that their visual lines cross in the 
object looked at—i. e., we “fix’’ [or “sight’’] the object with both. The 
object o (Fig. 312) then forms an image in the fovea centralis (f and f,). 
in both eyes. An object, 01, situated to the left of the point of fixation, 
would cast an image at b and by, to the right of the fovea in both eyes, and 
in both eyes, moreover, equally far to the right of it. These images, as 
well as all others that are situated on symmetrically disposed spots of the 
two retin, are, according to the law of projection, located by both eyes, 
at the same point of the outer world (0 0, etc.), and hence are seen single 
(binocular single vision). 

645. Binocular Vision.—The fact of a person’s seeing single with two 
eyes > may be accomplished in two ways. Either he fixes correctly with 
both eyes and refers to the same spot the impressions produced in both 
(binocular single vision) or one of the two eyes fails to see, either because 
it is blind or because it suppresses the impression that it receives (monocu- 
lar vision). 

How can we know which of these two conditions is present in any given 
ease? One way is by determining whether the object is fixated properly with both eyes, 


for it is only under these conditions that binocular single vision is possible. If a mani- 
fest deviation of one eye is present, no further test is necessary. The case is different 


“if there is no deviation that we can see or at least none that we can be certain of. Then 


we make the following test: We make the patient fixate an object, e. g., a lighted can- 
dle, some metres distant, and we cover first one eye, then the other. If the two eyes 
are rightly placed, each will remain fixed in its position after the other is covered. But 
let us assume that the right eye deviates a little outward when the left is fixed upon 
the object. If, now, the former is covered the left will continue in-the act of fixation; 
but if the left is covered, the right has to be brought into the position of fixation by a 
movement of adduction. Hence, in covering the eye which is performing fixation, 
we notice a movement of adjustment in the nonfixing eye, the direction of which move- 
ment is precisely opposite to that of the previous deflection. This movement of adjust- » 
ment is still distinctly visible when the deflection itself is too slight to be recognized 
with certainty. AD 

5(The patient often gives wrong information on this point, alleging that he sees single either 
because through his own inattention or faultiness in our methods of examination the fact of his seeing 


double is not brought home to him, or because, as happens in periodic and intermittent squint, he sees 
single at one moment and double at another.—D.] 
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Now in all cases in which correct fixation by the two eyes is not present—and 
that, whether the deviation is a manifest one or is demonstrated only by the test above 
given—, binocular single vision cannot exist. If, nevertheless, there is single vision, 
this can be accounted for only upon the assumption that the image formed in the devi- 
ating eye is either not perceived or is suppressed. If, on the other hand, correct fixation 
is proved to exist in both eyes, we may assume that the single vision is a binocular 
one.6 In order to be quite sure, we may apply another test, so as to determine whether 
the single vision depends upon the fusion of the two images or upon the suppression 
of one. We hold a prism with its base down before one of the eyes (Fig. 343). If there 
was a binocular vision before, two images would now necessarily be seen standing 
one above the other (0 and o:). But if there is still single vision, this can only occur 
because the image formed in one of the eyes is either not perceived or is neglected. 
[Another test is bar-reading and the use of the red glass (see § 675).] 

It is only a person who has binocular single vision that has also real solid or stereo- 
scopic vision. Hence, we may also test binocular vision with stereoscopic pictures, 
special samples of which have been made for this purpose lor with the amblyoscope 
(see § 675)]. A particularly delicate test of stereoscopic vision—i. e., of the perception 
of degrees of depth—is by means of Hering’s test with falling bodies. The person under 
examination looks with both eyes through a long tube at a slender thread stretched 
vertically. Little balls (glass beads or peas) are dropped alongside of the thread, some- 
times in front of it, sometimes behind. A man having proper binocular vision will tell 
every time, and without delay and without mistake, whether the balls have fallen in 
front or behind the thread; but one having only monocular vision can at best guess at 
what takes place, and hence often makes a mistake. 


646. Binocular Diplopia——Interference with binocular single vision is 
manifested by binocular diplopia, which makes its appearance when the 
visual axis of one eye deviates from the object of fixation, For example, 

R 


R 


= 


Fria. 313.—Homonymovus Dovusir IMaAazs. Fie, 314.—Crossep Douste IMaqEs. 

the right eye, R (Fig. 313), sights the point, 0, while the visual axis, g, of 
the left eye, L, deviates inward, because the eye has a convergent squint 
The point, 0, then forms an image at the fovea, f, in the right eye, but in 
the left it forms an image at b to the right of the fovea, f;. With the right 
eye the object is seen in its right place, 0. With the left eye, too, the 

object would be seen at : i Osi inal im: is, i 
7 ] seen uta point opposite the retinal image, b, that is, in 
its proper situation, 0, and hence would be seen single with binocular 

6 [This is by no means a safe assumption Aig is si Te — 

OE eg ene tee ption. 1e test above made is simply one of bin i i 
ee 2 674, description of the screen test), and not at all one of binocular vision. It is aie ose 


especially in a case of cured squint, for : i 
J Se | ad s , for a person to have binocular fixation ¢ M4 
suppression of one image and hence only monocular vision,—D } fixation and yet also have complete 


~ ean also place a colored glass ‘ 
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vision, if the person possessing such an eye were not in error with regard 
to the way in which the left eye is directed. He knows nothing of the 
deviation of this eye inward, but has the idea that, like the right, it has 
its visual axis adjusted for the object. He therefore expects the image of 
the object to be at the fovea in the left eye as well as in the right. But 
as this is not the case, and the image, b, lies to the right of the fovea, he 
thence concludes that the object, 0, has become displaced toward the left— 
that is, to 0;—since he knows from former experience that all objects 
situated to the left of the point of fixation throw thoir images to the right 
of the fovea. In this case, accordingly, the subjective orientation is not 


_ correct; the entire mosaic of retinal images in the left eye is located in 


space too far to the left, because the person who has such an eye has an 
erroneous impression in regard to the way in which it is placed in his head 
(Nagel, Alfred Graefe). 

The double images that have been here selected as an example are 
known as homonymous, because 


the image, 0, seen upon the right Wie 

side belongs to the right eye and cae 

the one, 03, seen on the left be- Fe, 

longs to the left-eye. In practice us ty x 

this fact is determined by cover- 0; E hs 
\ i] 


ing, for a moment, first one eye | 
and then the other, and asking  \ 
the patient which of the twoim- \ 
ages in each case disappears. We x 


before one eye and have the : 

; ’ Fie. 315.—Dovus ie IMAGES, WITH DIFFERENCE 
patient tell which of the two IN LEVEL. 
images is colored, and which appears of its natural hue. Homonymous 
double images depend, as the preceding demonstration shows, upon 
undue convergence of the eyes. 

Heteronymous or crossed double images are produced when there is a 
relative divergence of the eyes. In Fig. 314 the left eye, L, deviates 
outward. The image of the point, 0, therefore falls to the left of the fovea; 
fi, at b, for which reason the object itself is erroneously seen at 01, to the 
right of the point of fixation, 0. In this case the left image corresponds 
to the right eye, while the right image corresponds to the left eye. 

A difference in the level of the double images occurs when the eyes 
themselves stand on different levels. In Fig. 315 the eyes are represented 
as behind each other instead of side by side. The right eye, R, sights the ob- 
ject correctly, but the left eye, L, is deviated upward. Hence, the image, }, 
of the point, 0, falls above the fovea, fi, in the left eye, and the person 
who has such an eye imagines, because he believes that the eye is correctly 
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placed, that he sees the point, 0, at 01, below its true situation, since when 
the eyes are correctly placed all objects situated below the visual plane 
cast their images upon the upper half of the retina. The image which 
stands lower, therefore, always belongs to the eye which stands higher, 
and vice versa. [We arbitrarily denote the vertical diplopia as right or 
left according as the image formed by the right or the left eye is lower, 
indicating that the eye itself is higher. (Right and left diplopia, therefore, 
correspond to right and left hyperphoria (see § 669).—D.] 

Double images may also be inclined in such a way that their upper or 
lower extremities are approximated. This is the case when one of the two 
eyes has undergone a rotation about its sagittal axis and the other has not. 
In Fig. 316 A, R and L represent the posterior halves of the two eyes seen 


A 
SSS 
rasa 


s 


Fie. 316.—Dovusie IMAGES WITH OBLIQUITY. 


from behind and imagined to be transparent, so that the inverted image 
of an arrow is seen as it is situated upon the retina. In the right eye the 
vertical meridian of the retina, v v, really does stand vertical, but in the left 
eye (v; 0) it is supposed to be inclined. The image of a vertically directed 
arrow is also vertical in the two retin; hence, in the right eye it coincides 
with the vertical meridian, but in the left eye it forms an angle with the 
vertical meridian, because this is inclined. Since, now, the left eye has 
been previously accustomed to consider as vertical only those objects the 
images of which coincide with the vertical meridian, it will consider the 
arrow as having an oblique position.” Hence, two images of the arrow are 
seen (Mig. 316 B, w and s), of which that belonging to the left eye stands 
obliquely. [Necessarily, according to the laws of projection, the image, s, 
seen by the left eye, appears tilted the opposite way to that in which the 

7 [This applies only to a pathological tilting in which the vertical meridian of one eye is no longer 
parallel with that of the other. The physiological tilting which oceurs in the oblique positions of the 


gaze (cee remarks under Actions of the Ocular Muscle, pages 719-721), and in which the vertical merid- 


jians of the two eyes, although tilted, remain parallel to each other, is not associated with apparent 
tilting of the object looked at.—D.] 


= é \ 
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eye itself is tilted. For the lower end, p!, of the retinal image is formed 
on the outer as well as the lower part of the retina. Consequently it is 
projected not only up, but also in (to the right), so that the point of the 
arrow appears located in space above and to the right of the arrow’s center. 
So too, the upper end, p, of the retinal image, which falls on the inner part 
of the retina, is projected out (to the left) as well as down, and appears in 
space, therefore, to the left of the arrow’s center. Hence, while the eye 
itself is tilted to the left, the image formed by it is tilted to the right. —D.] 

[Thus it will be seen that in all varieties of diplopia the image formed 
by the deviating eye is always deflected in a direction opposite to that in which 
the eye is deviated (to the right if the eye is deflected to the left, up if the 
eye is deflected down, tilted to the right if the eye is tilted to the left, etc.). 
This is a necessary consequence of the law of projection.—D.} 


[Binocular single vision is converted into binocular double vision when one of the 
two eyes leaves the correct position of fixation. This takes place most frequently in 
consequence of disturbances in the muscular apparatus of the eye. But the eye can 
also be forced mechanically into an incorrect position—e. g., by tumors in the orbit, 
ete. Binocular double vision can readily be produced experimentally by pushing one 
eye a little to one side by pressure with the finger. Finally, double vision ensues when- 
ever the excursions of one eye are limited, as compared with those of the other by mechan- 
ical obstacles, as, for example, by symblepharon or by pterygium. 

In diplopia the distance between the double images measured in degrees of are corre- 
sponds precisely to the deflection of the deviating eye from the correct position, and 
can therefore serve as a measure for the degree of deviation. The linear distance 
between the double images, on the contrary, depends not only upon the degree of devi- 
ation, but also upon the distance to which the double images are projected. The greater 
this distance is, the farther apart the double images appear to be. When the double 
images stand very close to each other they overlap in part, so that only their outlines 
appear double. In this case the patient is often not aware that he sees double, but only 
complains of seeing indistinctly or complains that every object has a shadow. 

647. Theory of Space Perception.—According to the doctrine of projection the 
visual sensations produced by looking at objects are projected out from the eye or the 
head by a psychic act which represents the result of the experience of the individual 
in question. By virtue of this projection the path which rays of light have traversed 
in going to the eye is, so to speak, re-traversed, and this causes the correct localization 
of the object producing the visual sensation. 

In opposition to this idea, Hering has enunciated the proposition that visual sen- 
sations possess a priori a ‘“‘spatial quality.”’ A definite spatial concept is always asso- 
ciated with the stimulation of a definite retinal element; and, because of the spatial 
qualities belonging to them, the visual sensations form a subjective space of their 
own into which we look—the so-called “‘visual space.”’ Any two suitably related points 
on the two retine have the property that an object which forms its image on each is 
associated with the same spatial concept and hence is seen by the observer in the same 
direction with each eye (“identical visual projection from corresponding retinal points”), 
so that the visual spaces of the two eyes are identical. We can conceive of this as taking 
place by the sliding of the two retin over each other in such a way that the correspond- 
ing points of the two coincide. If from such an imagined “eyclopean ” eye (which would 
lie about at the root of the nose) we draw lines of direction out into space they would 
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represent approximately the lines of visual projection of the double eye. The projec- 
tion line corresponding to the two fovew centrales—called the principal projection line 
—is in general pointed straight ahead in the median plane, provided the visual lines 
are either parallel and directed straight forward or are symmetrically converged. 

To other portions of the retina appertain distinct lines of projection differing 

from the chief line. If such portions in the two retine are correspondent, stimulation 
of them sets going a visual sensation which is localized on the plane of the point of 
fixation (called the reference plane). In this way the retinal images are localized so 
far as their height and width are concerned. Their localization so far as regards depth 
(fore and aft from the observer) is effected by the physiological double images. These 
develop when an object is so situated in space as to stimulate non-correspondent por- 
tions of the retine. The object then appears double (Fig. 317). If the image seen 
on the right side belongs to the right eye, we speak of the double images as being ho- 
monymous; if it belongs to the opposite eye, we speak of them as crossed. Homony- 
mous double images are projected beyond the reference plane (Fig. 317), and crossed 
double images to the hither side of it; the apparent distance from the reference plane 
of the object thus seen double increases with the apparent distance of the double images 
from each other, i. e., with their disparation. [Usually we are not aware of the exist- 
ence of physiological double images, yet from the subconscious impression they give 
we get our main notions of depth and distance, We regard A as further off than B, 
because when we look at A, B appears double (although we are not consciously aware 
of it), and vice versa; the double images in the former case being crossed, and in the 
latter, homonymous. The distance of a comparatively near object may also be esti- 
mated by the amount of muscular effort that we feel we are exerting in converging 
and accommodating on it. Finally, when moving (as in a railway train), we gauge 
the distance of objects which we are passing by the parallactic displacement of the 
nearer on the more remote. An animal with lateral vision (page 611) is particularly 
fitted for judging distances in this third way, having an advantage here over man 
with his frontal vision (Trowbridge).—D. ] 

The spatial relations of the objects contained in visual space, i. e., the apparent 
amount of their separation from each other in terms of breadth, height, and depth, 
we call relative localization (in analogy with objective orientation), in distinetion from 
absolute localization (subjective orientation), by which we understand the position with 
regard to the observer and the distance from him of the whole complex of things seen 
at any one time. Relative localization depends entirely upon the position of the 
images on the retina, and in its turn determines the movements of the gaze that are 
guided by attention. When an object that is seen by indirect vision attracts the 
attention, the appropriate movement of the gaze is started up by the effort that the 
person makes to see the object more clearly. Before the movement begins, its pur- 
pose which is to bring the image of the object on the fovea centralis, is already 
defined. The situation of the fovea with relation to the site on the retina of the 
indirectly seen image determines the direction and amount of the movement. 

Toward the will, acting under the guidance of spatial perceptions, the two eyes 
behave like a single organ. The object that excites a movement of the gaze, appears 
either to the right or left, or above or below, or closer or more remote than the object 
fixed; and there is set up accordingly either a movement to right or left, or a move- 
ment up or down, or an increase or decrease of the convergence. Now it is a funda- 
mental proposition that the impulse acting to produce these movements always flows 
in equal intensity to the two eyes, so that in this regard the eyes may be said to be- 
have like a single, or cyclopean eye. 

This assactation of movement in which the sensory correspondence of the retin 
is reflected, is compulsory—a fact which asserts itself, for instance, in this that an eye 
which is blind or is covered shares in the movements of the eye which sees, and so much 


he 
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so that the willis unable to suppress this associated movement, objectless as it is for vision. 

One consequence of this law of movement is the pathological diplopia that occurs 
in paralysis of the individual eye muscles. If, for example, the external rectus of the 
right eye is paretic, then when the gaze is directed to the right the same impulse is 
sent, in spite of the paralysis, to the sound internal rectus of the left eye and the para- 
lyzed external rectus of the right. Consequently, the paralyzed right eye will lag 
behind in comparison with the left, so that the images of a point will no longer fall 
upon corresponding spots of the retin. The image of the object O (Fig. 317), which the 
left eye is fixing, instead of falling on the fovea in the paralyzed eye, falls on an excen- 
trically situated point of the retina, which is correspondent with a point having a simi- 
larly excentric situation in the left retina. Wherever this point in the left retina local- 
izes the light stimulus that falls upon it, there, according to the law of correspondence 
of the retin, will the right eve see the object of fixation—i. e., it will not see it in the 
same place as the left eye does. Hence the object looks double. The pathological 


Fic. 317.—Puysi0LtocicaL DouBLB VISION. 


The point of fixation, O, forms its image on the fovee centrales, f, in both eyes. A more remote 
point, G, forms its image at g, to the nasal side of the fovea in both eyes. Hence, when projected on 
the reference plane, K K, at the distance of the point O, it appears double, the images being at gi, 1. 
Since the right image is seen with the right eye and vice versa, the double images are homonymous. A 
point, U, nearer than O, forms its image in u, u, to the temporal side of the fovee in both eyes and 
therefore appears in heteronymous double images uw, wi. Because of these double images, therefore, 
if the gaze is directed at O, G looks further and U nearer than O, and that, even if the gaze does not 


move from O 


diplopia produced under these conditions is distinguished from the physiological diplo- 
pia above described by the fact that it does not, like that latter, extend simply to the 
objects of indirect vision, but also involves the object of fixation, whatever it may be. 

648. False and True Image.—When there is binocular double vision, 
the two images do not look alike; one is more distinct than the other, and 
is hence known as the true image, in contradistinction to the apparent 
image. The true image is the one that corresponds to the eye that sights 
the object. It is therefore seen in its right place, and, moreover, is seen 
clearly, because it is perceived by the fovea. The apparent image belongs 
to the deviating eye. It is less distinct than the image of the other eye, 
because it is perceived by a peripheral spot of the retina; moreover, It 1s 
seen in the wrong place, so that the patient, if he tries to reach out to it, 
reaches to one side of it—hence apparent or false image. 
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649. Fusion—Double images interfere with vision and cause con- 
fusion, so that every one tries to avoid them as far as he can. He does 
this by attempting to bring the eyes by suitable muscular effort into a 
proper position, so that the double images coalesce. This attempt at 
union or fusion of the double images is called the fusion tendency. 


Frequently by virtue of it considerable obstacles opposing single vision are over> 
come. The following experiment shows this: We make the patient gaze at an object, 
o, and then hold before one of the eyes, for instance the right one, a prism, P, whose 
base is directed toward the temporal side (Fig. 318). The rays coming from o are deflec- 
ted toward the base of the prism, and would strike the retina of the eye at a point to 
the outer side of the fovea; but in that case, as the object forms an image at the fovea, 
fi, in the left eye, crossed double images would be produced. To prevent this, the 


right eye is turned inward until the fovea, f, has moved outward sufficiently far to be ~ 


impinged upon by the rays which have been deflected by the prism. Hence, to avoid 
seeing double, an increased effort at convergence is made, so that the usual lines cross 
at instead of at 0. By this convergence the prism is ‘‘overecome.”” By placing con- 
stantly stronger and stronger prisms before the eye, we find the strongest prism which 
can be still overcome by convergence, and which therefore is a measure of the latter. 
{For the mechanism by which convergence is accomplished see page 721.—D.] 

Tf the prism is placed before the eye with the base inward, the rays passing through 
it are deviated in, and the image of the object 
is thrown to the inner side of the fovea. The 
eye neist then be turned outward in order 
to bring the fovea to the place of the image. 
In this case, accordingly, to produce single 
vision the prism is overcome by a diver- 
gence of the eyes. For we are able not 
only to make our visual lines parallel but 
under certain conditions even to make 
Fie. 318.—Tun Overcommne or A Prism ny them a little divergent. The strongest 

CONVERGENCE. prism which can be overcome in this way 
gives the measure of the divergence, or, as it is also called, negative convergence [see 
pages 721 and 722]. 


The tendency to fusion also makes itself apparent if a prism is placed before the 
eyes with its base up or down (Fig. 343). In this case there are formed double images 
with a difference of level, which have to be united by a deviation of one eye upward 
or downward [or rather of both eyes, one going up the other down—divergence in a 
vertical plane (see page 722).—D.| 

Very strong prisms can be overcome by convergence, weaker ones [of 5A to8 A] 
by divergence; and only very weak prisms (of 1 Aor 2 A\) can be overcome by vertical 
deviation of the eyes. [For prisms and their numbering, see § 747.—D.] 

The ability to perform convergence, as determined with prisms, is also called 
adduction, and the ability to perform divergence is called abduetion. These terms had. 
better be avoided, as they are already applied to denote the lateral excursions (side 
to side) of the eyes (see page 719), which follow quite different laws. This is immedi- 
ately apparent when we remember that when side to side movements are to be made, the 
eyes can be abducted until the external margin of the cornea almost touches the exter- 


nal angle of the eye, while the outward movement of the eye in performing divergence 
is but a minimum one. [See also §§ 676, 677, and 679.] 
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650. Monocular Diplopia.—A condition to be rigorously differentiated 
from binocular diplopia is monocular diplopia. The former depends upon 
the fact that though there is but one image of the object cast upon each 
one of the two retin, it is not thrown upon spots that are similarly situ- 
ated; but the latter is due to the formation of two images of the same 
object upon one retina. Binocular diplopia, therefore, disappears at once 


* when one eye is shut, while monocular diplopia persists, although but one 


eye—that is, the one which sees double—is open. In this fact lies the 


“most certain differential sign between the two kinds of diplopia. The cause 


of monocular diplopia is either an anomalous refraction of the rays of 
light or the presence of a double pupillary opening. The former represents 
one form of irregular astigmatism (see § 790), and has its seat either in 
the cornea or in the lens. It occurs particularly in subluxation of the lens 
[beig then due not to astigmatism but to a sort of prismatic action|—(see 
page 556). In incipient cataract also monocular diplopia may develop as 
a result of the unequal refracting power of the different sectors of the lens, 
although in this case monocular polyopia (see page 527) is of much more 
frequent occurrence. A double pupillary opening produces diplopia when 
the eye is not adjusted for the distance at which the object of fixation is 
placed. It is most frequently found as a consequence of iridodialysis. 


Fic. 319.—ScHEINER’s EXPERIMENT. (The eye is adjusted for the point o.) 


Fie. 320.—Scueiner’s Experrment. (The eye is not adjusted for the point 0.) 


Monocular diplopia with double pupillary aperture (iridodialysis, perforation of 
the iris, division of the pupil into two parts by an opaque strand, etc.) takes place 
only when the eye is not properly focused; otherwise, there is single vision, even with 
a double pupil. This fact is accounted for by the well-known experiment of Scheiner. 
Two holes are made in a piece of cardboard (D, Fig. 319) with a needle, the distance 
between them being somewhat less than the diameter of the pupil, so that, when looked 
through, both lie at the same time in front of the pupil. Through this apparatus we 
look at an object—e. g., at a tightly stretched thread, 0, at a distance of 25 cm. If 
the eye is focused for this distance, all the rays emanating from the object, 0, are united 
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upon the retina at the point, 01. If, now, out of the whole cone of rays only those are 
transmitted which pass through the two holes, these rays still unite to form an image 
at 01; the only change which this image undergoes by having the diaphragm placed 
before it is an enfeeblement of its luminosity due to the cutting off of many rays. But 
if the eye is not focused for the distance of the object (Fig. 320), the apex of the cone 
of rays does not fall upon the retina, but (in this case) behind it at 0;. The cone of 
rays is cut off in front of its apex by the retina, so that the image of the point, 0, is a 
disk (diffusion circle), a, and the point looks completely blurred. But if now only 
two bundles of rays out of the entire cone are admitted to the eye through the dia- 
phragm, each one casts its own smaller diffusion circle (b and 6;); the point, 0, is now . 
seen more distinctly, it is true, but is seen double. 

In myopia, especially of high degree, the complaint is sometimes made of monoc- 
ular diplopia. This makes itself particularly apparent when rectilinear outlines, such 
as telegraph wires, the outlines of picture frames, ete., become objects of fixation, 
they then appearing double. Here we are probably dealing with the effect of an ir- 
regular astigmatism. 


I. PARALYSIS OF THE OCULAR MUSCLES 

651. Symptoms.—1. Limitation of Movement.—In paralysis of an 
ocular muscle the excursion of the eye toward the side corresponding to 
the action of the muscle that is paralyzed is diminished or entirely abro- 
gated. If, for example, the external rectus of the right eye were completely 
paralyzed, the right eye could be brought only to the middle line and not 
beyond it to the right. When the paralysis is ncomplete the deficiency in 
motility is, of course, less considerabie, and often can be made out only 
by comparison with the other, or sound eye. In very slight paralyses the 
defective motility is not marked enough to be recognized at all with cer- 
tainty. In these cases we must rely for our diagnosis upon the double im- 
ages produced lor the characteristic changes in screen deviation (page 745)]. 

The result of the limitation of mobility is a lagging behind of the eye 
when an associated movement is initiated within the sphere of action of 
the paralyzed muscle. Thus, if in paralysis of the right externus a point, 0 
(Fig. 321), situated upon the right, should be the object of fixation, the 
left eye will be adjusted for it properly; but the right eye will not be turned 
sufficiently far to the right, and consequently its visual axis, g, will shoot 
off to the left of the object. The eye “squints” inward (strabismus para- 
lyticus, or luscitas*). This squinting takes place only when the eye is 
turned in the direction of the sphere of action of the paralyzed muscle, 
and becomes more pronounced the farther the eye is moved toward this 
side; but in all directions of the gaze in which the paralyzed muscle does 
not have to participate, the eyes stand in their proper position. By this 
fact paralytic squint is distinguished from ordinary or concomitant squint, 
which is present in all directions in which the eye is turned, and always to 
the same amount. 

The measure of the deflection is determined by the angle s (Fig. 321), 


Strabismus, from orpeerv, to turn. The term luscitas comes from luscus, squinting, and is at 
present used exclusively for paralytic strabismus. From luscus is derived the French louche. 
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that the visual axis, g, makes with the line of direction, 7, which passes 
from the object to the retina through the nodal point of the eye, and which 
gives the place of the retinal image, b. This deflection of the squinting 
eye is known as the primary deviation. 

While the patient keeps on looking at the object, 0, a screen, S, is 
placed before the left eye (Fig. 322). Now the right eye takes up the task 
of fixation, it being presupposed that it can be really brought far enough 
to the right for this purpose. If now we look at the left eye behind the 
sereen we shall find it turned strongly inward—much more so, in fact, 
than the right eye had been previously. The deflection of the sound eye 
when covered, which is measured by the angle s,, (Fig. 322), is called the 


, { 
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Fic. 321.—Primary Srrapismic DEVIATION IN Fic. 322.—SECONDARY SPRABISMIC DEVIATION IN 
PARALYSIS OF THE RicgHT ExTERNAL RECTUS. PARALYSIS OF THE Ricni EXTERNAL REcTUs, 


secondary deviation, which therefore exceeds the primary deviation in 
magnitude. It is accounted for as follows: When with both eyes uncovered 
the gaze was directed toward the right, the left internus and the right 
externus received the ordinary impulse for a movement to the right; but 
the right eye lagged behind the other in proportion as the right externus, 
owing to its impaired innervation, failed to answer to the impulse. lt 
now the left eye is covered, the patient is compelled to make fixation with 
the right. He tries now to turn this eye to the right, by sending into the 
right externus a very strong impulse of innervation, although In so doing 
he still obtains only a very slight effect. He cannot, however, innervate 
thus strongly the right externus alone, but can simply send out to both 
eyes a very energetic impulse for a lateral movement to the right. This 
impulse, therefore, also affects the left internus. But in the latter the 
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impulse has its full effect, so that the left eye is drawn very strongly to the 
right (inward). Thus, while in primary deviation it is a mere question 
of lagging behind of the eye, secondary deviation is produced by a powerful 
muscular traction; therefore, the secondary deviation is greater than the 
primary. This point, too, is of importance in distinguishing between para- 
lytic and concomitant squint, since in the latter the primary and secondary 
deviation are usually equal. 

[The secondary deviation of the sound eye shows itself not only when this is 
screened but also when for any other reason the paretic eye takes up fixation. This 
happens, for example, when the patient looks so far to one side that the view of the 
object is cut off from the sound eye by the nose. The sound eye in that case shows a 
sudden marked deviation (Fig. 325). Again it often happens, especially in congenital 
paralysis that the paretic eye is used habitually for fixation, so that the sound eye 
deviates in a spasmodic way, even when both eyes can see the object. Or, fixation may 
alternate between the two eyes, in which case the difference between the small 
primary and large secondary deviation becomes at once apparent (see page 745). _ 
The amount of the primary and secondary deviation can be measured with prisms 
(page 746) or by the double images on the tangent plane (page 748). It must be 
admitted that in many cases there is much less difference between primary and 
secondary deviation than one would expect.—D.] 

652. 2. False Orientation—With the paralyzed eye the patient does 
not see objects in their true place. For suppose that, when the right ex- 
ternal rectus is paralyzed, he shuts the left eye and looks with the right 
alone at an object situated a little to the right—i. e., within the sphere of 
action of the paralyzed muscle—and then is told to shut quickly his right 
eye, too, and thrust at the object with 
his index finger; as he does so, the finger 
will always be carried to the right of the 
object, whence it follows that the latter 
is seen too far to the right (Von Graefe’s 
reaching test) [projection test]. [The test can 
also be made with the right eye open.—D.] 
The same phenomenon comes to light 
when the patient tries to walk straight 
toward a given point with the help of 
his paralyzed eye, the other being closed. 
He takes a wavering and zigzag course, 
first bending his steps too far to the right, 
then recognizing his mistake and correct- 
ing it; then deviating anew to the right, 
and so on. 

The explanation of this occurrence is similar to that which has been 
~ given for binocular diplopia (page 729). The object is falsely localized 
because the patient is in error in regard to the position which his eye occu- 
pies When (Fig. 323) the patient with his paralyzed right eye sights the 


Fic. 323.—Fatse ORIENTATION IN Pa- 
RALYSIS OF THE Ricut ExTernus. 
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object, 0, which is placed somewhat to the right of him, i. e., looks at it in 
such a way that it forms an image upon the fovea centralis, f, he can 
accomplish this only by the strongest possible innervation of his paralyzed 
externus. Now, the ideas which we have with respect to the position of 
our eyes depend upon our sensations with regard to the innervation of the 
individual muscles. The patient, therefore, is compelled to believe that 
the right eye is standing in the most extreme position of right lateral 
rotation, like the eye represented by the dotted line in Fig. 323, because 
he has sent an impulse for a rotation to this amount into the right externus, 
and he cannot know that the latter, owing to the impairment of the con- 
duction, only partially obeys this impulse. He hence proceeds upon the 
assumption that the right eye is turned very strongly to the right, and 
that consequently its fovea is at f1; he is, therefore, also compelled to 
believe that the object whose image is formed at the fovea lies opposite 
fii. e., at o;—and he hence sees the object too far to the right. Accord- 
ingly, objects which are sighted by the paralyzed eye are always seen too 
far toward that side to which the paralyzed muscle moves the eye. 

653. 3. Diplopia.—This occurs when vision is performed with both 
eyes simultaneously and the visual lines do not intersect in the point of fix- 
ation; it is the consequence of false orientation of the paralyzed eye. The 
explanation. of the way in which the double images are produced, and of 
the way in which they behave in the different abnormal positions of the eye, 
has been given on pages 728 et seq. (for Hering’s explanation see page 733). 
The double images are the most important means that we can call to our 
aid in making the exact diagnosis of paralyses. 

The phenomena so far mentioned, such as restriction of motility, stra- 
bismus, false orientation, and diplopia, make their appearance only when 
the eyes are moving in the sphere of action of the paralyzed muscle, and 
become more and more marked in proportion as the eyes are moved toward 
this side. Thus, in complete paralysis of the right externus the double 
images and the strabismus make their appearance the moment the eyes 
pass to the right of the median line [in fact, at a point some 15° or 20° to 
the left of the median line—D.] Themore the gaze is turned in this direc- 
tion, the farther apart are the double images and the more conspicuous is 
the strabismus. If we should have an incomplete paralysis (paresis) of the 
right externus before us, the double images and the strabismus would not 
show themselves until the eyes had been turned pretty far to the right, and 
in extreme cases not until the gaze was directed quite laterally (as when, 
for example, the patient looked straight to the right). From the direc- 
tion of the eyes in which strabismus and double images first make their 
appearance, from the position of these double images with respect to each 
other, and from the way in which their distance apart increases or dimin- 
ishes according to the different directions in which the eyes are looking, we 
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diagnosticate which of the ocular muscles is paralyzed, and whether we are 
dealing with a complete or an incomplete paralysis. 

654. 4. Vertigo.—This may be excited by the diplopia, or may also 
occur when vision is performed with the paralyzed eye alone. The latter 
sees objects in their proper place so long as it occupies a direction of the 
gaze in which the paralyzed muscle is not called upon to exert itself. But 
as soon as the gaze is turned to the side representing the field of action of 
the paralyzed muscle, objects are located by the eye too far toward the 
same side, and the more so, the more the gaze is directed that way. Con- 
sequently, as the gaze passes from the region of correct to the region of faise 
localization, objects appear to fly with constantly accelerated velocity in the 
direction in which the eye is moving. It is this apparent movement of the 
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ourtesy of G. P. Putnam's Sons 
(Fic. 324 A.] [Fre. 324 B] 
y J {A Head-tilting in case of congenital paralysis of the superior rectus with spasm of the 
inferior oblique. That the tilting was really due to the muscular deviation is shown by Fig. B, which 
indicates the result that immediately followed a complete tenotomy of the inferior oblique.—D ] 


whole outside world that determines the development of vertigo. Vertigo, 
therefore, sets in whenever the patient feels himself called upon to move his 
eyes, and hence often even in walking upon a level floor, but still more in 
going up and down steps, in performing complicated manipulations, in 
doing work, etc. It makes the patient unsteady and timid, and even excites 
a tendency to vomit. This kind of vertigo is known as visual vertigo, and 
is distinguished from other kinds by the fact that it disappears at once when 
the paralyzed eye is covered. Most patients hit upon this fact themselves, 
and in walking keep the paralyzed eye closed, either closed or covered. 
Another way of preserving themselves from visual vertigo lies in— 

655. 5. Head Tilling—A patient in whom, for example, the right 
externus is paralyzed, keeps the head turned to the right. If he looks for- 
ward with his head im this position, both eyes are turned somewhat to the 
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left, in which position the right externus does not come into play, and in 
which, therefore, paralysis of it does not make itself evident. And so for 
every variety of paralysis of the ocular muscles there is a definite position 
of the head, which diminishes the visual vertigo, and which is so charac- 
teristic of the paralysis that the skilled observer is able from it alone to 
suspect the nature of the latter. 


(In paralysis of a right rotator, the patient turns his head to the right, so that in 
looking at objects ahead of him the eyes themselves shall be deflected to the left. Simi- 
larly in paralysis of a left rotator he turns the head to the left. In paralysis of an ele- 
vator or depressor he usually tilts the head to one shoulder, as in this way he can more 
readily obviate the vertical diplopia. In any case of combined vertical and lateral 
diplopia, tilting of the head toward the right shoulder will bring the right-hand image 
down. This is true whether the right-hand image belongs to the right eye (in case the 
diplopia is homonymous) or to the left eye (in case the diplopia is crossed). A vertical 
diplopia of 25° or more may be obviated in this way, the patient tipping the head toward 
the right or the left shoulder according as the right-hand or left-hand image is higher. 
The patient may combine this side-tipping with more or less lateral rotation and up 
or down tipping, but the side-tipping is the predominant and often the only abnor- 
mality of attitude—D.] If with continuance of the paralysis such an attitude of the 
head becomes habitual, it may readily be confounded with wry-neck [particularly in 
congenital paralyses.—D.] If in such cases we set the head straight the upward deflec- 
tion of the paralyzed eye comes to light and enables us to make the correct diagnosis. 


656. Old Paralyses.—The characteristic symptoms of a paralysis are 
more unmixed and more pronounced the more recent it is. If the paralysis 
gets well after the lapse of not too long a time, the symptoms that have been 
produced by it disappear, and normal binocular vision is restored; if, on the 
other hand, the cure of the paralysis takes place only after a long time has 
elapsed, or does not take place at all, the symptomatic picture changes as 
follows: 1. The mistakes in orientation, particularly as they make their 
appearance in the projection test, gradually cease; the patient learns by 
experience that the impulses of innervation for his paralyzed eye correspond 
to a much slighter action than those for the sound eye, and by taking 
account of this fact he once more forms a correct judgment of the situation 
of objects. 2. The diplopia disappears because the sensory perceptions of 
the paralyzed eye are suppressed (exclusion).* 3. Contracture of the antag- 
onists of the paralyzed muscle gradually sets in. Thus, in paralysis of the 
right externus, it is the right internus that becomes shortened; and so, while 
in a recent paralysis of the externus, the eye, when the gaze is directed 
straight forward, stands in the middle line, it afterward becomes drawn in 
more and more, and can no longer be brought up to the median position. 
The result of this is an increase in the paralytic strabismus, this reaching a 
higher degree and becoming manifested over a more extensive area than 
before, insomuch that it is present not only upon the side of the paralyzed 


8 (It takes a long time for this to occur; and even when there is apparent suppression diplopia 
can almost always be elicited by the tests.—D.] 
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muscle but also over the entire field of fixation. Owing to this fact, para- 
lytic strabismus acquires a constantly greater and greater resemblance to 
concomitant squint, so that sometimes the distinction between the two 
becomes very difficult.2. The contracture of the antagonists may even per- 
sist when the paralysis itself is cured, and may thus prevent the restoration 
of normal binocular vision. 

657. Mode of Occurrence.—Paralysis may affect simply one muscle, 
or it may affect several muscles in different combinations. 

1. Paralysis of one single muscle most usually affects either the external 
rectus or the superior oblique, because each one of these muscles is supplied 
by an independent nerve (abducens and trochlearis). All the other ocular 
muscles are innervated by the oculo-motor nerve, for which reason paral- 
ysis of any single one of them is of less frequent occurrence. [Isolated paral- 
ysis of the superior rectus is quite common (more frequent than trochlear 
paralysis), and pareses of the inferior rectus (usually very slight) are 
fairly common.—D.] 

2. For the reason just mentioned, simultaneous paralysis of several 
muscles is found most frequently in those supplied by the oculo-motor nerve, 
and of these muscles some or all may be affected at once. Complete oculo- 
motor paralysis presents a characteristic picture. The upper lid hangs 
loosely down (ptosis), and has to be drawn up with the finger to give a view 
of the eyeball, which is deflected strongly outward and somewhat down, 
because the two muscles not paralyzed—the external rectus and the supe- 
rior oblique—draw it in this direction. The pupil is dilated and immobile 
(paralysis of the sphincter pupille), and the eye is focused for the far point 
and cannot accommodate for near by (paralysis of the ciliary muscle). A 
slight degree of exophthalmus is present because three of the recti, which 
normally draw the eyeball backward into the orbit, have lost their tone. 

Other muscles besides those innervated by the oculo-motor nerve may 
be affected, and the paralyses may affect not simply one but both eyes. In 
this way many manifold combinations are formed, of which the following 
are the most frequent: (a) All the eye muscles in one or both eyes are 
paralyzed, so that the lids hang loosely down, the eyes are directed straight 
forward, and are immovable, and there is dilatation of the pupil, with abo- 
lition of the accommodation (ophthalmoplegia totalis). (b) The paralysis 
affects only the exterior eye muscles, while the interior muscles of the eye 
(sphincter pupille and ciliary muscle) are intact (ophthalmoplegia externa 
[sive exterior]). This is more frequent than total ophthalmoplegia, and finds 
its explanation in the fact that the nuclei for the sphincter pupille and the 
ciliary muscle are distinct from the other nerve nuclei (Fig. 308), and hence 
frequently remain exempt from processes which destroy the nuclei of the 
other ocular muscles. For this reason ophthalmoplegia exterior in the 


®[Indeed, many cases of concomitant squint are without doubt paralytic in origin.—D.] 
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majority of cases is of central (nuclear) origin. (c) Ophthalmoplegia interna 
[sive interior] forms the converse to ophthalmoplegia externa, as in it only 
the interior muscles of the eye are paralyzed. It can be produced artificially 
by means of atropine. 

3. There are combined paralyses which do not affect the individual 
muscles, but affect associate movements. Thus the ability to look to the 
right or left, or to look up or down, ete., or to couverge, may be lost. These 
are known as conjugate paralyses (Prévost). The most characteristic cases 
of this sort are those of paralysis of the lateral rotators. There may, 
for example, be a paralysis of the associated movements to the right. 
If the patient then fixes his gaze upon an object which is carried in front of 
him from left to right, the eyes follow it until it has got to the middle line; 
then both eyes stand still without being able to move farther to the right. 
One might suppose that he was dealing with a paralysis of the right externus 
combined with one of the left internus. But this idea can be readily dis- 
proved by approximating an object to the patient along the middle line. 
The patient converges upon the object until it is very close to him, and hence 
can use his left internus perfectly for purposes of convergence, while the 
same muscle is paralyzed in its capacity of rotator to the right. The causes 
of conjugate paralysis are lesions in the association centers of the nerves for 
the ocular muscles. [See also $§ 663 and 701.] . 

[658. Diagnosis."°—The diagnosis of paralysis is based mainly on three 
points: The restriction of movement, the deviation produced, and the 
double vision. In this regard the cardinal fact to be kept in mind is that 
all these objective evidences of paralysis (and also the subjective symptoms | 
of vertigo and confusion) increase in proportion as the eyes are carried into 
the field of action of the paralyzed muscle—i. e. when they are carried info 
one particular cardinal direction of the gaze (see page 720). In order, there- 
fore, to establish the diagnosis, it is essential to make the eyes move succes- 
sively to the right, left, up and right, up and left, down and right, and down~ » 
and left, and determine their behavior in each position.—D.} 

[This is obviously so because when the eyes are carried into the field of action in 
which the paralyzed muscle is normally most effective, and both eyes attempt to 
proceed in that cardinal direction, both receive an equal nerve impulse (page 738). 
The normal cye responds normally and proceeds on its way as usual; the paralyzed 
eye responds feebly or not at all, and therefore lags behind the other. In all other 
directions of the gaze the restriction in movement of the affected muscle is slight or 
affects only its subsidary action (see page 717) and the lagging also is slight or nil. On 
the lagging depend the deviation and the diplopia, which consequently increase and 
decrease with it.—D.] 

[In making all the tests, it is essential, first, that the head shall be kept 


steady, so that the eyes alone move; and, second, that the patient be not 


10 [These sections (658 to 661) on diagnosis replace a number of pages in the original, in which 
the significance of diplopia in paralysis is considered at length along somewhat different lines. For 
the change the translator is solely responsible —D.] 
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allowed to tilt his head, as in this way we may obviate part or all of his 
deviation and diplopia (see page 741).—D.] 

(659. (1) Restriction of Movement.—This is observed by making the 
eyes follow an object, e. g. a small white-headed pin, carried successively 
in the six cardinal directions. The paretic eye will lag when it enters the 
field of action of the paralyzed muscle and will lag more and more the 
further it is carried into this field. Hence the following table “ holds 
good: 


R. lags Paralysis of | L. lags Paralysis of 
(ies crete eres Tat cyartaete R. external rectus... ..|) Out.... 2... - L. internal rectus. 
HOLES rerarete, svete 6 (O)itimernose cor R. internal rectus..... toe ee L. external rectus. 
IB Oe Je oto IDG willeeereaate R. superior rectus..... |) DO Wakes cr L. inferior oblique. 
Byulroual eoerecye DO watensaeaees R. inferior oblique.....|; Down.......| L. superior rectus. 
dicots sere WU iese, wits vere R. inferior rectus......|| Up.........| L. superior oblique. 
HiGidalemerry: Wh Ulitoe yeaa aeons Re guperion obliques. | Wipes ase L. inferior rectus. 


The observation in this manner of the way in which the movement of the 
paralyzed eye is restricted constitutes the excursion test. But we should 


[Fia. 325.—Smconpary DrvrtaTIoN IN Paratysis. (After Posey). 
, A, Paralysis of the left superior rectus with marked upshoot of the right eye, when the gaze is 
directed to the left. That the upshoot was due largely to the overaction of the right inferior oblique 


is demonstrated in B, which shows how the upshoot disappeared as a result of tenotomy of this 
muscle.—D.] 


also observe the way in which the other eye behaves. For naturally the 
non-paralyzed eye follows the object and the other deviates, but when, 
either because the object is hidden from the non-paralyzed eye by the nose 
or for other reasons, the paralyzed eye takes up fixation, the paralyzed eye 
will be seen to make a sudden extreme movement (secondary deviation, 
spastic shoot) in the direction in which the eyes are moving. The explana- 
tion for this has already been given (page 738), namely that the paralyzed 


‘ {4 In this table Er, El, Ku & r, Ed & r, ete., denote ‘‘when both eyes are directed to the right 
left, up and right, down and right,” etc.—D.] sgt te 
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eye when called on to fix and particularly when called on to move in the 
given direction, being crippled has to exert an excessive effort. This calls 
for an excessive nerve impulse, which, according to the principle stated on 
page 738, is conveyed in equal measure to the other eye and makes that 
move excessively. The excessive movement is due mainly to overaction 
of the associate (see page 720) of the paralyzed muscle (see Fig. 325). 
For the same reason the diplopia increases when fixation is shifted from 
the non-paralyzed to the paralyzed eye (page 748).—-D.] 

{In order to examine this primary restriction and the secondary over- 
action systematically it is well to slant a card in front of the patient’s nose 
in such a way that in following the test-object he has to fix first with one 
eye, then with the other, The results may be written in tabular form, thus: 


R. fixing L. fixing 
ER Ot Sake yee R. follows imperfectly; L. L. follows readily; R. lags. 
shoots higher 
1 SOM Bixee a te he ae een ee R. normal; L. diverges LL. normal; R. diverges very 
slightly slightly. 
AC Rats phn ks oc Dee ae FN eeMOrimiall rst R. and L. normal. 
TG ay eat ee” eee ee Becandslanormallles” «00 seen R. and L., normal. 


The test thus conducted is called the comitance test.—D.| 


[We may also measure the restriction of movement produced by paralysis by taking 
the field of fixation with the perimeter or tropometer (see § 676), and noting how this 
field is diminished in any one of the six cardinal directions. But this is rarely necessary 
and, moreover, does not afford as reliable indications as the other test given.—D.]} 


(660. (2) Deviation—The deviation is best determined by alternate 
covering of each eye with the screen, the eyes being directed fixedly at an 
object (dot on a card) carried successively in the six cardinal directions. 
(For details of test, see § 674). We then find the eye behind the screen 
deviated, and this deviation increases as the eyes are carried into the field 
of action of the paralyzed muscle (see page 748).—D.] 


[Because the paralyzed eye lags, it will deviate in a direction opposite to that in 
which the affected muscle would normally carry it—i. e., opposite to that in which the 
eye is moving. And because the non-paralyzed eye acts excessively when the paralyzed 
eye fixes, it will when screened deviate strongly in the direction in which the eyes are 
already moving. Thus in paralysis of the right external rectus, when the eyes are car- 
ried into the field of action of this muscle, i. e., to the right, the right eye will lag behind, 
i. e., behind the screen it will deviate to the left, or lag inward. The left eye under the 
same conditions will when screened deviate to the right, i. e., will shoot inward. So 
in case of paralysis of the right internal rectus, both eyes will deviate out behind the 
screen, as soon as the eyes are carried to the left. Ona similar principle, in paralysis 
of the right superior rectus, when the eyes are carried in to the field of action of this 
muscle, i. e., up and to the right, the right eye will drop and the left eye will shoot up 
behind the screen. Moreover, since the right superior rectus is an adductor, the right 
eye when this muscle is paralyzed will not be adducted as well as formerly, and 
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hence will tend to diverge. This divergence will be particularly marked when the 
eyes are directed up and to the left, because it is in this direction of the gaze that the 
right superior rectus is most effective as an adductor. This divergence, however, is 
comparatively slight, and may be masked or overcome by other conditions present. 
Thus, if there is a condition producing a constant convergence (esophoria), this may be 
great enough to neutralize in all parts of the field of fixation the divergence produced 
by the paralysis. In that case, instead of a moderate divergent deviation (exophoria) 
increasing up and to the left we should find a moderate esophoria diminishing,’* in 
the same direction.—D.]} 


[By applying e. like reasoning to all cases, we get the table on page 748.—D.] 

[In applying the screen test we will observe that in any given case that, 
as stated on page 737, the deviation of the non-paralyzed eye when covered 
(secondary deviation) is greater than that of the paralyzed eye. Thus in 
paralysis of the left superior rectus, the deviation of the left eye down is less 
than that of the right eye up under cover. In fact, the right eye in such a 
case, when screened or when it gets behind the nose, regularly makes a 
marked up-shoot (spasmodic secondary deviation—cf. Fig. 325).—D.] 

[The amount of the deviation may be measured by the strength of the 
prism required to abolish the movement of redress (see § 674). We can 
thus compare measurements taken at different times, and gauge the 
progress of the paralysis. A prism placed over the paralyzed eye measures 
the primary, and over the non-paralyzed eye, the secondary deviation.—D.] 

[661. (8) Diplopia.—The diplopia, being dependent on the deviation, 
has a character corresponding with the latter. Accordingly, paralytic devi- 
ations that produce an inward deviation are associated with an homony- 
mous diplopia, those that produce an outward deviation are associated with 
a crossed diplopia, and those that produce a vertical deviation with a ver- 
tical diplopia (right or left diplopia, corresponding to a right or left hyper- 
phoria). Moreover, the diplopia increases precisely as the deviation does. 
Hence all the remarks made with regard to the deviation are applicable to 
the diplopia as well.—D.] 

[By far the best means for determining the kind and amount of diplopia 
in paralysis is the tangent plane, or modified Bjerrum’s curtain (Fig. 34). 
In applying this we place the patient 75 em. from the curtain, facing the 
black side. A red glass is placed before the right eye, and the head is 
so adjusted that, when the eyes are directed at the center pin, they are on 
a level with it and looking straight ahead. A small electric light is then 
carried over the curtain in the six cardinal directions of the gaze, and the 
point where diplopia occurs in each meridian is noted by thrusting in a pin, 
The limits of the field of single vision are thus delimited. In the region in 


a aa Daashisi because it is han ae neutralized by the increasing exophoria produced by 
she paralysis o © superior rectus. Actually, the way in which such an anomalous esophoria diminishe: 

; \ ¢ : ally, ay an § § ses Ti she 
may be used to confirm the diagnosis.—D,] “ a 2a 


DISTURBANCES OF MOTILITY OF THE EYE 747 


which diplopia occurs, the situation of the double images is similarly indi- 
cated. The patient sees two lights, a red and a white. The red image 
belongs to the right eye and the white image to the left. A black pin is 
thrust into the curtain at the site of the candle itself , and a light-colored 
pin at the site of the other image. This latter is evidently the false image 
and, if it is red, we know that the left eye is fixing; if it is white, we know 
that the right eye is fixing. The situation of the pins indicates the relation 
of the double images and their degree of separation.—D.1 
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[Fra. 326.—Dovusie IMaces PLoTrep ON TANGENT PLANE (from Posey and Spiller). 


I rhi i » curtail i > te , lane (page 116) is here shown (seen 
e reverse (white) side of the curtain forming the tangent p 6) is her I e 
from tale hee The other (black) side is turned toward the patient, who is placed 30 inches from it, ue 
his eyes opposite the center. A red glass is put before his er eve) a a eal plectie Hebt th ards 
yes s Le be senha Pa lel et P ht” (Eu ¢ -),/ete., the patient fol- 
i “a directions, *‘ Eyes right’’ (Er),‘“Eyes up and right u and r),e ( en 
ee nit page eyes ae not moving his head. The position of the double images is marked by 
ns thence into the curtain. In the case shown (paresis of the left superior rectus) the right eye (red) 
Loree is denoted by a circle, the left eye (white) image by a fia ape is pee pe eee) oe 
5 assed di ic 2°, when the eyes are directed two feet up and two feet to the left, ane 
of 5° and a crossed diplopia of 2°, whe ye om Mee a ine Rega thee ca 
i srossed dipiopia of 5° when they are directed up and to the right. el / } 
si pee It as ionua that the red image coincides with the actual position of the light on the 
ae sa} hence the right eye fixes, and the distance between the double images measures the primary 
Reon (If the white image had coincided with the light the distance would bave measured the 


secondary deviation.)—D.] 
[In the great majority of cases the patient fixes with the eye not covered with the 
red glass, and, therefore, by shifting the red glass from one eye to the other, we can 


/ 
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often get him to alternate fixation. We can then mark by a pair of pins the situation 
of the false image, when the right eye and the left eye respectively fix, and thus indicate 
the absolute and relative amount of the primary and secondary deviation for any given 
direction of the gaze. The plot which is formed by the pins on the curtain and which 
shows the limits of the field of single vision and the amount and kind of diplopia is 
transferred with the aid of the diagram on the back of the curtain to a similarly marked 
card—see Fig. 326). This forms a permanent record, which can be compared with a 
similar one taken at any future time.—D.] 

[A measurement of the amount of diplopia can also be made by determining the 
strength of prism required to bring the two images together. In this case the prism 
should be placed over the paralyzed eye. It will then indicate the amount of the primary 
deviation. If placed over the non-paralyzed eye it will indicate the amount of the 
secondary deviation. Measurement of diplopia by prisms gives somewhat uncertain 
sresults, often affording an underestimate of the deviation. The reason for this is that 
when a prism is applied that corrects nearly all of the diplopia the patient may over- 
come the rest by involuntary effort.—D.] 


[The types of diplopia found in each variety of paralysis are shown in 
Figs. 327-338. The diagnosis by double images can be much better deduced, 
however, from the accompanying table, which also shows the types of screen 
deviation present.—D. | 


[TABLE or DrpLopra AND DEVIATION IN PaRratysis™ 


In the accompanying table DH, DX, DR, and DL denote respectively homonymeus 
diplopia, crossed diplopia, right diplopia (vertical diplopia with the image of the right 
eye below), and left diplopia (vertical diplopia with the image of the left eye below). 
So also 8S, X, RH, and LH, denote a deviation in (esophoria), out (exophoria), right 
hyperphoria, and left hyperphoria, >> denotes ‘increasing progressively,” 


Paralysis of | Regularly (but not invariably) 
associated with 

R. external rectus....... DH and S >> greatly in Er. | 

i, internal mectis...ccs sa oe and ok o> ve pds 

R. internal] rectus........ DX and X >> a3 Se 

L. external rectus....... DH andS >> * a bile 

R. superior rectus....... DL and LH >> “ “Bué&r.) DX and X >> in Eu &1. 

L. inferior oblique.......|D Rand RH >> “ “Eué&r.| DH andS >> in Eu &1. 

R. inferior oblique.......|.Oly and Ibe sss * “Eu &l.| DH andS >> in Eu &r. 

L. superior rectus....... DR and RSS = “Eu &l.) DX and X >> in Eu & r. 
| 

R. inferior rectus........ ID chovolhiggal sey “Ed &r.) DX and X >> in Ed & 1 

L. superior oblique......|] DL and LH >> “ “Ed&r.. DH andS >> in Ed & 1. 

R. superior oblique...... DRCanG Ee “Ed&l.| DH andS >> in Ed & r. 

L. inferior rectus........ DLandLH >> “ “Hd&l.| DX andX >>inEdé& x 


[8 This table serves for determinin ined | e i i 
; vble serves f gz combined paralyses. ‘ >re is 
in Nu and r, diminishing to nothing as the middie 5 Resta ies ss ieiege 
hyperphoria) in Eu and 1, there is a paralysis of b 
changing to DL in Ed and 1, ther y h 


araly (eft hyperphoria) 
line is approached and changing to a DR (right 
; ; oth superior recti; if there is a DR in Eu and 1 
e is paralysis of the left superior and inferior recti.—D.] 


—— 
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BEHAVIOR OF THE DovuBLE IMAGES IN PARALYSIS OF THE 
OcuLaR MuscLeEs 


(The apparent image has a dotted outline.) 


Left-sided External Rectus. 
Paralysis. 


( Diplopia appears in looking toward the paralyzed side. 
27 


Right-sided 
Paralysis. 


\\ 


The lateral separation of the images increases as the 
paralyzed eye is abducted. 


A 


Fie. 35 Internal Rectus. 


Diplopia on looking toward the sound side. 
a The lateral separation of the images increases in ad- 
N 


Y) 


HMA 


Md 


N \__ duction of the paralyzed eye. 


U 


Superior Rectus. 
Diplopia on looking up. 
The vertical distance between the images increases as 
the paralyzed eye is elevated and abducted. 
The obliquity increases in adduction. 
The lateral separation of the images diminishes [as the 
eye is abducted; increases as it is adducted]. 


Inferior Rectus. 
Diplopia on looking down. 
The vertical distance between the images increases as 
the paralyzed eye is depressed and abducted. 
The obliquity increases in adduction. 
The lateral separation of the images diminishes [as the 
eye is abducted; increases as it is adducted]. 


Ft a0. Superior Oblique. 


Diplopia on looking down. 

The vertical distance between the images increases as 
the paralyzed eye is depressed and adducted. 

The obliquity increases with the abduction. 

The lateral distance between the images diminishes 
fas the eye is adducted, increases as it is abducted]. 


Inferior Oblique 
Diplopia on looking up. 
The vertical distance between the images increases as 
the paralyzed eye is elevated and adducted. 
The obliquity increases with the abduction. 
The lateral distance between the images increases as 
the eye is elevated and abducted. Fra. 338. 
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(The diagnosis of paralysis by the double images can also be readily and simply 
accomplished by an analysis which shows in succession, first which group of muscles 
(lateral rotators, elevators, or depressors) is affected; next which pair of associates in 
the group; and lastly which muscle in the pair. 

Thus, if we have a diplopia which is mainly lateral and which increases fast™ in 
looking to the right or the left, the paralysis must affect a lateral rotator. Jf the diplo- 
pia increases to the right the paralysis affects a right rotator (right externus, left in- 
ternus), if it increases to the left a left rotator (left externus, right internus). If the 
diplopia in either case is homonymous, it is the externas which is paralyzed, if the 
diplopia is crossed, it is the internus. 

If the diplopia is mainly vertical and this vertical diplopia increases fast in looking 
up, the paralysis affects an elevator. If then the vertical diplopia increases most in 
looking up and to the right, the muscle paralyzed must be a right-hand elevator (right 
superior rectus, left inferior oblique); if it increases up and to the left, the muscle para- 
lyzed is a left-hand elevator (left superior rectus, right inferior oblique). In either 
case we can tell which eye and therefore which. muscle is affected by remembering 
that the higher image belongs to the paralyzed eye (e. g., right-eye image is higher in 
paralysis of the right superior rectus and right inferior oblique). 

If the diplopia is mainly vertical and this vertical diplopia increases fast in look- 
ing down, the paralysis affects a depressor. If then the vertical diplopia Increases most 
in looking down and to the right, the muscle paralyzed must be a right-hand depressor 
(right inferior rectus, left superior oblique); if it increases most in looking down and to 
the left, the muscle paralyzed is a left-hand depressor (left inferior rectus, right superior 
oblique). In either case we can tell the eye and therefore the muscle affected by re- 
membering that the lower image belongs to the paralyzed eye.—D.| 

[In any case to tell the muscle that is paralyzed we have simply to remember that 
the image formed by the paralyzed eye always lies on the side toward which the diplopia 
increases (i. e., is the right-hand image when the diplopia increases to the right, the 
upper image when the diplopia increases upward, ete.).—D.] 

[And a rule to determine the kind of double vision produced by a given paralysis 
is,—the image belonging to the paralyzed eye is displaced in just that direction in which 
the affected muscle, if intact, would naturally move the eye. Thus, in paralysis of the right 
superior rectus, which moves the right eye up and to the left and tilts the vertical 
meridian to the left, the image of the right eye is up (higher), deflected to the left (crossed 
diplopia), and tilted to the left. 

This rule shows us that in paralysis of the subsidiary adductors (superior rectus, 
inferior rectus) we expect to find a crossed diplopia, and in paralysis of the subsidiary 
abductors (the two obliques) we shall find an homonymous diplopia; also in paralysis 
of the superior rectus and superior oblique an in-tilting and in paralysis of the inferior 
rectus and inferior oblique an out-tilting of the false image. As before remarked, how- 
ever, the lateral diplopia may be absent or reversed“ and the tilting is often but little 
marked, so that neither is a safe guide in diagnosis.—D.] 

[The facts with regard to the tilting of the double images in paralysis may be stated 
a little more in detail. Since the superior rectus and superior oblique rotate the vertical 
meridian inward, or intort the eye, the latter in case of paralysis of these muscles will 
be extorted, or tilted outward, and, according to the reasoning on page 730, the image 
formed by it will be tilted in the opposite direetion, or inward. In paralysis of the 


4 [It is to be noted that an homonymous or a crossed diplopia which increases to the right or left 
does not necessarily mean paralysis of a lateral rotator, unless the diplopia is great and increases rap- 
idly. An homonymous diplopia which is of slight amount and increases moderately in looking to the 
right may mean (a) paresis of any abductor (externus, superior oblique, inferior oblique) of the right 
eye, or (b) paresis of any adductor (internus, superior rectus, inferior rectus) of the right eye when 
combined with an esophoria sufficient to neutralize the crossed diplopia that such paresis would nat- 


urally produce. So a crossed diplopia which increases to the right may mean 3 
rica eee eet g y an paresis of any muscle 
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superior rectus, the tilting will be observed in the upper field in paralysis of the superior 

‘oblique, in the lower. In paralysis of the inferior rectus and inferior oblique, for similar 
teasons the image formed by the paralyzed eye will appear tilted outward. The tilting 
increases in the direction of the gaze where the lateral diplopia due to the elevator or 
depressor paralysis also increases. These facts are shown in Figs. 331-338 and may 
also be stated in the following tabular form: 


Muscle paralyzed | Image tilted to Tilting most marked in 
Re HINPORIOY TECbUS. . =. - Ses we vce occ wecceukt Leni eeiar ees Eu & 1. 
MERION frac. she. Pao Foe nk od ‘Rott ote ee Sere = Ku & 1. 
RsisrariOr ObUGUCS Ys... 66. coe en coh oa oe {RAD ks geal ec | Hu &r. 
MeEtIneTtON FECUUS2:.)<.< 5 ss sash ce Docs ook Pek ws RGiechith eee eral Ue ene 
PEPEEPPION TEOUIS So Sos jc. 5 005% ws o @ op 3 phe cs aieie.s coors DRE Kod ier cay ae ee ideale 
ErEPRCEAUESOPUNEIC Sos Si 5.c.s oer. as win once wads Ravel ait, een aeieuntentaot Ed &1. 
PR SUPErIOr ODUGUC. .< ....-.2- <5 ncecctaneeatars TGR Ge reentrant | Hd & r. 
WERE CERO EEGUNES «a yarele Soe. Lic ask iss oe iste ee [Siuett seen eee eee | Ed & r. 


Tilting of the double images may be determined by taking the patient’s judg- 
ment as to the relative position of the two images of a candle; or, better, may be deter- 
mined and also measured with the Maddox rod or the clinometer (see page 771), which 
will also indicate surely in which eye the tilting takes place.—D.] 

Frequently a patient affected with a paralysis of a depressor muscle (inferior 
rectus or superior oblique) is not at all aware of there being a difference in level be- 
tween the double images, stating only that one image is nearer than the other. This 
is the more apt to be the case the more the plane of fixation is depressed, and is ac- 
counted for by Forster as follows: If we gaze at a rather distant point situated in the 
plane of the floor upon which we are standing, those points of the floor that lie nearer 
us form their images higher up in the retina than does the point of fixation. If, again, 
we fix the upper of two points which lie one beneath the other, the lower point in this 
instance also forms its image above the macula. When, therefore, we have upon our 
retina two images situated one above the other, these are open to a double interpreta- 
tion; they may be produced either by two objects one of which is situated nearer than 
the other, or by two objects one of which is lower than the other. Now, if, owing to 
a paralysis of a depressor, one eye stands too high, the point which the sound eye fixes 
will form its image in the paralyzed eye on a portion of the retina that also is situated 
above the macula. Then the difference in height between images in the two retinz 
may be interpreted in two different ways, just as if the two images were situated in 
the same retina. The patient may suppose the false image to be either lower or nearer, 
In Fig. 339 let the undotted figure represent the sound eye which is fixing the point O 
situated below the horizontal plane, i. e., is so directed that this point forms its image 
on the fovea, f, of the eye. The paralyzed eye represented by the dotted figure has 
not shared in the downward movement; its line of sight ¢2 remains directed straight 
forward. Hence in this eye the point O forms its image above the fovea, ¢, that is at 
g. Accordingly, this eye projects the point too far down and as much so as £ is too 
far up, that is in the direction by. (According to Hering the paralyzed eye must fee 
the point O at the spot where the point on the retina of the sound eye which corresponds 
to the point 8 occupied by the image of O would localize an image. This corresponding 
point is b, which is situated as much above the fovea f of the sound eye as 6 is above 
the fovea ¢ of the paralyzed eye. The point O therefore is seen along the directing line 
by. Cf. page 733.) Now the ‘point O may be regarded as located at different places 
along the directing line by, thus either at m so that the false image lies below the true 
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image, or atm, so that it stands on the same leve! but closer than the true image, or 
somewhere between these two points, for example at r, in which case the false image 
appears sometvhat lower and at the same time somewhat closer than the true image. 
That kind of projection which makes the false image look closer is actually forced 
upon the patient if the test object is set on a table or on the floor. The paralyzed eye 
ought then to see the candle flame beneath the table or beneath the floor. But this 
so contradicts experience that the patient involuntarily chooses that kind of projection 
by which the image of the higher eye appears on the table or floor but closer to the eye. 
[By varying the conditions of the experiment, e. g., by placing the candle on a descend- 
ing flight of stairs, the image which should be lower may be made to appear not only 
closer but also higher than the other (Sachs).—D.] 


Fic. 339.—APPARENT APPROXIMATION OF THE Fase IMAGE IN PARALYSIS OF A DEPRESSOR. 


662. Complex Cases.—The diagnosis as to which muscle is paralyzed 
often presents considerable difficulties even to the adept, if the case is com- 
plicated. This occurs— 


1. When several paralyses are combined, particularly in both eyes, and the pa- 
ralyses are partly complete, partly incomplete. 

2. When a disturbance of muscular equilibrium under the form of latent conver- 
gence or divergence (esophoria or exophoria) was previously present. Such a disturb- 
ance is converted from a latent into a manifest one when the paralysis sets in, as, owing 
to the latter, binocular vision becomes impossible in spite of the tendency toward 
fusion. 

3. When the two eves have an unequal visual power, and the paralysis affects 
the better eye. The latter then is used to perform fixation with, and the non-para- 
lyzed eye is in a condition of secondary deviation. In such a case it is easy for the 
sound eye to be regarded as the paralyzed one. 

4. When, in old paralyses, a contracture of the antagonists has taken place. 

The difficulties of diagnosis are often increased by lack of intelligence or by in- 
sufficient attention on the part of the patient, in consequence of which it is impossible 
to determine with precision the position of the double images. It may also be impossible 


: Se : 
5 (This may even occur when the paraly zed eye does not see as w vell as the other.—D, ] 
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to determine their position when, as in old paralyses, there is a tendency toward suppres- 
sion of the double images. Then it often requires long and painstaking efforts to get the 
patient to perceive the remote and indistinct false image. 

[Even these complex cases can usually be unravelled, if care is taken to use all 
the methods of diagnosis (excursion comitance, screen and diplopia tests) inall the 
cardinal directions of the gaze. In occasional doubtful cases of slight paralysis the 
use of the Maddox rod or the clinometer to determine which eye is pathologically tilted 
and which, therefore, is affected by the paralysis, may be of service.—D.| 


663. Etiology; Site of Causal Lesion.—Paralyses of the ocular muscles 
are the result of a lesion which may be situated anywhere in the course of 
the nerve tract, from its very beginning in the cerebral cortex to its termina- 
tion in the muscle itself. According to the site of the lesion, paralyses are 
distinguished into intracranial and orbital. 

In intracranial paralyses the focus of disease lies within the cranial 
cavity. It may affect the centers of highest rank which lie in the cortex 
of the brain (cortical paralysis), or the association centers, or, lastly, the 
centers of lowest rank—i. e., the nerve nuclei upon the floor of the fourth 
ventricle (nuclear paralysis). The bands of fibers, likewise, that connect 
these centers may be affected, as may also be those fibers that run from the 
nuclei to the surface of the brain and unite there to form the nerve trunks 
(fascicular paralysis); and the nerve trunks themselves may be affected in 
their course along the base of the skull (basal paralysis). 

Orbital paralyses are those in which the lesion is seated in the nerve 
trunk and its branches, commencing from the entrance of the nerve into 
the orbit through the superior orbital fissure, or those in which the muscle 
itself is affected. 

To diagnosticate the site of the lesion we must take account of the 
character of the paralysis, and particularly of those accompanying symp- 
toms that point to an intracranial or to an orbital lesion. 


1. Lesions of the centers of higher rank, situated above the nerve nuclei (that is, 
the cerebral cortex, the association centers, and the fibers connecting these parts with 
one another and with the nuclei—regions which are all comprised under the name 
of intracerebral tracts), never cause paralyses of individual ocular muscles. If, there- 
fore, isolated paralyses are present, lesions of as high a situation as this can be excluded. 
The only exception is ptosis, as this sometimes is met with as an isolated phenomenon 
in cortical affections. Otherwise lesions of the higher centers always cause conjugate 
paralyses. The eyes are unable to turn in some special direction, or they cannot be 
made to converge [or diverge]. In the given case the eyes are found not infrequently 
to be drawn toward the opposite side by a spasmodic contraction of the antagonists. 
Thus, for example, in paralysis of the lateral rotators to the right, not only is it impos- 
sible to turn the eyes to the right, but it may be that both eyes are turned continuously 
and strongly to the left (conjugate deviation). Conjugate paralyses, with or with- 
out deviation of the eyes to the opposite side, occur in diseases of the crura cerebelli 
ad pontem, of the pons, of the corpora quadrigemina, of the great ganglia of the brain, 
particularly of the thalamus opticus, and of the cortex. [See also page 797 and, for 
paralysis of divergence and convergence, pages 781 and 78+. | 
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2. Lesions of the nuclei on the floor of the ventricle (nuclear paralyses) produce 
for the most part paralyses of several ocular muscles. In this way there is developed 
what is known as central ophthalmoplegia. As a rule this is bilateral, for since fibers go 
from each oculo-motor nucleus to the muscles of both eyes, a lesion of the nucleus even 
though unilateral must also make its appearance in the muscles of both eyes. The 
ptosis, in comparison with the complete paralysis of the other muscles, is often con- 
spicuously slight. In most cases the interior muscles of the eye (those of the pupil and 
accommodation) remain exempt from the paralysis—i. e., it is an ophthalmoplegia 
externa. In the latter, the lesion is generally seated in the nerve nuclei. Ophthalmo- 
plegia externa does, indeed, occur with basal lesions, but, of course, it will rarely happen 
that a lesion which affects the nerve trunk itself should out of all the fibers spare just 
those that are designed for the interior muscles of the eye. [Yet an ophthalmoplegia 
exterior of basal site seems to be not so very rare. It may also be fascicular in origin. 
—D.] If there is an ophthalmoplegia totalis—that is, one in which all the muscles are 
paralyzed without exception—the site of the lesion may vary. In bilateral ophthal- 
moplegia we may be dealing with a nuclear paralysis, while an unilateral ophthalmoplegia 
totalis commonly originates in a lesion of the trunk of the nerve at the base of the brain, 
or even within the superior orbital fissure. 

A primary affection of the gray substance of the nuclei of the nerves of the ocular 
muscles lies at the bottom of most cases of ophthalmoplegia. In its nature this affec- 
tion is analogous to that which in bulbar paralysis attacks the motor nuclei situated 
farther down (the facial, glosso-pharyngeal, hypoglossal, and spinal accessory nuclei). 
Hence, the ophthalmoplegia may be combined with a bulbar paralysis. 

Ophthalmoplegia occurs either in an acute or a chronic form. Acute ophthalmo- 
plegia develops within a few days and is combined not infrequently with drowsiness. 
It is observed after poisoning (by alcohol or lead, botulismus, carbon monoxide gas) and 
after acute infectious diseases (diphtheria, influenza, measles, ete.), in which case also 
it is probably a toxic affect that is in question. It occurs, moreover, under the form of 
a disease analogous to the poliomyelitis of children. In all these cases there is an 
acute inflammation in the region of the nuclei (Wernicke’s polioencephalitis superior). 
Such cases may go on to recovery, but may also end in death by transfer of the process 
to the deeper motor nuclei of the medulla oblongata with consecutive respiratory paraly- 
sis. In chronic ophthalmoplegia the paralysis slowly attacks one muscle after another. 
The anatomical change that lies at the bottom of it is not an inflammation, but a gradual 
degeneration and atrophy of the gray substance. The most frequent cause is syphilis, 
and chronic ophthalmoplegia also occurs in tabes, progressive paralysis, disseminated 
sclerosis, myasthenic paralysis, and Basedow’s disease. Chronic ophthalmoplegia is 
as a rule incurable. There are also cases of congenital ophthalmoplegia. 

Ophthalmoplegia interna (paralysis of the sphineter iridis and the ciliary muscle) 
is a frequent sign of cerebral lues, and also occurs in the early stage of tabes and paresis. 
Cases that develop acutely are generally referable to poisoning (by substances resem- 
bling atropine in action and by sausage poison). 

Paralyses of individual exterior muscles also may arise as a result of lesion of the 
nerve nuclei. In this category belong, above all, the paralyses which appear in the begin- 
ning of tabes dorsalis, and, although somewhat less frequently, in disseminated sclerosis, 
and which in most cases are of nuclear origin. Tabetic paralyses often disappear in 
a surprisingly short time, in spite of the progress of the causal disease. But still they 
are apt to recur, and in many cases they remain permanently. By a nuclear lesion 
the abducens can be paralyzed at the same time as the facial, since the nuclei of these 
two nerves lie close together. 

3. Fascicular paralysis due to lesion of the fibers between their point of depart- 
ure from the nerve nuclei and their emergence at the base of the brain may be diag- 
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nosticated if there is paralysis of the oculo-motor nerve of one side with simultaneous 
paralysis of the extremities of the opposite side (crossed paralysis). In this case, 
then, a focus of disease must be assumed to exist in the lower part of the pedunculus 
cerebri (a, Fig. 307). Such a focus of disease causes injury both to the fibers of the 
oculo-motor nerve as they pass through the peduncle, so that the oculo-motor nerve 
of the same side is paralyzed, and to the pyramidal tract; but as the latter decussates 
below this point, the extremities are paralyzed on the side opposite to the lesion. Such 
a paralysis, however, might also be produced by a focus of disease at the base of the 
brain, if the disease were situated so near the peduncle as to cause injury to it. In 
analogous fashion a crossed paralysis of the extremities and of the abducens (and 
also of the facial) argues the existence of a focus of disease in the posterior part of the 
pons, or in the portions of the base of the brain adjoining it (6, Fig. 307). 

4. Lesions at the base of the brain may likewise affect one nerve or several, and 
not infrequently affect both sides at once. The facts which with more or less prob- 
ability lead us to infer the existence of a basal paralysis are: (a) When a whole series 
of cerebral nerves upon one side, such as those supplying the ocular muscles, the facial, 
auditory, the trigeminal, the optic, and the olfactory nerves, are paralyzed one after 
another. (b) When the affection of the trigeminus begins under the guise of a neuralgia, 
the latter not being observed in central paralyses. (c) When disturbances of sight of a 
certain sort are present. Among these are blindness of one eye without implication 
of the other, a condition which proves a lesion of the intracranial [or intra-orbital] 
segment of one optic nerve; also temporal hemiopia which indicates a lesion of the 
chiasm. Homonymous hemiopia occurs both in affections at the base of the skull 
through implication of the optic tract and also in lesions situated higher up. Hemiopia 
from involvement of the tract is rare and should be assumed to exist only when there 
are other factors that argue the presence of a basal affection. A tract hemiopia would 
also be inferred if there was a hemiopic pupillary reaction (page 614). The disturb- 
ance of vision can be made use of for diagnosticating the site of the lesion only when 
by ophthalmoscopic examination we can exclude the possibility that the disturbance 
of vision is located in the eye itself (e. g., as when due to papillitis or primary atrophy 
of the optic nerve). 

Basal paralyses of the eye muscles often result from fracture of the base of the 
skull. The abducens is particularly often paralyzed, as it runs close by the apex of 
the pyramid of the petrous bone and is readily injured by it (Panas). Because also 
of its closeness to the petrous bone the abducens is often implicated in otitic processes. 
Furthermore, transient abducens paralysis often occurs after lumbar anasthesia. 

To the paralyses of basal origin belong, too, most of the cases of periodic paraly- 
sis of the eye muscles. Such a paralysis most frequently affects the oculo-motorius 
[oceasionally the abducens]. The attacks are ushered in by headache, which is often 
associated with vomiting [ophthalmoplegic migraine]. After these symptoms have 
lasted for some days, the paralysis sets in. After some days or weeks this either dis- 
appears entirely or leaves a paresis of the muscles that lasts till the next attack. 'T he 
disease often begins in childhood, and ends either in recovery or in permanent paralysis. 
Some of these cases are of a purely functional nature (hysterical), in others there is a 
basal lesion (a circumscribed exudate or small new growths that press on the nerve). 

5. The diagnosis of an orbital paralysis must be made from the accompanying 
symptoms, when these are indicative of an affection within the orbit. Among such 
symptoms are pain in the orbit, either spontaneous or excited by pressure upon the 
eyeball or upon the margin of the orbit, a tumor deep in discoverable by palpation, 
protrusion of the eyeball, unilateral optic neuritis due to pressure of the optic nerve, and. 
finally the evidences of antecedent trauma affecting the orbit. (Cf. page 624.) 
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664. Nature of Causal Lesion.—As regards its nature, the lesion may 
develop as a primary affection in the nerves or in their areas of origin, these 
being attacked by inflammation or by simple degeneration. Much more fre- 
quently, however, these structures suffer indirectly as a result of disease in 
their vicinity, such as exudates (especially in the meninges), thickenings of 
the periosteum, neoplasms, hemorrhages, injuries, etc., by which the nerves 
or their nuclei are thrown into a condition of inflammation, are compressed, 
or are in some other way subjected to injury. Among the vascular changes 
which are to be enumerated as causes producing lesions of the nerves sup- 
plying the ocular muscles are arteriosclerosis, aneurysm, occlusion and rup- 
ture of the vessels. 

The cause of the lesion in the intracranial paralyses is most frequently 
syphilis in its later stages. This causes damage to the eye muscles either 
directly or by the roundabout way of tabes and progressive paralysis. 
Among the diseases of the central nervous system requirmg mention are 
disseminated sclerosis, vascular changes with their consequences {[embolism, 
hemorrhages], injuries, inflammations, and tumors. Among acute infec- 
tious diseases, diphtheria is the most frequent cause of paralyses of the eye 
muscles, and among disorders of metabolism, diabetes. 

The causes of orbital paralyses may be tumors, injuries, or inflamma- 
tions of the orbit or its vicinity, and as regards the latter the transfer of 
inflammation from the accessory sinuses of the nose is particularly to be 
thought of (see §§ 555 and 737). 

In the majority of these paralyses, which from the accompanying 
symptoms we must regard as peripheral, none of the causes above men- 
tioned is discoverable. Since these paralyses which as a rule take a favor- 
able course, are frequently referred by the patients to a cold, they bear the 


name of rheumatic paralyses. 

Myasthenia often begins in the eye muscles, usually under the form of ptosis. 
In this case the paralysis may pass over to the other eye muscles [besides the levator], 
but the interior muscles always remain exempt. The paralyses are characterized by 
the fact that they are made to increase rapidly by exhaustion. The diagnosis is made 
certain if at the same time there is feebleness of the muscles of the face, neck, and mas- 
ticatory apparatus. 

Paralyses of the ocular muscles may be of congenital occurrence. Mention has 
already been made of congenital ophthalmoplegia. The most frequent congenital 
paralyses are those of the abducens [occurring mainly in the form of the syndrome 
described below]. It is a remarkable fact that in these, contrary to what takes place 
in the acquired paralyses, contracture of the antagonists does not set in; both eyes 
have aperfectly proper position as long as the gaze is not directed toward the side 
of the paralyzed muscle. An inability to turn the eye upward has been observed 
occurring coimeidently with congenital ptosis. Autopsies have shown that in this 
case the superior rectus was absent. [Congenital paresis of the superior rectus is fre- 
quent and occurs often without any coincident ptosis. In such cases the patient often 
fixes with the paretic eye, the other showing a marked secondary deviation upward 
(upshoot) when adducted (Fig. 325). Paresis of the inferior rectus is also common, al- 
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though it is often very slight. Another less frequent congenital deviation occurs as a 
syndrome in which the external rectus is nearly or quite paralyzed, the internal rectus 
is paretic, and the eye when turned inward retracts more or less strongly into the orbit 
and at the same time turns up (sometimes down) while the palpebral fissure closes 
(false ptosis). Many cases of so-called congenital paralysis are really due to absence, 
abnormal insertion, or other structural anomalies of the muscles themselves. In cases 
of congenital paralysis diplopia can usually be elicited, and in any event true suppres- 
sion seems to be very rare. Congenital paralyses are frequently associated with a faulty 
position of the head, which may be noticeable early in infancy and in marked cases 
may simulate torticollis (see Fig. 324). ‘They not infrequently form the starting point 
of regular convergent or divergent squint, which develops during the first three or four 
years of life. Such a squint, which is produced by the superadding of an acquired lat- 
eral deviation to a congenital deviation, usually vertical, is distinguished from ordin- 
ary squint by not being amenable to orthoptic or refractive treatment. Such cases, in 
fact, if they demand relief at all, require operation.—D.] 


665. Course and Treatment.—The paralyses either set in suddenly or 
develop in an insidious manner. Sometimes relapses occur. The course of 
the paralyses is always chronic. Even in the most favorable cases six weeks 
and more are required for a cure, and many paralyses are absolutely incur- 
able. Whether this is so or not depends mainly upon the cause which lies 
at the bottom of the paralyses, and which, therefore, must first of all be 
taken into consideration in making the prognosis. Another means for 
determining the latter is afforded by the duration of the paralysis, since old 
paralyses, on account of the secondary changes that set in (atrophy of the 
paralyzed muscle and contracture of its antagonist), no longer hold out any 
prospect of a cure. 

Treatment has first of all to take account of the causal indication. In 
this respect syphilitic and rheumatic paralyses afford the best prognosis. 
In the former an energetic antisyphilitic treatment with iodine and mercury 
is indicated. In the latter we give salicyl compounds, and employ diapho- 
resis. For symptomatic treatment the local application of electricity is fre- 
quently employed (see page 57). 

Besides the treatment of the paralysis itself, it seems also requisite, 
until the cure has been accomplished, to relieve the patient from the annoy- 
ance which the diplopia and the vertigo entail. When we are dealing with 
very slight paralyses we can unite the double images by means of prisms 
set in a suitable position; in this case the patient is made to wear the prisms 
under the form of glasses. [Prisms are rarely useful, because in paralysis 
the diplopia changes in amount each time the eye is moved, so that at one 
moment is it over-corrected, at another under-corrected by the prism.—D.] 


- In more marked paralyses prisms do not suffice to compensate for the incor- 


rect position of the eyes. Then there is no other way of relieving diplopia 
than to bandage the paralyzed eye, or, better still, to apply glasses which 
have an opaque plate for the paralyzed eye. 

In old paralyses in which contracture of the antagonists has set in, we 
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can get a result only by operative treatment. This consists in section of the 
contractured muscle with simultaneous advancement of the muscle that is 
paralyzed (see §§ 882 and 887). By this means the deflected eye is brought 
into the proper position; and if the paralyzed muscle still has a certain con- 
tractile power, this muscle will be put under more favorable mechanical 
conditions for working. [In other cases,tenotomy of the associate is useful. 
See § 890.—D.| 


Tl). Spasm or THE OcuLaR Muscies 


(666. Symptoms.—Spasm of any muscle of one eye will cause that eye 
to shoot ahead of the other when both are moving in some special direction. 
The symptoms of such spasm are— 


1. Excessive Movement—The affected eye shoots beyond the other when the 
eyes are carried in a certain direction, and its total range of excursion in that direction 
is greater than that of the fellow-eye. 

2. The deviation thus produced, which can be made out by the screen and other 
tests, is greater if the sound eye is used for fixation than if the affected eye fixes,—i. e., 
the primary is greater than the secondary deviation. (Cf. remarks on p. 737.) 

3. Diplopia, increasing as the eyes are carried in the direction of the field of action 
of the overacting muscle. This diplopia is precisely the same in character and in be- 
havior as that which would be produced by a paralysis of the associate muscle in the 
fellow-eye,—i. e., the conditions will be as shown in the following table. 


In either case 
Corresponds to ee If R. eye 
Spasm of right paralysis of left | Rg | fixes L. | - | . Deviation and 
Meche deviates Diplopia is | diplopia caved 
aves | some- | | eyes are carried 
greatly | what | 
Hess 
External rectus...) Internal rectus...| Out... .| Otte... Grossed. . 26. . Clea. 
Internal rectus....| External rectus...) In..... | Tale Homonymous. To L. 
Superior rectus... .} Inferior oblique...) Up....| Down..) Right ®8....... Up and to R. 
Inferior oblique...| Superior rectus...| Up....| Down...) Right ®...... Up and to L. 
Inferior rectus....| Superior oblique..| Down..| Up....| Left ”........| Down and to R. 
Superior oblique.. al Inferior rectus....; Down..| Up....} Left 7........| Down and to L. 


Norr.—The conditions obtaining in spasm of the left eye (paralysis of the right) may be deduced 
by substituting right for left and vice versa. i 


4, False Projection.—H the projection test is made in the manner indicated on 
page 738 by having the patient close the good eye and try to put his finger on an object 
situated within the field of action of the affected muscle it will generally be found that 
in a case of spasm the patient undershoots his mark, just as in paralyses he overshoots 
it. Thus, a patient with a spasm of the right abducens who is trying to touch an object 
on his right will put his finger to the left of it. The reason for this is that the patient 
underestimates the distance that the eye travels, since he is aware only of the effort 
that he is putting forth in order to look at the object, and with an overacting muscle 
this effort is less than normal. 

5. An apparent movement of objects looked at may be produced by the false pro- 
jection, and this movement together with the diplopia may cause vertigo.—D. ] 


be I. e., vertical diplopia with the image of the right eye below.—D.] 
['7 L. e., vertical diplopia with the image of the left eye below.—D.] 
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[The appearances presented by a spasm of a muscle in one eye closely simulate 
those of a paralysis of the associate muscle in the other eye. Indeed the diagnosis 
between the two may be difficult, but in general can be made from the following :-— 


Potnts in Common 
One eye moves faster and further than the other when both are carried in some 
one particular direction; and this discrepancy between the position of the eyes and 
also the diplopia, false projection, and vertigo become more and more pronounced, 
the further the eyes are carried in that direction. 


SPASM. 

The absolute excursion of the faster 
moving eye in the given direction is 
greater than normal; that of the other 
eye is normal. 

The total excursion of the faster moving 
eye in the given direction and in the 
direction opposite is greater than nor- 
mal—i. e., the field of fixation is ex- 
cessively large in one of its diameters. 

Fixation is usually performed by the 
slower moving eye. 

The amount of deviation may show great 
and sudden changes from time to time. 


If false projection is present, it occurs 
when the faster moving eye is used for 
fixation (the other being closed), and 
the patient undershoots the mark he 
is trying to touch. 


PARALYSIS. 

The absolute excursion of the faster 
moving eye 1s normal in the given di- 
rection; that of the other eye is sub- 
normal. 

The total excursion of the faster moving 
eye is normal, that of the other eye is 
subnormal—1. e., the field of fixation of 
the latter is contracted in one of its 
diameters. 

Fixation usually performed by the faster 
moving eye. 

The amount of deviation remains con- 
stant or changes slowly and progres- 
sively. 

False projection occurs when the slower 
moving eye is used for fixation, and 
the patient overshoots the mark he is 
trying to touch. 


Furthermore, if an elevator or depressor is affected the eye which by the Maddox 
rod or clinometer shows an abnormal torsion is the affected eye.—D.] 


(667. Etiology.—Over-action of an ocular muscle may occur either 


becausethe muscle itself is excessively strong and over-developed (structural 
over-action), or because the tendon is inserted so close to the cornea that it 
exerts an undue leverage on the eye (insertional over-action). A marked 
example of insertional over-action is that produced by the operation of 


advancement.—D.| 

[True spasm is that form of over-action produced by excessive innerva- 
tion. It may be either primary or secondary. 

Primary spasm of the ocular muscles is rare. It may be produced by meningitis 
or other irritative affections of the brain, by reflex irritation from decayed teeth, by 
heightened pressure in the labyrinth, and by tetanus. Sometimes it oceurs without 
known cause. The spasm produced by hysteria or occurring in connection with con- 
vulsive attacks does not usually affect the individual muscles but some conjugate move- 
ment of the eyes especially convergence (convergence-spasm, see page 781) or a parallel 
movement (conjugate spasm, see page 796) 

Secondary spasm is common. It comprises— 

1. Secondary spasmodic deviation of the sound eye when the paretic eye fixes (see 
page 744). This deviation (see Table on page 758) always appears under the guise 
of a spasm of the associate to the paralyzed muscle. 


' 


760 TEXT-BOOK OF OPHTHALMOLOGY 


2. Spasm of a synergic muscle in the same eye. Thus in paralysis of the right su- 
perior rectus there may be a sort of compensatory spasm of the right inferior oblique. 
The resulting condition is quite like that produced by simultaneous paralysis of both 
superior recti, and differs only in that the diplopia in the left upper field fluctuates 
considerably and irregularly from one time to another. 

So, too, in an abducens paralysis we sometimes find an associated spasm of the 
other abductors (the two obliques) in the same eye. This causes the eye to nove by 
zig-zag jumps a little further out than the externus alone can carry it. If the eye is 
above or below the horizontal plane, the amount of additional movement thus obtained 
may be considerable. 

3. More or less irregular and-varying spasm in the opponents of the paralyzed 
muscle. 

4. Permanent spastic contraction (contracture) of the opponent to the paralyzed 
muscle (see page 741). In this case the paralysis itself may disappear and the contract- 
ure remain (see page 742). When this happens the picture presented will be that of 
spasm, pure and simple.—D.] 


[III]. HereRoPHORIA AND. COMITANT SqQuintT® 


668. Kinds of Deviation—Normally a person looking with both eyes 
fixates the same object with both. If he does so under all conditions—even 
for example, when the image in one eye is artificially made different from 
that of the other or is suppressed by covering one eye—he is said to have 
orthophoria. This is the ideal or natural condition. 

Opposed to orthophoria are— 

(A) Heterophoria. Both eyes fixate the same object when both are 
uncovered, but each eye will deviate, as soon as it is covered. 

(B) Squint (strabismus, heterotropia). Only one eye fixates at a time, 
the other deviating even when both eyes are open. 

A special variety of squint is produced by paralysis of the eye muscles. 
This on account of its peculiar characters has received special consideration 
(see page 736). 

What orthophoria signifies is rendered clear by the following experi- 
ment: We cause the patient to fix with both eyes an object at a distance 
of 6 metres from him. Then we push a sheet of paper before one eye and 
watch behind the paper the eye thus covered. We shall find that the eye 
remains correctly adjusted for the object, although it no longer sees it. It 
remains steadily in the position of fixation because this is the position of 
equilibrium for the eye. This position is the resultant of the varying 
amounts of mnervation which are supplied to the individual muscles and 
which are distributed among them in proper proportions (see page 
718). 


Disturbances of muscular equilibrium (muscular imbalance, including 


_, 18[In the sections that follow to the end of the chapter the matter, distinct in the former 
editions, contributed by the translator has been consolidated with the original in order to prevent 
repetition and overlapping. Owing to the way in which the material is dovetailed the use of brackets 
to indicate added matter would cause confusion. These, therefore, have been omitted, and it will 


be understood without them that for the statements contained in the ensuing sections the translator 
is responsible.—D.] 
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heterophoria and squint) are recognized by the same experiment. Suppose, 
for example, we are dealing with heterophoria. In this case, according to 
definition, the patient when he is looking with both eyes at the object will 
fixate it with both—i. e., there will be no deviation. Suppose now a screen 
is held before one eye. This will then deviate behind the screen in some 
way—say outward. When then the screen is withdrawn, the visual axis of 
this eye is no longer directed at the object, but the eye has an outward 
squint. It hence has to be brought back to the position of fixation by a 
movement inward (movement of adduction). Hence, on withdrawing the 
screen we observe a movement of the eye in a direction precisely opposite 
to that of its deviation behind the screen (movement of readjustment or re- 
dress). This latter movement is generally easier to make out than the devi- 
ation of the eye behind the screen, and hence is currently employed as a 


means of recognizing the latter. If, on the withdrawal of the screen, the 


eye makes a movement of redress inward, it has been deviating out behind 
the screen, and vice versa. The phenomena that present themselves in 
this experiment are accounted for as follows: In the example selected, in 
which the eye deviates out behind the screen, the two eyes during the act 
of fixation were not in muscular equilibrium, but tended to diverge. Yet, 
so long as vision was performed with both eyes, there was correct fixation 
because otherwise there would have been double vision. Now, there is a 
great antipathy toward double images and a correspondingly strong effort 
to secure single vision (fusion tendency; see page 734). Hence, an excessive 
convergence innervation is brought into action in order to oppose the ten- 
dency to divergence. But as soon as one eye is covered, diplopia can no 
longer take place; there is now no object in maintaining an excessive effort 
to perform convergence, and the eye consequently rolls outward. ‘The posi- 
tion of equilibrium for this eye is therefore a pathological one—namely, a 
position of divergence to a certain amount. As soon as the screen is with- 
drawn again, double images make their appearance, which, however, are 
speedily united by the return of the deviating eye to its normal position 
once more. 

Because of the fact that under ordinary conditions the deviation in 
heterophoria is not apparent, since it is compensated for by a correspond- 
ing output of innervation, the condition is called a latent disturbance of 
equilibrium (or latent deviation, or dyamic squint—Von Graefe.) 

In squint (including paretic squint), a similar deviation occurs not 
only when one eye is covered, but also when both eyes are open. In squint, 
therefore, we are dealing with a manifest deviation (manifest squint). 


Mixed conditions, e. g., orthophoria for distance and heterophoria for near points, 
heterophoria for distance and squint for near, or the reverse, often occur (§§ 682-685). 
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669. Directions of Deviations.—Deviations are also named according 
to the direction of the deviating eye. Thus: 


Heterophoria.—Both eyes fix when both are uncovered, but behind screen— 


Byther eye nnd 1s a ae oe eyelet ee epee gers = een eemneimeore Esophoria 
Hither eye turns out... 60. ccs bees 6 hs a ore ee etal tee Exophoria 
R. eye turns up and L. down ?°......---4-.--+++++++0-- R. hyperphoria 
L. eye turns up and R. down ..........+.++-+--+++-e05 L. hyperphoria 
Squint.—When both eyes are uncovered one fixes and the other turns— 
Apvarenyer Esotropia (convergent squint, strabismus convergens), R. or ye 
Out....Exotropia (divergent squint, strabismus divergens), R. or ],,.2° 
Ep oars Hypertropia (upward squint, strabismus sursumvergens), R. or L.?° 
Down..Hypotropia (downward squint, strabismus deorsumvergens), 
1peware | gs 
Behind sereen— 
Brtherceye deviates I, oo, <i cc l ierenegyn eee eetee Esotropia (R. or L.)”° 
IBIEHEr eye Ce yidtes OUbs ce. cel ie Sele ero Exotropia (R. or L.)” 
R. eye turns up and L. down”....R. hypertropia or L. hypotropia”* 


L. eye turns up and R. down”....L. hypertropia or R. hypotropia #4 


Squint may be either monocular or alternating. In monocular squint one eye, 
either the right or the left, always deviates and the other always fixes. In this case 
the squinting eye is commonly but not necessarily amblyopic. Of alternating squint 
three varieties are distinguished. In the first, both eyes have good vision but unequal 
refraction. For instance, one eye is far-sighted and the other near-sighted, so that the 
former sees clearly at a distance, the other near by, but both eyes can never see dis- 
tinctly at once. In this case the far-sighted eye will fixate in looking at a distance, the 
near-sighted eye when looking near by, and in either event the eye not used squints; 
the image in this eye not being distinct, its suppression is readily accomplished. Alter- 
nating strabismus [of this sort] is usually divergent, rarely convergent. Another kind 
of alternating squint is found exclusively in strabismus convergens. It consists in each 
eye’s being used for that half of the common field of fixation which is on the opposite 
side from it. An object which is carried from the patient’s left to his right in front 
of the eyes is first fixed by the right eye, while the left eye squints past the object to the 
right, but as soon as the object has passed to the right of the middle line, the left eye, 
by a movement of both eyes back to the left, takes up the work of following the object 
the rest of the way. Thus each eye avoids the necessity of making a strong movement of 
abduction. The third and commonest kind of alternating squint is that in which the 
patient, sighting an object straight ahead of him, and either far or near, fixes with either 
eye indifferently and sometimes with either at will. In this case the two eyes are usually, 
though not always, equal in refraction and vision. This kind of alternation occurs 
both in convergent and in divergent strabismus, and it is probable that in their begin- 
ning very many cases of squint are alternating. In all types of alternating strabis- 
mus since the two eyes are used alternately, the sight of both remains good. 


670. Types of Deviations.—We distinguish the following types: 

A. Non-comitant deviations, or those which increase in amount when 
the eyes are carried in some definite direction of the gaze and particularly 
when they are carried to the right or left. These deviations have already 


19 In some anomalous cases instead of one eye's going up and the other going down, when screened, 
each ey goes up or each down (anophoria, catophoria). 
*” According to the eye which habittally squints. 
a rery nase: s1P 7 : i i 
In some very rare cases each eye goes up or each down behind the screen (anotropia, catotropia). 
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been considered under the heads of Paralysis and Spasm of the Ocular Mus- 
cles (pages 736 and 758). 

B. Comitant deviations, which do not increase in amount as the eyes 
are shifted from one side to the other. These include— 

1. Periodic deviations, which increase as the eyes converge or diverge, 
thus being either greater for near than for far distance eel periodic) 
or vice versa (inversely periodic). 

2. Continuous deviations, which are the same in amount for distance 
and near. 

Deviations are also classed as intermittent and constant. An inter- 
mattent (which should not be confounded with a periodic) deviation is one 
which under the same conditions and with the object at the same distance 
from the eyes is sometimes present and sometimes not. A constant devia- 
tion is one which under the same condit’ons is always present. 

671. Vision in Squint.—As a result of one of the eyes’ being in an incor- 
rect position, a man with a squint should see double. But this is really the 
case only at the commencement of strabismus. The diplopia soon disap- 
pears, and afterward can be evoked only by the use of all sorts of artifices, 
or can not be evoked at all. This, too, is a feature distinguishing strabismus 
from paralysis, in which the diplopia is such an annoying symptom. A man 
with strabismus fails to see double, because he learns to withdraw his atten- 
tion from the impression conveyed by the squinting eye; he “‘excludes”’ or 
“suppresses” the image with this eye. The act of exclusion is a psychical 
act; the squinting eye really does see, but the visual perceptions set up 
by it do not excite attention—just as many men are able in looking through 
a microscope or telescope with one eye, to leave the other open, and yet not 
see with it. Asaresult of this act of exclusion, aman with squint has mere 
monocular vision; he does not, therefore, have stereoscopic sight in the 
proper sense of the word. 

The visual acuity of the squinting eye is diminished as compared with 
the other or sound eye (except in alternating squint). In many cases prob- 
ably a certain degree of enfeeblement of sight exists even before the incep- 
tion of the strabismus, and, in fact, constitutes one of the reasons for the 
development of the latter. The enfeeblement of sight, however, becomes 
greater and greater the longer the strabismus lasts, since an amblyopia ex 
anopsia develops on account of the exclusion of the eye from the act of vis- 
ion (see page 633). This amblyopia finally reaches such a pitch that reading 
becomes impossible, and the sight may even be reduced to the ability to 
count fingers at a short distance. Such an eye has unlearned its ability to 
perform fixation ; when the sound eye is covered the squinting eye remains 
rigidly fixed in its false position or wanders uncertainly or may actually 


squint more strongly than before. 
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There is no doubt but that in the beginning of strabismus there is diplopia quite 
as much as there is in paralysis of an ocular muscle. But since in convergent strabis- 
mus the development of squint takes place in childhood, we hear nothing about diplo- 
pia, and by the time that the children are old enough to give a trustworthy account, 
they have already learned to perform exclusion. Then diplopia can usually be pro- 
duced only by artificial means—e. g., by putting colored glasses before the eye or by 
prisms through which the image in the squinting eye is brought nearer to the fovea 
centralis. But when the squint does not develop until later in life, as is the exception 
in convergent, but the rule in divergent strabismus, diplopia is then one of the regular 
symptoms. Sometimes it is so disagreeable as to furnish the main reason for the patient’s 
visit to the physician. 

While ordinarily no diplopia exists in old cases of strabismus, it is just in these 
cases that it is very apt to develop after tenotomy. This is accounted for as follows: 
The process of exclusion affects not only the squinting eye, but also in part the one Le 
that does not squint. In the squinting eye, as long as the eye was squinting inward, 
the image of the object that the other eye is gazing at falls on the portions of the retina 
situated to the inner side of the fovea (Fig. 313). This region of the retina had ac- 
cordingly accustomed itself to abstract its attention from the impressions received. 
But this is not the case with the fovea of this eye, which does perceive the images falling 
on it; while, on the other hand, these latter images are excluded by the corresponding 
portion of the retina (lying to the inner side of the fovea) in the sound eye. This con- 
dition of things we call regional exclusion. If, now, after tenotomy the eyes stand nearly 
or quite in the proper position, the image of the object of fixation falls in both eyes on 
the fovea or its vicinity-—-that is, on portions of the retina which have not been exercised 
in exclusion. Hence the patient complains of diplopia. In this case the diplopia fre- 
quently does not correspond to the relative position of the eyes. There may, for in- 
stance, still be a slight degree of pathological convergence, and yet the double images 
may be crossed, as if the visual lines of the two eyes diverged (paradoxical double images). 
The usual explanation for this phenomenon is that the squinting eye has gradually 
learned to project its images exteriorly in accordance with its own faulty position. Just 
as in the sound eye the starting point for orientation is the fovea, in the squinting eye the 
starting point is that part of the retina, lying to the nasal side of the fovea, upon which 
fall the images of the objects that the sound eye gazes at directly; i. e., it is the spot 
which, when the eye was in a squinting position, was identical with the fovea of the 
other eye. If, then, the squinting eye is suddenly brought back to the correct position, 
this portion of its retina, that thus formerly corresponded to the fovea of the other eye, 
is carried still further inward, as in other cases the actual fovea is carried in divergence 
of the eyes, and now the eye projects erroneously, just as it does in a ease of divergence 
due to paralysis (page 739). Many of the cases, however, can not be explained in this 
way. The diplopia following a squint operation as a general thing soon disappears, 
but in very rare cases it obstinately persists and becomes extremely troublesome to 
the patient. Paradoxical diplopia may also oceur in squint without operation, 

If a man with squint does see with both eyes, he still resembles a one-eyed man 
in this, that like him he has deficient perception of depth and deficient or wanting 
stereoscopic vision. ‘Those who squint do not notice this defect themselves, because 
they have learned by practice to form from attendant circumstances conclusions as to 
dimensions of depth, even though they do not appreciate them directly, and hence, so 
far as perception of depth is concerned, are not inferior to persons who have binocular 
vision. ‘To show that the perception of depth in those who squint is nevertheless inferior 
to that of people with binocular vision requires pretty refined tésts such 
as examination with the stereoscope or by means of Hering’s test with falling bodies 
(see page 728). Moreover, the vision of*those who squint is distinguished from that of 
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one-eyed people by the greater extent of the field of vision. The field of vision of one-eyed 
persons as compared with the normal field of binocular vision is limited toward the 
nasal side. In default of the right eye, for example, the field of vision represented 
in Fig. 271 would be minus the shaded portion, R, upon the right side. But this would 
not be the ease with one who squints with his right eye. The exclusion of the right eye 
from the visual act is done only to avoid diplopia, and hence is limited to those objects 
which throw their images in both eyes at once—that is, to those which are found in the 
portion of the visual field common to both eyes (the portion left white in F ig. 271). 
The case is otherwise when the object passes into the temporal portion of the visual 
field of the squinting eye (into the right shaded portion in Fig. 271), where it can no 
longer by seen by the other eye because hidden from it by the nose. Then the image of 
the object is not suppressed by the squinting eye. Hence, the field of binocular vision of 
a man with squint is about as large as that of a normal man.” 

The temporally situated portion of the visual field, for which there is no suppres- 
sion of the images, corresponds to the innermost portions of the retina of the squinting 
eye. This, therefore, remains in constant practice and retains relatively good sight, 
while the sight in the other portions of the retina keeps falling off more and more. 
Hence in old cases of squint, we find on covering the healthy eye that the squmting eye 
no longer fixates, but, on the contrary, turns even more strongly in, so as to direct 
toward the object the innermost section of the retina with which, relatively speaking, 
it sees best. 

Views are by no means in accord with regard to amblyopia ex anopsia—many hold- 
ing that there is no such thing and that the amblyopia of a squinting eye is always 
congenital and is the cause, not the result of the squint. On the whole, however, the 
testimony seems in favor of the view enunciated. 


672. Tests.—Our main tests and what they show us are as follows: 

I. Tests of monocular fixation, showing whether each eye by itself can 
perform fixation. 

II. Tests of binocular fixation, showing whether the eyes always or usu- 
ally perform binocular fixation or whether one deviates. 

III. Tests of binocular vision, showing whether the patient has or has 
not simultaneous vision with the two eyes, and, if he has, whether he has 
binocular single vision, or else either diplopia or a tendency to diplopia, and 
how much tendency he has to fuse the double images. 

IV. Tests of monocular movement, showing whether each eye by itself 
can move freely in all directions. 

V. Tests of the co-ordinate movements of the two eyes and, particularly of: 


(a) Parallel movements. 

(b) Movements of convergence. 

(c) Movements of divergence. 

The best test object is either a small flame on a dead-black background 
or a black spot on a large white surface. The spot should be 8 mm. wide 
for the distance tests and 1 mm. wide for the near tests. 

In many of our tests we measure the deviation by correcting it with 
prisms. In so doing the apex of the prism is always placed in the direction 

2 Ag a4 matter of fact it is somewhat smaller in strabismus convergens, because, owing to the 


convergent position of the eyes, the visual fields overlap more than usual; and for an analogous reason 
in strabismus divergens it is larger than usual. 
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in which the eye deviates, i. e., toward the temple in exophoria or divergent 
squint, toward the nose in esophoria or convergent squint, up before the 
right eye or down before the left in right hyperphoria, and in the opposite 
direction in left hyperphoria. 


In applying prisms we must remember that the amount of deviation that they 
produce and hence the amount of deviation that they measure (a) vary unequally with 
the strength of the prism; (b) vary greatly according to the way in which the prism is 
held. If the prism is held in the usual position before the eyes, i. e., with the plane of 
its base parallel with the line of sight, the following relation holds good 


Prism angle (A) Ca reer peice Prism angle (A) Actual deviation 

1 0.5 45 29 
5 ao 50 34.5 

10 5.5 ‘ay aS 

16 9 | 54 40.5 

20 11 56 45 

Des ee 14 58 50.5 

30 18 59 56 

31) 21 59.2 | Total reflection. 

40 25 } 


A slight variation in the position of the stronger prisms will make a great differ- 
ence in its deflection power. 


673. Test of Monocular Fixation—1l. Fixation test—We make the 
patient cover one eye and then direct his other eye sharply at some well- 
defined object, like a pencil or a light, held straight in front of him. Inspec- 
tion then will show, whether his fixation is central or eccentric, or whether, 
as in cases of a high grade amblyopia, he cannot fix at all. 

674. Tests of Binocular Fixation.—1. Inspection. We note by this any 
obvious deviation of the eyes, and whether this deviation is constant or 
intermittent, and monocular or alternating. 


While ordinarily the presence of a squint is obvious from inspection, a slight 
strabismus may escape notice. ‘The diagnosis, however, will be made at once from the 
screen test (page 767). 

Just as a slight strabismus may remain unnoticed, so also it can happen that we 
may believe that we are dealing with a strabismus when none exists. An apparent 
strabismus of this sort is most frequently simulated in the following way: The visual 
axis which joins the object of fixation to the fovea centralis does not in most eyes pass 
through the apex of the cornea, but the latter lies somewhat to the outside, or rarely 
to the inside of the axis.?* If, then, the visual axes are parallel for distant vision, the 
corneal apices in the first case are divergent, in the second case convergent. If this 
deviation attains a pretty high degree, it becomes noticeable and simulates strabismus. 
Here, again, the screen test leads to the correct diagnosis; for when each eye 


* [The angle between the real and the apparent directions of the eye in this case has been vari- 
ously termed angle a, angle B, : 


\ angle y and le i e way i ich it he 
(See puge 769.)—D.] gle y and angle x, according to the way in which it has been defined. 
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is covered alternately it is apparent that the eye which is not covered remains steadfast 
in its position, and hence performs fixation properly. 

With many persons it happens that during fixation the eyes are properly placed, 
but, when they are looking about without thinking of anything in particular, one of 
the eyes squints a little outward. In such cases we are generally dealing with myopes 
with latent divergence (exophoria). In most this condition remains the same all through 
life, while in some few a constant divergent squint develops from it. 


2. Screen Test.—The patient is directed to look sharply at the test 

object, and then a ecard is placed before the right eye and passed quickly to 

and fro from one eye to the other. 

If there is orthophoria, neither eye will deviate when covered, and each 
consequently will remain steady when the screen is removed. If, however, 
there is squint or heterophoria of more than a degree or two, each eye when 
covered will deviate, and when uncovered will turn back into the fixing 
position. Thus, if there is either an esophoria or convergent squint each 
eye in turn will deviate in or towards the nose when covered, and will swing 
out again when uncovered. 

In squint, whether non-comitant (paralytic) or comitant, the deviation 
of the squinting eye behind the screen is called the primary deviation; that 
of the non-squinting eye is the secondary deviation. In paralytic squint the 
secondary deviation exceeds the primary (page 737); in comitant squint, 
usually, but not always it equals it. 
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Fic. 340.—PRIMARY AND SECONDARY DEVIATION IN SQUINT. 
A, eyes uncovered. The right eye, R, squints in so that its cornea is distant cs from the outer 


Be ic cre covered. ee ans davbucs, 
The right eye is now straight, having turned out by an amount sm=the primary deviation. 

The amount of the deviation can be roughly determined by inspection, 
but is best measured accurately by placing a prism before the eye (apex in 
for esophoria and convergent squint, apex out for exophoria and divergent 
squint, apex up or down for hyperphoria), and increasing the strength of 
the prism until the screen-deviation is first abolished and then converted 
into a movement: in the opposite direction. The first prism that causes 
this over-correction, less 2A, represents the amount of the deviation. 

In paralysis and ordinary squint, the prism which abolishes the move- 


ment when placed before the deviating eye, measures the primary deviation ; 


- 
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that which abolishes the: movement when placed before the sound eye meas- 
ures the secondary deviation. 

Having thus ascertained that a deviation is present and how much it. 
is, we next inquire 7f it is a squint or a heterophoria. 

To determine this, we make the patient look fixedly at the test-object | 
with both eyes open, and then alternately cover and uncover one eye,—say 
the right,—leaving the other all the time uncovered (method of binocular 
uncovering). By thus covering the right eye we compel the left eye to fix, 
if it is not already doing so, and we allow the right eye to deviate, if it has 
any tendency to do so or if it is not already deviating. 

In this case three conditions may obtain: 

(a) There may be heterophoria. In this event the left eye which is fix- 
ing already will continue fixing when the right eye is covered, and the latter 
which was fixing before being covered will now deviate. ‘Then, when the 
cover is taken off again, the right eye will swing back into place and the left 
will still remain fixing,—i. e., both on applying and removing the screen, 
but one eye will mcve, and that the one that is being covered. 

(b) There may be a squint of the right eye. In this case the left eye 
which was fixing before the right was covered will continue fixing afterward, 
and the right eye which was deviating before it was covered will remain 
deviating afterward. Then when the right eye is uncovered again, the left 
eye will still remain fixing (because it is the eye that habitually fixes) and 
the right will still remain deviating (because it is the eye that habitually 
deviates). That is, both on covering and uncovering, neither eye moves, 
provided the cover is put over the squinting eye. 

(c) There may be a squint of the left eye. Then the left eye, which 
was deviating before the right eye was covered, will now have to move 
into place in order to fix. As it moves into place, the right eye, which 
is behind the screen, will move out of place. Then, when the screen is 
removed, the right eye, which has thus become deviated, will move back 
into the fixing position, since it is the right eye which ordinarily fixes 
when both eyes are open, and the left eye will move out of the fixing 
position and back to its ordinary position of deviation. That is both on 
covering and uncovering, both eyes will move, provided in the case of a 
squint the screen is put before the fixing eye. 

If repeated applications of the test show that sometimes the right eye 
squints, sometimes the left, then we are evidently dealing with an alternat- 
ing strabismus. 


3. Perimeter and similar tests (Priestley Smith’s tape test, Hirschberg’s test). 
In Hirschberg’s test the patient is made to look at a lighted candle placed one foot in 
front of his eyes. The observer stationing himself behind the candle notes the position 
of its reflection in the cornea of the squinting eye. If it is at the margin of the cornea 
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we assume that there is a squint of six mm. (i. e., about 45° of are); if it is half way 
between the centre of the cornea and the margin it is three mm., etc. 

In the perimeter test, the squinting eye (L, 

Fig. 341) is placed at the center of a perimetric G 

are, and the good eye, R, is directed to look at a 
light, G, twenty feet distant and in line with the 
squinting eye and the zero point, 0, of the are. The 
observer carries another light, K, along the are of 
the perimeter (keeping his own eye A, right behind 
the light), and watches the reflection of the latter 
as it sweeps across the cornea of the squinting eye. 
When the refiection occupies the center of the cornea 
the position of the light on the perimetric are indi- 
cates the angle of squint. 

Similar in principle is Priestley Smith’s tape 
method, except that the good eye is made to follow 
an object along a tangent scale, until the reflection 
of an ophthalmoscopie mirror, through the peephole 
of which the observer is looking occupies the center 
of the cornea of the squinting eye. 

In all these methods allowance must be made 
for the amount of the angle gamma.” 

No one of these methods at all approaches 
the screen test either in accuracy or in convenience. 
They do not show, or at least they show very im- 
perfectly, the character of the squint (whether 
alternating or constant, periodic or continuous). 
Nor can they measure a vertical and a lateral devi- 
ation simultaneously, as the screen test does. Nor 
can they measure well, as it does, low degrees of 
squint, and they cannot measure heterophoria at all. 
Nor can they show, as it does, the varying amount 
of the deviation in different directions of the gaze. P 


LR Ee 

675. Tests of Binocular Vision.—1. Par- x6. 341. Measurement or STRABIS- 
allax Test—As we are passing the card from = “© AN@U WiTH 4 Panimnrer. 
eye to eye in making the screen test, we ask the patient whether the object 
he is looking at seems to move or not. If it does, it means that he 
actually sees the object double, only instead of seeing the two images simul- 
taneously he sees one after the other. Thus, if on uncovering the right eye 
the object seems to move to the right it means that the right-eye image is 
to the right of the left—i. e., he has homonymous diplopia (esophoria). If, 
under the same conditions, the object had seemed to move to the left he 
would really have crossed diplopia (exophoria). If it had moved down 
he would have had a right hyperphoria; if up, a left hyperphoria. 

In order to be sure that the patient is actually fixing the object and not 


2% The angle y is determined sufficiently well by placing the eye at the center of a perimetric are 
and making it fix the zero point of the perimetric scale. A light is then carried along the arc until its re- 
flection occupies the center of the cornea. The position of the light on the perimetric arc shows the 


amount of the angle gamma. 
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looking beyond it, so that he sees it projected against a background more 
remote, the test object should be on the same plane as the objects imme- 
diately surrounding it. 

The amount of the parallax is measured accurately by the prism which, 
placed before the eyes, will cause its abolition. Thus, an homonymous par- 
allax which is completely abolished by a prism of 15A base out, indicates 
an esophoria of 15A, ete. 

The test is very precise, deflections of a quarter of a degree being measurable in 
this way. It is also accurate. It has further the advantage that vertical and lateral 
deflections, simultaneously present, can be simultaneously measured by a combined 
lateral and vertical prism. But its greatest value lies in the fact that it is a subjective 
test which is made at the same time and under the same conditions as the objective 
screen test. If there is any real discrepancy between the subjective projection of images 
and the objective position of the eyes—in other words, if there is a faulty projection— 
it ought to show in a notable and constant difference between the findings of the two 
associated tests, the parallax and the screen. This, indeed, is occasionally, but only 
occasionally, the case. 

2. Red Glass.—If there is much tendency to diplopia the mere inter- 
position of a red glass before one eye will evoke it. In this case the test. 
object should be a light, of which, then, two images will be seen—one red, 
the other white. This proves that the patient has binocular vision with diplo- 
pia. If, with the red glass before one eye, the patient sees a single light 
which is white tinged with red, he surely has no diplopia, and has binocular 
single vision. If he sees a single light which is 
pure white or pure red he is suppressing the im- 
age in one eye (see page 763). In this case he 
has no diplopia and has only monocular vision. 

The amount of deflection, and hence the 
amount ‘of deviation, may be determined either 
by ascertaining the linear distance between the 
double images (allowance being made for the 
distance of the object from the patient), or by 

Fra. 342.—Mapvpox Rov, ‘finding out what prism will be required to 
Instead of a single thick glass . 
rod there is now used a series of OVercome the diplopia. 
A iey eee we ee Done 3. Maddox Rod.—The Maddox rod consistsof 
If the rods are held horizontally ; : ae es 
the red line of light produced by ONe Or more little cylinders of glass set in a frame. 
Hota aa vertigal pnd “vive versa. (Sea Hig, 842) If the anetriment an lhetaeee 
shown in the figure and placed before the right eye, the patient, looking at 
the light, will see with this eye the light transformed into a luminous ver- 
tical streak. This streak is so different in appearance from the flame that 
the patient usually has no tendency to fuse it with the latter as he fuses 
ordinary double images. 


He hence allows a deviating eye to assume its 
natural position, as it would do behind the sereen. If he has neither eso- 


phoria nor exophoria the streak will appear to run through the flame which 


37 
’ 
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\ 
in its unaltered form he sees with the left eye. If he has esophoria it will 
appear to the right of the flame; if he has exophoria, to the left of it. 

To ascertain whether hyperphoria is present or not, the rod is turned’ 
at right angles to the position shown in the cut and again placed before the: 
right eye. If the patient has no hyperphoria, he will see a horizontal line 
bisecting the light. If, however, he has right hyperphoria the horizontal 
line will appear below the light, and if he has left hyperphoria the line willl 
appear above the light. 

The amount of deviation may be measured by the linear distance of the 
streak from the light or by the amount of prism that will be required in 
order to make the streak coincide with the light. 

The Maddox rod can also be used to indicate whether there is any torsion 
of the eye—i. e., any tilting of its vertical meridian to the right or left. If 
there is, the streak of light will appear tilted when the rod is set vertical, and. 
the number of degrees through which rod has to be rotated to make the line: 
of light appear vertical, will indicate the amount of the torsion. Torsion: 
can also be measured by Stevens’s clinometer.. 

4. Phorometer.—The basis of this is Von Graefe’s equilibrium test. 

This starts from the fact that a disturbance of equilibrium becomes manifest as 
soon as we render binocular single vision impossible. To accomplish this, we place 
before one eye a prism with its base down.or up and of such strength that it can not be 
overcome by an effort of the eyes acting to place them on different levels (see page 734). 
For example, we place the prism, P 
(Fig. 343 A), whose refracting angle A 
amounts to 10°, with its base down 0,~-~~_ 
before the left eye, and tell the person ae 
under examination to fix his gaze upon ae 


an object, o. The left eye now sees ay 7 
the object, 0, not at its proper place, @ &-) 
but at 0;; and hence with both eyes 


together there are seen double images 

on different levels. If there is mus- B | C 

cular equilibrium, so that the eyes eL Ayfé 

converge properly at o, the two im- 

ages stand vertically over one another 

(L and R, Fig. 343 B). But if there eR eR 

isa disturbance of equilibrium,andcon- pg Fak aa Gra sene ears made oD werd 
sequently an excessive or a deficient 

convergence, a lateral separation of the images is superadded to the difference of level. 
In fact, the effort to compensate for the disturbance of equilibrium by appropriate 
innervation now disappears, since the double images could not be seen as one in any 
case on account of the difference of level. Suppose, for instance, that there is an exo- 
phoria. Then the left eye deviates out behind the prism. The point 0 consequently 
casts an image to the outer side (left) of the fovea, and is therefore seen too far to the 
right (crossed double images, Fig. 314). Hence, the upper dot which belongs to the 
left eye no longer stands vertically above the lower, but to the right of it (Fig. 343 C)- 
If now a second prism, the base of which looks inward, is placed before the prism which 
has its base down, the rays coming from the dot are deflected by this second prism 
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inward toward the vertical meridian of the retina, and the upper image moves to a 
point more nearly above the other. By trying stronger and stronger prisms we can 
at length find one which brings the two images exactly over each other in a vertical 
line. This corrects the lateral deviation of the eyes, and hence gives the numerical ex- 
pression for the heterophoria. 

The phorometer (Fig. 344) consists essentially of two 6A prisms, geared 
so that they can be rotated simultaneously but in opposite directions. The 
prisms are first set so that their bases both look inward; the patient then 
looking through the prisms will see two images of the test object, that of the 
right eye being on the right side. If he has no hyperphoria the images will 
be on the same level. If he has right hyperphoria the right image will be 
lower; if he has left hyperphoria it will be higher. In case the images are 
not on a level the prisms are rotated until they are; then the amount of 
hyperphoria can be read off from the index. 

To measure for lateral deviations the prisms are rotated until the right 


{[Fia. 344.—StTrevens’s PHOROMETER.—D.] 


hand one points down, the left up. Then, if there is no esophoria or exo- 
phoria, the images will appear directly over each other. If, however, there 
is esophoria the upper image will appear on the left; if there is exophoria it 
will appear on the right. In either of the latter events the prisms are rotated 
until the images do stand over each other, when the amount of the esophoria 
or exophoria, as the case may be, can be read off from the index. 

5. Bar-reading.—If the patient is directed to read and holds a pencil 
some three inches in front of the page. between it and his eyes, he will still 
if he has binocular vision. be able to read every word, because the letters 
that are hidden from the left eye will be seen by the right, and vice versa. 
If he has no binocular vision, the pencil obviously will cut out part of what 
he is reading. Hence, this simple test enables us to tell whether he is using 
one or both eyes. 

6. Stereoscope and Amblyoscope.—A patient who has binocular vision 
wiil be able to see two dissimilar images placed in the stereoscope and to fuse 
them into a single image. This is impossible for one who has only monoc- 


oy 
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ular vision. Different forms of stereoscope have been devised, both for 
determining the presence or absence of binocular vision and also for train- 
ing binocular vision and the fusion faculty. The same object is accom- 
plished with the amblyoscope (Fig. 345). 


The stereoscope and especially the amblyoscope will show both the patient’s ability 
to perform fusion and to secure stereoscopic vision (stereopsis). In some cases,especially 
of long-standing squint, both fusion ability and stereopsis are entirely absent. In others 
they are present to a varying degree, and then can often be cultivated—the more so, 
the younger the patient. By such cultivation, we may secure a cure in some cases of 
squint, and in others may make a cure by operation more likely. 

Another test (7) of stereoscopic vision is Hering’s test (see page 728). 


(Fie. 345.—WorrnH’s AmBiyoscopr, Mopiriep By BLAcK. 
The amblycscope consists of two tubes, bent and joined so as to admit of being converged and 


iff i ; > of t B 

diverged through a considerable angle. In the Black modification here BRO E, Serle abo oon 

Iso be raised or lowered, an arrangement advantageous when the two ¢ are One he Joyal. 
rppiooe 1 arc may also be added, which shows the amount of the deviation or o e conv Tee 

ok, easel ya sick ved. The turther end of each tube carries a picture mounted on a translucent 
<a ey ballalgi ‘hea yioete at the bent portion of the tube enables the patient looking through the 
plate of cellu rag icture with the corresponding eye. If he has binocular vision he will see two Ree 
Seopa tee ic -e, and by swinging the tubes in or out he will get these two pictures together 
ety Soul ney? she ‘use of simple ‘devices the image formed by the better eye can be dimmed so 
and fuse , J 8 


that there is less tendency to suppression by the other.—D.] 


D 


All the tests given in this section are dependent for their success on the 
presence of at least a certain amount of binocular vision. When this is 
absent, as is the case in suppression ( see page 763), these Hee ene be 
applied. This is true of most cases of comitant acai We are t — Stee 
back on the other tests, particularly the screen test. But in many eras 
comitant squint the suppression is only partial, and in these some of the 
tests of binocular vision, particularly the amblyoscope, are applicable. 

676. Tests of Monocular Movement.-—These tests are made to deter- 
mine whether either eye by itself can move properly—irrespective of whether 
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it can keep pace with its fellow or not. By determining the limits of move- 
ment in every direction we delimit what is called the field of monocular 


fixation. 


The limits of the monocular excursions in each meridian, i. e., the limits of the 
field of fixation are variously given by different observers and probably vary within 
somewhat widely even in normal subjects. According to Landolt, with whom the trans- 
lator is in substantial agreement, the field of fixation extends not less than 47° in all 
dlirections, except above, where it is generally somewhat less. Outward and inward it 
is usually somewhat more than this (about 50°), and below it often extends to 55°. 
Permanent restriction within 47° in any direction except above must be regarded as 
probably pathological (Landolt). Quite certainly pathological would be a rotation 
upward of less than 40°, one downward of less than 50°, and one in or out of less than 
AD5°. 

The tests are: 


1. Inspection. The eye is made to follow a well defined object and the 
observer notes when the eye begins to flag or waver. This, though a rough 
test, is sufficiently accurate in most cases. 

2. Measurement of the excursion ou a tangent scale or a perimeter. Here 
the patient is made to follow a sharply defined object (e. g., two closely set 
parallel lines on a bit of cardboard) which blurs the moment fixation wavers. 
‘The object is carried out from the center, the eye following it. The exact 
point at which the object blurs is noted, and the corresponding amount of 
angular rotation read off from the scale. 

3. Stevens’s tropometer. 

In measurements made by any of these methods it is absolutely essen- 
tial that the head should be fixed, and the eye alone move. 

It is also important in most cases that measurements be taken in each 
one of the six cardinal directions of the gaze. 


Another monocular test that indicates whether an eye performs rotation properly 
or not is: 

4. The projection test (page 738). For, if the patient, when looking with but one 
eye projects faultily—i. e., if he overshoots or undershoots the mark—as he makes 
the attempt to point at an object lying to one side or the other, he is evidently trying 
to move the eye with a muscle that is abnormally innervated. If he overshoots the mark, 
the muscle that moves thé eye in that direction is too weak, if he undershoots it, the 
muscle is too strong. 

One other monocular test is: 

5. The clinometer or Maddox rod. While these may be employed to test torsion 
in binocular vision (see page 771), they may also be employed to show deflections 
of the corneal meridian in one eye even when the other is covered or blind. Occasion- 
ally in doubtful cases we can by thus proving the presence of torsion in one eye show 
that this eye is the ohe affected with paralysis or spasm (ef. page 759). 

In general, the tests of monocular movement (tropometer, ete.) are of subordinate 
importance; first, because they do not show what we mainly wish to know, i. e., how the 
two eyes work together; and, second, because they are very variable and éften fail to 
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reveal an anomaly that is present. I have repeatedly seen cases in which one eye, when 
tested by itself, apparently moved well in all directions and yet showed a considerable 
and increasing deflection when the attempt was made to move it in conjunction with 
its fellow. Again, when we examine the eye in different days we may find wide varia- 
tions in the range of its excursion, showing that the patient sometimes puts forth his 
full strength, sometimes does not. In binocular movements whether he puts forth his 
full strength or not is of little importance, since if he fails with one eye he will equally 
fail with the other, and any disparity in movement between the two willstill be apparent. 


677. Tests of Binocular Movement.—These comprise— 

A. Tests of Conjugate (Parallel) Movement of the Two Eyes.—An essen- 
tial requirement in making these tests is that the eyes shall be carried in 
each of the six cardinal directions of the gaze (see page 720). The tests com- 
prise— 

1. Excursion test (see page 744). 

2. Comitance test (see page 745). 

3. Determination of the screen deviation in the six cardinal direc- 
tions (page 745). 

These three tests are fixation tests determining the binocular excur- 
sions, the field of binocular fixation, and the deviation in different directions 
of the gaze. 

They are independent of binocular vision and can therefore be em- 
ployed when there is suppression. The subjective counterpart of these 
objective tests, but which can be employed only when there is binocular 
vision, is the determination of 

4. The field of double vision with the tangent plane (see page 746). 

B. Tests of Convergence.—These comprise: 

1. A comparison of the deviation for distance and that for near, 
as determined by the screen, parallax, and phorometer. A 
deviation which increases notably in near vision, i. e., a 
directly periodic deviation, argues in general an anomaly of 
convergence. 


This comparison is of the utmost importance and should never be neglected in 
the routine examination of a case of motor anomaly. 


2. Convergence near-point.—This is determined by carrying a fine 
object up to the eyes and urging the patient to converge on it 
as much as possible. The normal convergence near-point 
should not be over 5.5 cm. from the eyes except in presbyo- 
pia when it may be 8 or even 9cem. A near point, persistently 
remoter than this, means a convergence-insufficiency or an 
actual divergent squint. 


In certain cases of divergent squint in which the patient can never actually con- 
verge the eyes so as to secure binocular fixation, he will yet make the effort to converge 
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and may do so down to a comparatively near point, the eyes visibly, coming together, 
although not perfectly, until the object is brought to perhaps four or five inches from 
the eyes, when the latter suddenly give up the effort and diverge widely. The patient 
is then said to have a relative though not an 
absolute near point of convergence. 

It is best to measure the near point of 
convergence (C, Fig. 346) from the line oo 
connecting the centers of rotation of the two 
eyes, i. e., measure the distance CM. This 
is done by measuring the distance of C from 
a plane (spectacle frame) placed 11.5 mm. in 
front of the eyes. Ifwe add 25 mm. to this 

Heese Sh measurement we shall have the distance CM. 
Using the abbreviation Pc (Maddox) to denote the near point of convergence, PcB may 
be used to indicate the distance of Pc from the base line. 

We may wish to determine the actual angle that the visual axes, OC make in con- 
verging on an object C, whether that is at the near point of convergence ornot. This 
is readily ascertained. If we determine by the method given on page 76 the distance 
00, between the centers of rotation of the two eyes, and measure CM by the method 
given above, then for all distances of C from 5 to 22 cm, the relation 

00 X 50 


CO 5 
CM 


will hold good (00 and CM being measured in mm.), Thus if we find oo to be 60 mm. 
60 < 50 
120 
W1, by which each eye is converging, i. e., double the convergence-adduction of that 

eye (see page 722). 


and CM =120 mm., then oCo= +3=28°. This is evidently double the angle 


3. Prism-convergence is determined by placing before the eyes suc- 
cessively stronger prisms, base out, until the patient can no 
longer unite the double images. 


It is usually determined for distance only, although it may also be determined 
for near points, especially when we are trying to ascertain the effect of prism exercise 
in relieving an exophoria. : 

The prism convergence can usually be run up to 50A by practice. In the first 
trials the results vary greatly and the variations are evidently not due to any real varia- 
tions in the muscular power. Hence the test is of significance only when on repeated 
trials the patient can not be made to overcome more than 12 or at most 15A 
and when even that small degree of convergence is made with effort and maintained 
with difficulty. In such cases the convergence near-point pretty nearly always will be 
found to be remote, 


4. Ability to overcome crossed diplopia, however caused, or ability 
to maintain fusion with the amblyoscope when the tubes are 
converged. 

C. Tests of Divergence-—These comprise: 

1. Comparison of the deviation found for distance and for near 

points. A deviation, which, as determined by the screen, par- 


as 


2. ; i 
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allax, or phorometer, is essentially greater for distance than 
for near, i. e., one which is inversely periodic, argues a diver- 
gence anomaly or possibly an anomaly of the external recti. 
2. Prism-divergence is the ability to overeome prisms, base in, while 
looking at a distant object. This ability, which varies be- 
tween 3 and 8 (usually between 4 and 7) A is a quantity, 
usually constant on repeated trials and seems to be a true 
measure of the diverging power. It is an important test. 
3 Ability to overcome homonymous diplopia, however caused, or 
ability to maintain fusion with the amblyoscope when the tubes 
are diverged. 


678. How the Tests are made in Practice.— Usually not all the tests 
need be made, some being reserved for cases of special complexity. The fol- 
lowing very complete routine suffices for all but the most unusual cases. 

A. We first determine the relations for distance by placing the test 
object far off,—if possible, twenty feet or more,—from the eyes and then 
measuring the amount of deviation, vertical and lateral, by 

(1) The screen and (2) the parallax simultaneously. By the screen 
we also determine whether the deviation is a squint (monocu- 
lar or alternating) or a heterophoria (see page 768). 

(3) The Maddox rod, or (4) the phorometer. 

B. We measure the deviation for near points (with the test object held 

at about 25 cm.) by 
(5) the screen and (6) the parallax simultaneously and may sup- 
plement this with (7) the phorometer, though this is rarely 
necessary. In making the screen test, we ascertain by it 
whether the deviation is a squint or a heterophoria. 
C. We determine: 
(8) The convergence near-point. 
(9) The prism-divergence (best done just after test 4). 
(10) The prism-convergence (may be omitted if 8 is normal). 
(11) The excursion test. 
(12) The field of binocular single vision. 
13) The comitance test, supplemented if necessary by (14) the 
screen deviation in the six cardinal directions of the gaze. 


679. What the Tests Show in Normal Cases.—The eye muscles may 
be regarded as normal if 

(a) The screen test shows that there is no squint, and the other tests 
enumerated under A and B show that there is only a minimal amount of 
heterophoria (less than 2A of esophoria or exophoria and less than 4A of 
hyperphoria) for distance and 0-34 of exophoria for near. 
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(b) The convergence near-point is less than 7 cm. from the base line 
connecting the centers of the two eyes. 

(c) Prism-divergence is not less than 4A and not over 8A. 

(d) Prism-convergence after a few trials can be run up to 154 or 204 
or more. 

(e) The excursions of the eyes are normal in extent (see page 774) and 
comitant and the field of binocular single vision is normal—i. e., the patient 
having a red glass before one eye and following a light that is carried in all 
directions sees everywhere a single parti-colored light, each eye moves 
equally with its fellow without lagging, and there is no noticeable screen 
deviation anywhere. 


In certain cases the diplopia tests (parallax, Maddox rod, phorometer) do not 
agree with the screen test, so that we have, for example, a well-marked divergent squint 
with an homonymous diplopia, etc. This is due to a peculiar kind of false projection, 
acquired usually in very early life. It sometimes causes a troublesome anomalous 
diplopia which develops after a squint operation (see page 764). 


If there is suppression of the image in one eye, such as regularly takes 
place in long-established squint (see page 763), all the tests for binocular 
vision (parallax, phorometer, red glass, stereoscope, amblyoscope) will fail. 
Per contra, the failure of these tests in any case argues the existence of 
suppression. In this event we must fall back on the screen test, and the 
determination of the field of monocular and binocular fixation and of the 
convergence near-point. 

680. Etiological Classification of Deviations.—A deviation of the eyes 
may be caused by— 

A. An anomaly of structure, insertion, or innervation of one or more 
of the ocular muscles (muscular paralysis and spasm, using these terms in 
their widest sense). 

B. Anomalies of the co-ordinate movements of the eyes (the muscles per 
se being normal). These include: 

1. Anomalies of convergence and divergence, either in the sense of excess 
or insufficiency. 


2. Anomalies of parallel movements comprising conjugate paralysis and 
spasm (see page 796) and nystagmus (see page 798). 

681. Differential Diagnosis of Deviations.—The diagnosis of a paral- 
ysis or insufficiency of the individual muscles is made from the principles 
laid down in pages 743 et seq. The tests used are the sereen test (primary 
and secondary deviations), and the determination of the field of binocular 
fixation and of binocular single vision; sometimes also the field of monocular 
fixation (see page 774). 

These deviations may vary all the way from a very slight insufficiency 


to most pronounced paralysis. Their characteristic feature is that the devi- 
ation is non-comitant. 


> “he 
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The diagnosis of a divergence or convergence anomaly is based on the 
following considerations: 

When we look to the right we converge or diverge our eyes with the 
same facility as when we look to the left, and with nearly the same facility 
as when we look straight ahead. The deviation produced by a convergence 
or divergence anomaly, therefore, will remain about the same, no matter 
how the eyes are turned, provided that the object of fixation is kept atethe 
same distance from the eyes. But since generally we use our convergence 
strongly when looking at near objects and do not use it when looking at 
distance, the effect of a convergence anomaly in producing deviations will 
be much greater in near than in distant vision. The opposite will be the 
case with a divergence anomaly. Convergence and divergence anomalies 


then are comitant in that the deviation changes but little as the eyes are _ 


carried to the right or left, and are periodic in that the deviation due to a 
convergence anomaly increases and that due to a divergence anomaly 
decreases, as the object of fixation approaches the eyes. 

Nearly all cases of periodic comitant heterophoria and squint are pro- 
duced by an anomaly of convergence or divergence. Nearly all cases of 
continuous comitant squint are produced ‘by an anomaly of convergence 
combined with one of divergence. 

Convergence-excess will produce an active, and divergence-insuffi- 
ciency a passive, convergence of the visual lines (esophoria or esotropia). 
Convergence-insufficiency and divergence-excess will produce exophoria and 
exotropia. Ordinary comitant convergent squint (esotropia) is due to a 
convergence-excess combined with a divergence-insufficiency, and ordinary 
divergent squint (exotropia) to divergence-excess combined with converg- 
ence-insufficiency. 

682. Esophoria and Convergent Squint.—The varieties of esophoria 
and convergent squint are: 

A. Non-comitant (Paretic ) Esophoria.—The characteristic mark is that 
the esophoria increases progressively as the eyes are carried either to th 
right or to the left. It is due to insufficiency of an abductor (externus or an 
oblique) or over-action of an adductor (internus, or superior or inferior rec- 
tus). May also be due to insufficiency of an adductor, if combined with a 
comitant esophoria (see below) great enough to overcome the exophoria 
due to the insufficiency. Thus an esophoria increasing to the right may be 
caused by insufficiency of the right internus (which would produce an exo- 
phoria diminishing to the right) combined with an esophoria of constant 
amount due to a convergence-excess. 

In any case an esophoria which increases to the right must be due to 
insufficiency of some muscle of the right eye (or over-action of some muscle 
of the left). If it increases fast to the right, it must be due to insufficiency 
of the right externus. (See page 750 Note.) 
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B. Comitant Esophoria.—The varieties of comitant esophoria and con- 
vergent squint and the characters by which they are distinguished are as 
follows: 


Periodic Deviations. Continuous Deviations. 
Convergence- Divergence- || Convergence-excess with divergence 
excess. insufficiency. insufficiency. 

For distance all tests | Orthophoria or Esophoria marked. | Very marked esophoria or a marked 
(screen, parallax, slight, esophoria. convergent squint at all ranges 
Maddox rod, phorom- || (somewhat greater for near than 
eter) show || for distance if the convergence-ex- 

cess was the primary condition, 

For near all tests show | Esophoria marked| Esophoria slight | and greater for distance than for 

(muchmorethan or none (decid- || near. if the divergence-insuffiiciency 
for distance). edly less than was the primary condition). 
for distance). 

Convergence near- | Normal (or abnor-| Normal. Normal or excessively close. 
point. mally close). | 

Prism-convergence (ad- | Normal. Normal. If it can be elicited (ie., if there is 
duction). no suppression), normal or super- 

normal. 
} 

Prism-divergence (ab- | Normal. Low (less than 24-|} Low. Usually (in case of squint, al- 

duction). 34) or negative ways) negative (Le., there is ho- 
(i.e., insuperable monymous diplopia at all ranges, 
homonymous so that no prism, base‘in, is over- 
diplopia for dis- come, or there is monocular vision 
tance). with suppression). 

Primary and secondary | In all types deviation of one eye behind the screen, measured with prisms, 
screen deyiation equals precisely that of the other eye (distinction from non-comitant 

esophoria). 


Field of monocular and | In all types excursions of each eye normal in all directions. Neither eye 
binocular fixation. lags behind the other in making lateral, vertical, or oblique movements 
(distinction from non-comitant esophoria). Screen deviation comitant. 


Field of binocular single | Homonymous diplopia if present, not increasing (if anything, diminishing) 
vision. as eyes are carried to right and left (distinction from non-comitant eso- 
phoria). Increases somewhat in looking down, diminishes in looking up. 


- Convergence-excess is usually accommodative, i. e., the patient in trying 
to see well forces his accommodation and hence also forces his convergence. 
This happens (a) when he is trying to overcome a hyperopia or astigmatism; 
(b) when he is trying to see with the aid of an accommodation which has 
been reduced below normal by debilitating disease or by the instillation of 
homatropine or atropine; (c) when vision is rendered difficult by opacities 
in the media, reduced illumination, ete. Convergence-excess, sometimes 
permanent, may also be set up by the use of prisms, base out. As a 
secondary affection, convergence-excess occurs in consequence of a diverg- 
ence-insufficiency which has lasted a long time. 

Donders was the first to point out the relation between hyperopia and the converg- 
ence-excess that leads to the ordinary type of esotropia. He explained this relation 
in the following way: Hypermetropes have to make an unusually strong effort of 
accommodation to see distinctly ;.but as this effort, on account of the connection between 
accommodation and convergence, is possible only when combined with a strong impulse 
toward convergence, the latter function acquires a preponderance and a latent converg- 


ence (esophoria) develops. From this in turn a squint develops, if there are additional 
factors present that act to reduce the visual power of one eye (see page 788). 


- 
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In what way accommodative effort leads to convergencée-excess and squint is very 
beautifully demonstrated by the following experiment likewise propounded by Donders: 
We cause a man who has perfect muscular equilibrium of the eyes to fixate a near 
object. If, now, we cover one eye, it remains fixed in the correct position behind the 
screen. But if we place a concave glass before the uncovered eye, so that the person 
under examination has to accommodate quite strongly in order to see the object dis- 
tinetly, the covered eye at once turns inward—i.e., an artificial convergent strabis- 
mus is thus produced owing to the increased effort of accommodation. 

The rare non-accommodative convergence-excess niay be due to hysteria or to some 
of the irritative conditions producing spasm in general (see page 759). But often the 
cause remains unknown. Both accommodative and non-accommodative convergence- 
excess may appear under the guise of a tonic, perhaps suddenly developing and suddenly 
varying convergence-spasm. Extreme cases of this sort are produced mainly by hysteria. 
In these at every attempt to perform fixation of an object, either far or near, both eyes 
at once assume a position of extreme convergence, the pupils at the same time being 
greatly contracted, and the accommodation thrown into a State of spasm. In other 
eases, the spasm occurs only at times and principally in fixing on a near object, especially 
one on which the patient is directed to converge as it is brought closer and closer to hiseyes. 

Divergence-insufficiency is usually secondary to a progressive converg- 
ence-excess (see page 782) although it may be primary. The most marked 
instance of the latter is the rather rare divergence-paralysis. This is char- 
acterized by homonymous diplopia and a convergent squint which, great 
in amount for distance, diminish steadily as the object of fixation issbrought 
toward the eyes, until at some comparatively near point there is single vis- 
ion with orthophoria. Contrary to what takes place in a paralysis of the 
abducens, which this condition superficially resembles, the squint and the 
diplopia diminish or remain the same as the eyes are carried to the right 
and left, and the excursions of both eyes are of normal extent. The con- 
dition usually develops suddenly and is often due to organic brain disease. 

683. An esophoria may disappear if the conditions causing i are abol- 
ished or off-set. Thus an accommodative convergence-excess usually dis- 
appears if the causal hyperopia and astigmatism are corrected early enough; 
and it disappears in presbyopes who no longer accommodate excessively 
because they can not. Again, in some cases a convergent squint disappears 
in youth, because in the growth of the face the orbits get more divergent 
so that the interni work with more difficulty than before (Weiss). 

In other cases an esophoria increases. This is seen in the development 
of a convergent squint, which usually begins as an accommodative converg- 
ence-excess. The steps in this development are as follows: 

(1) Achild with a good deal of hyperopia or astigmatism, as soon as 
he begins to use the eyes much for near work, develops a varying, evidently 
more or less spasmodic esophoria, (convergence-spasm see supra) which is 
marked for near when his convergence is called into play, but which is 
little or not at all marked for distance. . 

(2) Little by little the deviation increases until binocular fixation for 
near becomes impossible, and the periodic esophoria is transformed into a 


782 TEXT-BOOK OF OPHTHALMOLOGY 


periodic convergent squint. This at first is intermittent and occasional, after- 
wards more and more constant. There is now more or less esophoria for 
distance also, although always less than for near, and there is still binocu- 
lar fixation for distance. 

Careful tests at this stage will show in nearly every case that the squint 
is associated with diplopia. . 

(3) After this condition has lasted for a long time, perhaps for some 
years, the patient gives up binocular fixation for distance, so that he now 
has a convergent squint for both distance and near (continuous squint). 
The deviation as measured by the screen, however, is still much more 
marked for near than for distance. Diplopia can still usually be elicited 
by the tests. The condition is still mainly one of convergence-excess. 

(4) Later still, the amount of deviation for distance begins to increase 
until ultimately the squint for distance equals that for near points, and 
both are absolutely greater than they were. This change is due to the 
superadding of a divergence-insufficiency to the primitive convergence- 
excess; the conditions now, in fact, are those shown in the table as obtain- 
ing for a convergence-excess and divergence-insufficiency combined. The rota- 
tions of the eyes are still normal in amount, indicating that the muscles 
themselves are as yet unaffected. 

At this stage, diplopia, if it can be elicited at all, no longer obtrudes 
itself upon the patient’s notice nor causes confusion. In many cases it can- 
not be elicited by any tests, suppression of one of the images having occurred 
(see page 763). 

(5) Later, secondary muscular changes (contracture of the internus, 
stretching and weakening of the externus) take place in the squinting eye, 
producing an absolute reduction in the rotation outward and excess of 
rotation inward. 

In some cases it seems that a convergent squint may develop from a 
divergence-insufficiency. The steps in this ease are, first, an increase of the 
esophoria for distance, then the superadding of a convergence-excess pro- 
ducing an esophoria for near. The result is, first a periodic convergent 
squint (esotropia for distance, esophoria with binocular fixation for near); 
later a continuous squint for allranges. Until late in their course such cases 
are distinguished from those starting with a primitive convergence-excess 
by the fact that the deviation for distance always exceeds that for near 

684. Exophoria and Divergent Squint.—The varieties of exophoria 
and divergent squint are: 

A. Non-comitant (Paretic) Exophoria—The characteristic mark is that 
the exophoria increases progressively as the eyes are carried either to the 
right or to the left It is due to insufficiency of an adductor (internus or supe- 
rior or inferior rectus) or over-action of an abductor (externus or an oblique). 
May also be due to insufficiency of an abductor if combined with a comitant 
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exophoria (see below) great enough to overcome the esophoria due to the 
insufficiency. Thus an exophoria increasing to the right may be caused 
by insufficiency of the left externus (which would produce an esophoria 
diminishing to the right) combined with an exophoria of constant amount 
due to a convergence-insufficiency. 

In any case, an exophoria which increases to the right must be due to 
insufficiency of some muscle of the left eye (or over-action of some muscle 
of the right). If it increases fast to the right it must be due to insufficiency 
of the left internus. (See page 750 Note.) 

B. Comatant Exophoria.—The varieties of comitant exophoria and diverg- 
ent squint and the characters by which they are distinguished are as follows: 


Periodic Deviations. Continuous Deviations. 


Convergence- | Divergence- | Convergence-insufficiency with 
insufficiency. excess. | divergence-excess. 

For distance all tests| Orthophoria or |Exophoria marked.|| Marked exophoria or marked diver- 
(sereen, parallax, slight exophoria. gent squint at all ranges (somewhat 
Maddox rod, phorom- greater for near than for distance 
eter) show || af the convergence-insufficiency was 

the primary condition, and greater 

For near all tests show Exophoria very | Exophoria decid- |! for distance than for near if the 

marked (much edly less than || divergence-excess was the primary 
more than for for distance. | condition). 
distance). || 
Convergence near-| Remote (more | Normal. Remote. In case of actual squint, 
point. | than 9 cm. from none (patient may try to converge 
base line con- || but cannot secure binocular fixa- 
| necting centers || tion at any distance). 
of eyes. || 
Prism-convergence (ad- | Low and accom- | Normal. Low. In case of actual squint nega- 
duction). plished only tive (i.e., there is either crossed 
with effort and | diplopia at all ranges so that no 
difficulty. | prism is overcome, or there is mo- 
|| nocular vision with suppression). 
| 

Prism-divergence (ab- Normal. Abnormally great || If it can be elicited (i.e., if there is no 
duction). (over 9A). suppression) it is much greater than 

normal. 


Primary and secondary | In all types deviation of one eye behind the screen, equals precisely that of 
screen deviation. the other eye (distinction from non-comitant exophoria) 


Field of binocular fixa- | In all types excursions of each eye normal in all directions. Neither eye 
tion. lags behind the other in making lateral, vertical, or oblique movements 
(distinction from non-comitant exophoria). Screen deviation comitant. 


Field of binocular single | Crossed diplopia not increasing as eyes are carried to right and left (distinc- 
vision. tion from non-comitant exophoria). Increases somewhat in looking up, 


diminishes in looking down. 


Convergence-insufficiency is often accommodative, that is, it occurs in 
those who do not require to use their accommodation in the normal way. 
The accommodation and convergence being intimately associated, the dis- 
use of one means the disuse of the other. A myope, for example, to see 
objects near by, needs to use either little or no accommodation; conse- 
quently with him the impulse to convergence is too weak. This disuse of 
the convergence often shows itself at first simply by the presence of a large 
amount of exophoria for near without any recession of the convergence near- 
point, but later it develops into a true convergence-insufficiency. 
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Accommodative convergence-insufficiency occurs in myopes who are 
not using concave glasses, and may also occur (from sudden relaxation of 
the accommodation) in hyperopes and presbyopes when putting on convex 
glasses for the first time. A somewhat similar relaxation of the convergence 
is found in those who for any reason (presbyopia, marked hyperopia, aniso- 
metropia, etc.) can not see well for near; and in this case the convergence- 
insufficiency may be relieved by convex glasses. 

The relation between myopia and the form of accommodative convergence-insuf- 
ficiency that leads to many of the ordinary cases of divergent squint was first pointed 
out by Donders. 

A non-accommodative convergence-insufficiency,—i.e., one which de- 
velops without any reference to a refractive error,—occurs quite often in 
hysteria, traumatic neuroses, neurasthenia, anemia, and debilitated condi- 
tions, however caused; also in connection with intra-nasal disease, and not 
infrequently seems to occur in those who are apparently healthy. It is also 
often secondary to a divergence-excess (see page 785 ). 

An extreme variety of convergence-insufficiency is convergence-paral- 
ysts. This is characterized by a crossed diplopia and a divergent squint 
which increase progressively as the object of fixation is carried toward the 
eyes. The deviation and the diplopia do not increase either to the right or 
to the left. Movements of each eye outward and inward are normal. The 
convergence reaction of the pupil is absent. Convergence-paralysis occurs 
in tabes, multiple sclerosis, and other central nervous diseases, either 
organic or functional. It may be associated with paralysis of aecommoda- 
tion (§ 797). 

Divergence-excess is common as a primary condition. It also occurs as 
a regular secondary effect of a progressive convergence-insufficiency (see 
below). 

685. A convergence-insufficiency, especially if due to temporary causes, 
may disappear; or it may increase by the superadding of a divergence- 
excess. A divergence-excess often remains stationary for a number of years, 
but it may also increase by the superadding of a convergence-insufficiency. 

These combined forms (convergence-insufficiency with divergence- 
excess) constitute the ordinary continuous divergent squint. This develops 
most often from a convergence-insufficiency, the steps of development being 
as follows: 

(1) Marked exophoria for near with at first a normal near point of con- 
vergence; orthophoria for distance and normal diverging power (periodic 
exophoria). 

(2) Beginning divergent squint for near with recession of the converg- 
ence near-point; beginning exophoria for distance with increase in the 
prism-divergence (periodic divergent squint). This squint, at first intermit- 
tent, is afterwards constant. 
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(3) Marked increase of the exophoria for distance with gradual trans- 
formation into squint (consecutive divergence-excess) converting a periodic 
into a continuous squint. 

(4) Muscular changes (contracture of the externus, stretching and 
weakening of the internus) producing absolute impairment of rotation 
inward and excess of rotation outward. 

A divergent squint also quite often develops from a divergence-excess; 
the steps in the development being as follows: 

(1) Marked exophoria for distance with excessive prism-divergence; 
exophoria for near, little or none, and near point of convergence normal 
(periodic exophoria). 

(2) Beginning divergent squint for distance with crossed diplopia and 
still further increase in the prism-divergence; beginning exophoria for near, 
but with convergence near-point still normal (periodic divergent squint). 
This squint is at first intermittent, afterwards constant. 

(3) Marked increase of the exophoria for near and gradual recession 
of the convergence near-point (consecutive convergence-insufficiency), pro- 
ducing a squint for near, which, however, is less than for distance). 

(4) Marked divergent squint which is of about the same amount for 
both distance and near (conversion of the periodic into a continuous squint by 
the superadding of a convergence-insufficiency to the primitive divergence- 
excess). Diplopia still often present, but now usually but little noticed 
by the patient. The rotations of the eye inward and outward are still 
about normal. 

(5) Muscular changes (weakening of the imterni; contracture of the 
externi) causing impairment of rotation inwards and excess of rotation 
outwards. 

686. How Squint Develops.—As seen from § 683 and § 685 a converg- 
ent squint usually develops out of a simple convergence-excess to which is 
added a divergence-insufficiency; and a divergent squint develops out of a 
simple convergence-insufficiency to which is added a divergence-excess or 
out of a divergence-excess to which is added a convergence-insufficiency. 

The processes by which these changes take place are not located in the muscles 
themselves, for until very late in the development of most cases of squint the rotations 
of the eyes are normal, indicating that the power of the muscles per se isneitherimpaired 
nor excessive. The changes that take place are doubtless central, following, as Hoff- 

“mann pointed out, the law promulgated by Sherrington, that excessive stimulation of 
the center for one movement produces inhibition of the center for the opposing move- 
ment, and vice versa. In other words, in cases of convergence-excess the center for 
convergent movement, being subjected to continuous over-stimulation, becomes more 
and more active, producing a continually greater excess of convergence action and at 
the same time causing greater and greater inhibition of the center for the divergent 
movements. The consequence is that, superadded to the convergence excess, we have 
ultimately a progressive divergence-insufficiency. It is only late in the course of the 
condition that the persistent stimulation of the internus, coupled with the maintenance 
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of one eye in the forced inward position, produces hypertrophy or contracture of this 
muscle and stretching or atrophy of its opponents. 


A moderate proportion of cases of squint do, however, develop out of a 
true muscular defect. Thus, some cases of convergent squint, both in child- 
hood and in adult life, develop out of a primitive paralysis of the abducens 
which has been converted into a comitant deviation by consecutive over- 
action and contracture of the internus (see page 742). Still more frequently 
it happens that a vertical deviation due to congenital insufficiency of the 
superior rectus (less often of other muscles) is the starting point of a con- 
vergent or divergent strabismus (see pages 757 and 788 ). Furthermore, a 
convergent squint due to a convergence-excess may be aggravated by the 
presence of a primitive weakness of the externi or over-development of 
the interni. Again, a divergent squint may be produced by developmental 
changes in the orbit causing a relative preponderance of the externi (see page 
781), orby weakness of the internus due tooperation. Suchfactors, however, 
play a subordinate part m the production of squint. 

Age at which Squint Develops——Some cases of squint are congenital or 
at least develop in the first months of life. These however, are in nearly all 
instances due to congenital weakness or absence of one or more of the mus- 
cles and therefore come under the head of paralytic squint, to which there- 
fore reference should be made (see page 736). Ordinary convergent strabis- 
mus develops, as a rule, at the age—i. e., between one and four—when the 
attempt at accurate and long-maintained fixation begins and thus puts a 
greater strain on the accommodation. This is true not only of the ordinary 
type of accommodative squint, but also of the lateral squint that develops 
as the result of a congenital vertical deviation (pages 757 and 788). At 
first usually the strabismus is noticed only when near objects are looked 
at (periodic squint). This may remain so during life, but generally a con- 
stant strabismus develops from the periodic one, the patient soon getting 
to squint also when he looks at distant objects. Even then the squint at 
first is usually greater in the fixation of near objects, in accordance with 
the greater accommodative effort required for this purpose; but later on 
the strabismic deviation becomes continuous. (See page 782). 

Exceptionally it happens that as they grow up children with converg- 
ent strabismus gradually cease squinting about puberty. They ‘outgrow’ 
their squint. But the eye that previously deviated is left with its sight 
permanently weakened, and accurate binocular vision is not usually restored. 

Unlike convergent squint, divergent strabismus does not usuallv 
develop in very early life but later on in childhood, or in youth. This is 
naturally the case with the accommodative divergent squint due to 
myopia, since myopia itself does not begin in early, but in late childhood; 
but it is hkewise true of the many cases of divergent squint due to non- 
accommodative conditions (non-accommodative convergence-insufficiency, 
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divergence-excess). In myopes as the myopia increases, the work imposed 
on the accommodation and consequently the impulse for convergence 
steadily decrease, while the demands made upon the convergence increase 
in proportion, owing to the approximation of the near point. This state 
of things must ultimately lead to a point where the convergence is no 
longer able to answer the demands made upon it. The convergence first 
becomes incompetent in the fixation of near objects, for which a stronger 
effort is required, and thus one of the eyes deviates out. Many myopes 
remain all their life in this condition of periodic strabismus; in others a 
constant strabismus develops from this condition, one eye getting to 
deviate out in looking at distant points as well. Quite a similar statement. 
obtains for the progress of non-accommodative divergent squint (see 
page 785). 

A spontaneous cure, such as is sometimes observed in inward squint, 
never occurs in divergent strabismus; on the contrary, it tends to increase 
with age. 

Contrary to the rule that short-sighted persons squint outward, strabismus con- 
vergens is sometimes found conjoined with high myopia. This is distinguished from 
ordinary strabismus convyergens by the fact that it does not develop in childhood, but 
in the later years of life, and is often associated with troublesome diplopia. At the 
same time it is quite possible that the but slightly mobile eye should be unable to con- 
verge for a far point so near as such eyes possess, and in this case there is also a relative 
divergent squint present when reading is performed without glasses. 

687. Why Squint Develops.—It seems quite certain that in their 
inception the different periodic deviations (convergence-excess, convergence- 
insufficiency, divergence-excess, divergence-insufficiency) are accompanied by 
diplopia. 

Now the more nearly continuous (non-periodic) a deviation is the 
easier it is for the patient to ignore the diplopia to which it gives rise, and 
the less pronounced, consequently, are the subjective disturbances which 
are dependent on this diplopia. 

Again, a large deviation generally causes much less subjective trouble 
than does a small one: First, because the image projected by the deviating 
eye is so faint and so far from the other that the patient can readily ignore 
it;second, because the deviation being so large that the patient can not 
possibly overcome it, he does not even make the attempt to do so, and 
thus escapes the reflex disturbance that such an attempt often produces. 
Accordingly, it is for the patient’s interest that if he has a periodic deviation 
it shall be transformed into one that is as nearly continuous as possible; and, 
second, that if it is small it shall increase in amount until the diplopia 1s 
readily negligible. 

As we have seen above (pages 782 and 784) both kinds of change 
occur regularly in the conversion of a heterophoria into a convergent or 
a divergent squint, and the squint itself, therefore, is to be regarded as 
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the final outcome of a series of instinctive endeavors that the patient makes 
to avoid diplopia and confusing images. 

688. Conditions Favoring the Development of Squint—The develop- 
ment of a squint out of a heterophoria is much more apt to occur if there 
is any condition such as anisometropia, opacities of the media, fundus 
disease, congenital anomalies, etc., that renders the sight of one eye much 
worse than that of the other. In such a case the image of the worse eye often 
confuses that of its fellow instead of reinforcing it, and hence the patient 
really sees better when he allows the worse eye to deviate. In many cases 
it is apparent that he actually forces it to deviate so as to get the disturbing 
image out of the way. This is particularly the case in divergent squint. 

There is still another way in which the presence of unilateral visual 
defects may effect the development of squint. In the ordinary convergent 
squint of childhood developing as the result of hyperopia, the hyperope 
is placed in the following dilemma: If he wishes to see distinctly, he has 
to make too strong an effort of accommodation; but he can do this only by 
putting forth an excessive convergence, so that he sees double. But if he 
converges only so much as is necessary, he cannot bring the proper amount 
of accommodation into play, and hence sees indistinctly. He is, therefore, 
given the choice of seeing distinctly and double, or of seeing single and 
indistinctly. He prefers the former alternative whenever from the fact 
that the image in one of the eyes has grown indistinct, diplopia is made less 
disagreeable to him. A similar explanation may hold for the development 
of divergent strabismus. 

Both explanations are quite certainly true, the second holding par- 
ticularly when the amblyopia in one eye is extreme or when as in the case 
of blind eyes it is absolute. Blind eyes, in fact very frequently squint 
(usually outward). 

Another condition that favors the development of a lateral squint is 
the presence of a congenital vertical deviation (especially a congenital 
paralysis of the superior rectus). The patient in this case, being unable 
to fuse the double images on account of their difference in level, tries to 
obviate the confusion they produce either by tilting the head (page 741) 
or by separating the images laterally as far as possible. This he does by 
diverging or converging the eyes. 

That this is the cause of the lateral squint in these cases is proved by the fact 
that in some of them, particularly before the lateral deviation has become inveterate, 
the latter disappears when the vertical deviation is relieved by an operation on one of 
the elevators or depressors, 

A factor which by many is regarded as the predominating element in 
the production of squint is the lack of development of the fusion-faculty 
(Werth). The effect of this would be that the patient would have no 
tendency to blend the two retinal images, and hence would have no special 
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motive for maintaining binocular fixation. Consequently, if there was a 
deviation of the eye, he would not try to overcome it, but would allow one 
of them to squint.*® 

689. Squint a Bilateral Affection—In squint the patient appears 
simply to fix with one eye and to turn the other inwards or outwards. In 
reality, however, both eyes are turned. Thus, as shown in Fig. 347 when 
a patient with convergent squint is told to look at the object A, both eyes 
tend to converge equally, so that they really look at some nearer point, 


_ like B; then, in order to get the image of A on the fovea of at least one 


eye, the patient turns both eyes to one side—say.to the right—through 
the equal angles BRA and BLD. The right eye, R, is now directed towards 
A or fixes it, the left eye squints in by the angle ALD= 2X BLA. Thus, 
here really the squint is bilateral, each eye actually turning in by an equal 
amount, yet apparently the left eye alone squints, because the patient 
happens to use the right for fixation. 

A 


B 


/ 


(Fic. 347.—BivarHraL Nature or Squint. (After Posey and Spiller.)—D.] 


Which eye the patient actually uses to fix with depends usually upon 
the vision. If he sees much better with one eye than with the other he 
will fix with the better and squint with the worse eye; the squint will then 
be unilateral. If the two eyes are about alike in vision and refracting 
power, we often find an alternating squint, the patient using either eye 
indifferently for fixation and squinting with the other. In some cases, 
particularly in anisometropia, the patient may fix with one eye for distance 
and with the other for near (see page 762). 

690. Hyperphoria and Vertical Squint—Hyperphoria in a great many 
instances is caused by paresis, or at least insufficiency of one of the elevator 
or depressor muscles of the eye. In this case the deviation and its evidences 


25 It has seemed to the translator that the lack of ability to perform fusion in these cases is not 
so much the cause of the squint as the result of it. 
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(vertical diplopia, etc.) increase and decrease characteristically in looking 
in some particular direction of the gaze (see page 743). Hyperphoria of 
high degree and real vertical squint (hypertropia and hypotropia) are 
almost always of this origin, being, therefore, non-comitant deviations. 

In some cases, even when thus originating, a hyperphoria or vertical 
squint may become nearly comitant by virtue of consecutive contracture 
of the opponents of the paretic muscles (see page 742). 

In a few instances with very high degree of hyperphoria a true vertical 
squint may be truly comitant from the start—i. e., we can find no evidence 
of insufficiency of any elevator or depressor muscle. Hyperphorias of low 
degree are usually comitant. 

Some cases of hyperphoria seem to be spasmodic in origin, changing 
rapidly and lasting only a short time. Sometimes a spasmodic hyperphoria 
of this sort seems to be due in some way to accommodative action, since 
it disappears apparently as the result of the correction of a refractive error. 
In most cases hyperphoria once developed lasts indefinitely. It does not, 
as a rule, tend to increase, except in the form due to marked paralysis of 
an elevator or depressor where the deviation is often exaggerated as time 
goes on, either by secondary contracture of the opposing muscles or, because 
the paretic eye fixes and the sound eye hence deviates excessively (see 
page 745). 

691. Symptoms of Heterophoria and Squint.—These are— 

1. Manifest deviation of the eyes. 

2. Diplopia. This, especially when slight so that the double images 
are close enough together to confuse each other, produces blurring of sight 
and sometimes vertigo. 

3. The attempt to avoid diplopia may produce a peculiar attitude of 
the head (page 741). This may even result in false torticollis. 

4. Amblyopia from disuse of the deviating eye (see page 763). 

5. Reflex.Symptoms Induced by the Effort made to Correct the Devia- 
tion.—These are asthenopia (asthenopia muscularis), pain in the eyes, con- 
junctival irritation, headache, which may be supra-orbital, orbital, tem- 
poral, or occipital, and other pains situated in various parts of the body. 
Occasionally, also, we find spasm of the facial muscles, and sometimes other 
forms of spasm; not infrequently also digestive disturbances, nausea, and 
interference with the general nutrition. 

These symptoms, and especially the asthenopia, are the result of the strain imposed 
on the exterior muscles in the attempt to eorreet the deviation. If the patient does 
not correct the deviation, he sees double, and objects look confused; if he does correct 


it, the muscles after a time get tired from the continuous effort. Not infrequently there 
is an alternation between distinct vision with a sense of strain, and diplopia or confused 


vision when the strain is relaxed. 
Reflex symptoms are especially pronounced when the deviation is so 
slight that the patient can overcome it, and consequently does so, although 
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with effort. They are particularly marked when the deviation is inconstant 
and varies under different conditions, because in this case the patient can 
not as readily allow for the changing position of the eyes as he can when the 
deviation is the same all the time. Consequently, reflex disturbances are 
greater in heterophoria than they are in squint and greater in a periodic 
squint than they are in one which is continuous. Indeed, as we have seen, 
this very fact seems to constitute the reason why a periodic is regularly 
converted into a continuous squint. 

The most marked and disagreeable symptoms are found in hyper- 
_ phoria and in divergence-insufficiency. In these conditions the symptoms 
are usually most troublesome in distant vision. 

In convergence-insufficiency the commonest symptoms are asthenopia, 
headache, and conjunctival irritation, and these are developed generally 
by near work. They are much more likely to occur in the non-accommoda- 
tive form of convergence-insufficiency. 

A characteristic feature of the symptoms due to a muscular trouble 
is that they disappear if one eye is closed. 

692. Treatment of Heterophoria and Squint.—1l. Correction of the 
refraction is a very important element in the treatment of all of these 
anomalies and may alone suffice to effect a cure, particularly when. the 
deviation is still of the periodic type. It is of special importance and 
efficacy in convergence-excess, particularly convergence-excess which is 
developing into squint. Here it is necessary to correct the whole of the 
hyperopia?® and astigmatism present as found under atropine, and make 
the patient wear the glass all the time. Similarly, in convergence- 
insufficiency accompanying myopia, the patient must wear a glass fully 
correcting his error and wear it for near as well as for distance. 

In cases in which the deviation is no longer periodic—i. e., in which, 
in addition to a convergence anomaly, there is superadded an anomaly of 
divergence,—correction of the refraction is less apt to afford a cure, and 
in the case of a continuous squint rarely does more than diminish the 
amount of the deviation. In any case, the effect of correction of refraction 
is rarely an immediate one; it usually takes some months for the full effect 
of the glasses to be secured. Moreover, if the correction with glasses is to 
do any good, it must be kept up continuously. 


The reason why glasses often effect only a partial cure in continuous squint is 
that they eliminate simply the accommodative element. ‘Thus, in a hyperope with a 
combined convergence-excess and divergence-insufficiency they eliminate the former 
only, so as to convert the deviation from a continuous to a periodic one. Later, to be 
sure, the residual divergence-insufficiency: may diminish and even disappear, since the 
very relief of the strain on the convergence may diminish also the tendency to 
divergence inhibition. 


i 5 y ) tion in s “asses ticularly 
26 A deduction of 0.25 to 0.50 D. may be made from the full correction in some cases, par 
in older i are But, as a rule, the nearer to the full correction we give, the better results we get. 
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The earlier in the course of a muscular trouble, the treatment with 
glasses is initiated, the more likely it is to succeed, especially in cases of 
squint. Hence it is important to start it, if possible, at the very beginning 
of squint. As Worth shows, glasses may be worn even at the age of 1 or 2 
years, and there should be no hesitation in prescribing then the approximate 
correction determined by objective tests (skiascopy). But, though we 
should endeavor to give glasses as early as possible in these cases, it must 
not be forgotten that their application sometimes succeeds when it is 
deferred till youth or even till adult life. 

A fully developed divergent squint is rarely relieved by glasses, because 
here the converging muscles are generally weakened. But in cases of 
beginning divergent squint, especially, in youth and in cases of accommoda- 
tive exophoria the deviation can often be lessened and its progress arrested 
by this means. 

Cases in which the accommodative element is lacking do not yield to 
correction of the refraction. Such are especially cases in which the devia- 
tion is due either directly to a congenital weakness of the muscles or arises 
indirectly from such weakness, as is the case, for example, when a large 
vertical deflection of congenital origin causes an acquired lateral deviation 
to develop later (see page 788). Even in the latter case, there may be an 

‘accommodative element that acts to increase the deviation; and so far as 
the latter is due to this accommodative element it can be relieved by glasses. 

The treatment of heterophoria with glasses is subject to the same rules 
as squint. The more fully the element of a convergence-excess enters into 
the case, the fuller should be the correction of the hyperopia. On the other 
hand, to presbyopes who show a marked convergence-insufficiency we 
should be careful to give as weak a reading addition as they can conveniently 
take, since the stronger the glass and the greater, therefore, the approxima- 
tion of the near work, the more strain there is put on the weak converging 
power. Such patients often complain that their glasses ‘‘draw”’ and are 
too strong, and are much relieved when these are reduced in strength. 

Cases of convergence-excess, especially with low accommodative power, in which 
the amount of esophoria for near is greater than for distance, may be helped by bifocal 
glasses in which the lower segments represent an addition of +2D or +3D to the cor- 
rection for distance. The results from this treatment are said to be good, although the 
translator has not had much success with it. 

693. (2) Exercise of Fixation and Vision in the Squinting Eye—In 
squint, we must try to prevent the squinting eye from habituating itself to 
exclusion and thus declining more and more into a state of amblyopia. 
With this object we force the squinting eye to fixate by bandaging the 
non-squinting eye several hours every day. Since this measure is often 
baffled by the children’s resistance, we may instead of it instill a drop of 
atropine into the sound eye every second or fourth day, so that for near 


sid 
“Tat 


\ 


DISTURBANCES OF MOTILITY OF THE EYE 793 


it does not see clearly and the child is compelled to use the squinting eye. 
This measure does not succeed if the squinting eye is very amblyopic 
already, in which case bandaging of the sound eye must be resorted to. 
Atropinization of the sound eye, if it straightens the squinting eye makes 
the sound eye squint, and if kept up too long can make the sound eye 
amblyopic. We use either atropinization or bandaging of the sound eye 
both in cases which for any reason do not wear glasses and also in cases in 
which glasses have been prescribed. 

When excluding the good eye in this way, the patient should systemati- 
cally exercise the squinting eye in seeing and fiximg—by kindergarten 
games with minute objects, if he is very young, and by reading, if he is 
older. The exercises, which should be combined with the orthoptic exer- 
cises, should be done several times a day and should last from 10 to 30 
minutes—their duration being increased as the child gets more expert. If 
they are kept up steadily for months, sometimes very substantial gains in 
vision are secured, and thereby the likelihood of a cure by. orthoptic 
exercises or by operation is increased. 

694. (3) Orthoptic Exercises.—With a squint that develops in early 
life much can be done by educating the fusion faculty. This can be done 
with the stereoscope, or, better still, with Worth’s amblyoscope. Both of 
these instruments, by compelling the eyes to act together, train the fusion 
faculty. Both are at first adjusted for the patient’s angle of squint, then 
by successive adjustments the patient is gradually taught to look into the 
instruments with the eyes more and more nearly straight and yet main- 
taining fusion. In this way the angle of squint is steadily diminished, and 
there is finally orthophoria. 


This is not simply an exercise of fusion, but also and probably mainly an exercise 
of the divergence or convergence, as the case may be. 

In applying the amblyoscope and, indeed, in all orthoptic exercises, the vision of 
the two eyes should as far as possible be placed on an equality. This is done by reducing 
the vision of the good eye with a dark glass or in the case of the amblyoscope by 
dimming the picture seen by this eye with an extra thickness of celluloid. 


Another orthoptic exercise is bar-reading. This, as already stated, 
(see page 772) consists in reading with a bar or pencil held between the 
eyes and the print. Unless the patient is using both eyes at once for seeing, 
the bar will hide some of the letters. The systematic use of the bar is an 
exercise in binocular vision. 

If the patient can recognize double images at all, he can be practiced in recognizing 
and, if possible, in overcoming diplopia. This is best done by placing a red glass before 
one eye and a green glass before the other—darkening the sound eye with an extra 
thickness of glass—and making the patient look at a light. As soon as he can be got to 
recognize the diplopia readily, it is well to replace this exercise with the amblyoscope 


and bar-reading. 
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695. (4) Exercises in Moving the Eyes.—Exercises of the eyes in con- 
verging on a pencil carried towards the nose or in overcoming prisms, base 
out, are useful in convergence-insufficiency and occasionally in divergence- 
excess. Sometimes they relieve the symptoms when they do not essen- 
tially diminish the deviation. 


In practicing with prisms, base out, the test-object should be placed at the read- 
ing distance if we are dealing with a pure convergence-insufficiency, and at six metres 
if we are dealing with a divergence-excess. In mixed conditions, exercise at both dis- 
tances should be used. Convergence-insufficiency may also be treated by exercising 
the convergence with the amblyoscope (see supra). 

Convergence-excess may be treated by exercising the divergence with the amblyo- 
scope or by practice in overcoming prisms, base in, the object in this case being held 
at the reading distance. 

Other exercises have been tried, e. g., rotating the eyes from side to side, or up and 
down, or turning the head from side, while keeping the eyes fixed. Such exercises 
may be indicated when the muscles per se are weak, but would hardly have any influence 
in divergence or convergence anomalies. 


696. (5) Prisms for Wear.—Deviations of low degree may be corrected 
by prisms worn constantly, either alone or combined with the glass correct- 
ing the refraction. This is most serviceable in hyperphoria. In escphoria 
and exophoria, prisms constantly worn often tend to increase the deviation, 
and their use is not generally advisable. Moreover, it is not usually possible 
for a patient to wear prisms of more than 3A, or at most 4A, before one 
eye, so that the total amount of deviation.that we can correct by this 
means would not be more than 7A at most. 


R For the reasons given on page 
757, prisms are rarely serviceable in 
paretic deviations. 

The way in which prisms help 
in cases of deviation is shown in iF ig. 
348, which is supposed to represent a 
case of convergence-insufficiency. In 
the case shown the prisms are placed 
before both eyes and in such a way 
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L that their bases are directed inward 


: (P and Py, Fig, 848). The rays com- 
‘1G, 348.—HMPLOYMENT OF PRISMS IN CONVERGENCE- ; ee 2 : 

: ichecmornoeicie CONVERGENCE- ing from the point of fixation, O, are 

deflected by each prism toward its 

base. The eyes, therefore, need only converge, as though, they were gazing at the 


more remotely situated point, Oh. 

697. (6) General treatment must be employed in neurasthenia and 
hysteria and in conditions of debility from whatever cause. This will often 
relieve the symptoms without producing any material change in the 
muscular condition of the eyes. 

698. (7) Treatment of Associated Conditions —The treatment of other 
affections, particularly intra-nasal disease, which may possibly be sources 
of reflex trouble, should never be neglected. 


—- v4 
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699. (8) Operation—When everything else has been tried and has 
failed, an operation is indicated. For methods, see § § 882-888. 

With an esophoria or convergent squint, tenotomy of one or, better, of 
both internal recti is done, provided the condition is mainly one of con- 
vergence-excess. When the condition: is, one of divergence-insufficiency, 
the better plan is advancement of one or both externi. 

Similarly, in exophoria or divergent squint caused by divergence-excess, 
tenotomy of one or, better, of both external recti, is indicated. Cases of 
convergence-insufficiency, on the other hand, should be treated by advance- 
ment of the interni. In marked divergent strabismus tenotomy of one or 
both externi, combined with advancement of the interni, usually has to 
be done. 

In hyperphoria, if non-comitant, we proceed according to the rules 
laid down for operative interference in paretic deviations (see § 890). In 
a comitant hyperphoria the most successful operation is a tenotomy of the 
superior rectus, which should never be pushed so far as to cause the muscle 
to become paretic nor so far as to produce even a moderate over-correction. 

In heterophoria an operation, if performed with judgment and with 
eareful regard to the underlying conditions of the heterophoria, often 
relieves, sometimes to a surprising degree, the asthenopia, confusion, head-.: 
ache, and other symptoms. In squint the result obtained by the opera- 
tion is, as a rule, simply cosmetic. The sight of the squinting eye is not 
influenced by the operation, and in only a few instances is even binocular 
vision restored. Nevertheless, the results that we secure by operation are 
not to be undervalued. A man with squint scarcely ever complains of 
the bad sight in his squinting eye, or of the absence of binocular vision; 
he is ordinarily unaware of the existence of either. He only desires relief 
from his disfigurement, and is very grateful if this is accorded him.—D.] 


[IV. DERANGEMENTS OF THE ASSOCIATED PARALLEL MvUVEMENTS OF 
THE EYE 
700.—The derangements of the associated parallel movements of the 
eyes comprise—A. Paralysis and spasm of the parallel movements (con- 
jugate paralysis, conjugate spasm). B. Tremor and ataxia of parallel 
movements (searching movements, nystagmus, pseudo-nystagmus).  C. 
Dissociated movements. 


CoNJUGATE PARALYSIS AND SPASM 
701. Natures of these Anomalies.—Conjugate deviation, i. e., the con- 
dition in which both eyes are deviated in the same direction, is usually due 
to conjugate paralysis (see page 753). Thus if there is paralysis of right 
rotation, so that neither eye can rotate to the right beyond the middle line, 
the two eyes and sometimes the head also are usually deviated to the left 
by over-action of the left rotators. 
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In some cases conjugate deviation is due to conjugate spasm. For 
example, we may find both eyes deviated to the left, not because the right- 
rotators are paralyzed, but because the left-rotators are in a state of pri- 
mary spastic contraction. Such a condition is distinguished from paralysis 
by the fact that, although strongly deviated in one direction, the eyes can 
usually be moved more or less freely in the direction opposite. 

Symptoms and Course.—Since the deviation is alike in the two eyes, 
conjugate paralysis and spasm do not cause diplopia. They may, however, 
cause vertigo and false projection (A. Graefe; M. Sachs). In a conjugate 
deviation to the left, due to paralysis, the patient would overshoot the 
mark when trying to touch an object situated on his right, while if the 
deviation were due to spasm he would undershoot the mark when trying 
to touch an object situated on his left. 

Conjugate paralysis occurs in all degrees of intensity, being sometimes 
very slight, sometimes complete. It usually develops suddenly, and is 
often transient. The conjugate deviation which the paralysis produces 
often disappears long before the paralysis itself. This is especially true 
in cerebral disease. 

Varieties of Conjugate Paralysis and Spasm.—l. Paralysis of lateral 
movement occurs under the following forms: 

(A) Neither eye, when attempting to follow an object that is moving 
to one side, say the right, can move beyond the middle line. But the left 
eye can move to the right when converging on an ebject which is brought 
in towards the eyes in the median plane (retention of convergence). 

(B) Neither eye can follow an object that is carried to the right, pro- 
vided both eyes are open, but the left eye can follow the object to the right 
if the right eye is covered. This is really the same case as A, the movement 
inwards of the left eye when the right eye is covered being simply a move- 
ment of convergence (Jeffries, Moebius). 

(C) The right eye can follow an object that is moving to the right, 
but the left can not. The left eye, however, can move to the right in per- 
forming convergence. This condition, which may be called conjugate 
hemiparalysis, is thus distinguished from a paralysis of the left internus in 
which the left eye can move inwards neither when converging nor when 
attempting to make a conjugate movement to the left. 

(D) Neither eye can follow an object that is carried to the right, and 
the left eye, moreover, cannot move to the right when attempting to con- 
verge (combined paralysis of lateral movement and convergence). 

Paralysis of lateral movement is sometimes bilateral—i. e., both eyes 
fail to follow an object that is carried either to the right or to the left, 
although it may be that both can still converge. 

2. Spasm of lateral movement occurs under the following forms: 


ee 
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(A) Both eyes are deviated spastically to one side, but can be moved 
freely in all directions (pure spasm of lateral movement). 

(B) Both eyes are deviated spastically to one side, and can not be 
moved to the side opposite (excessive spasm of one side-to-side movement, 
or spasm of one side-to-side movement combined with paralysis of the 
movement in the opposite direction). 

(3) Paralysis and spasm of up and down movements are rare. 

Site of Lesion in Conjugate Paralysis and Spasm.—Paralysis of lateral 
movement is caused by destructive lesion in— 

1. The cerebrum and either in the cortex, in the subcortical association 
paths, or in the tracts connecting the cortex with the oculo-motor and 
abducens nuclei. Such lesions are usually of sudden onset and associated 
with apoplectoid symptoms (coma, hemiplegia). A lesion of the right 
hemisphere produces paralysis of movements to the left, and consequently 
a conjugate deviation to the right (the patient turns his eyes towards the 
lesion). Convergence is always retained. 

2. The pons. Lesions on the right side of the pons will produce 
paralysis of right-hand movements, and vice versa—i. e., the eyes look 
away from the lesion. 

Small lesions in the pons involving the abducens nucleus or its imme- 
diate connections cause paralysis of lateral movement without paralysis of 
convergence (paralysis of types A and B, page 796). Lesions high in the 
pons involving only the fibers connecting the abducens and the oculo- 
motor nucleus produce a conjugate hemiparalysis of the opposite internus 
for parallel movements but not for convergence (type C, page 796). Larger 
lesions in the pons above and below the abducens nucleus cause combined 
paralysis of lateral movement and convergence (paralysis of type D, page » 
796). (Jeffries, Schoeler.) 

3. The cerebellum. The deviation here is sometimes toward the lesion, 
usually away from it. 

Spasm of conjugate movement is caused by an irritative lesion in— 

1. The cerebrum (in the cortex only). A lesion situated on the right 
side causes a spastic deviation to the left, i. e., the eyes are turned away 
from the lesion. 

2. The pons (very rare). In this case the eyes look toward the lesion. 

Paralysis of wp and down movement is due usually to a lesion involv- 
ing the anterior parts of both oculo-motor nuclei or the corpora quadri- 
gemina or to one occupying the middle line close behind the corpora quad- 
rigemina. It also occurs in pons lesions. 

Some cases simulating conjugate paralysis are due to symmetrical 
defect in the muscles or to symmetrical lesions of the two oculo-motor 


nerves at the base. 
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TREMOR OF THE ASSOCIATED ParRaALLEL MoveMENTS. NYSTAGMUS AND 
PsEupo-NysTaGMUS 

702. Searching Movements.—Both eyes make an occasional wide, 
comparatively slow, sweeping movement from the primary position in 
some direction, and then; either immediately or after a time, return to the 
primary position. The movements are apparently purposeful, as if the 
patient were trying to look at an object situated to one side of him. They 
may take place in any direction, vertical, oblique, or horizontal. 

Searching movements are found in blind eyes and in eyes which from 
disease at the macula and other causes have lost the power of central 
fixation. 

703. Pseudo-Nystagmus.—One or both eyes when carried to a point 
near the limit of their excursions in some direction, make a series of jerky 
movements on from this point and back to it again, but in returning do 
not re-pass it. These jerks evidently represent an extreme effort to keep 
up the original excursive movement of the eyes, the smooth steady pull 
of the muscle that is carrying the eye along being converted into a series 
of discontinuous, spasmodic tugs. 

Pseudo-nystagmus is sometimes unilateral, more often bilateral. 

Pseudo-nystagmus occurs almost constantly in hereditary ataxia and 
very often in multiple sclerosis, but also occurs in a great many other 
nervous affections and often in persons who are quite healthy. It seems 
to denote usually weakness or fatigue of the muscles which move the eye 
in the direction in which the pseudo-nystagmus occurs. 

704. Nystagmus.—In nystagmus the eyes make a series of very 
regular, short, quick oscillations about a central point. Nystagmus differs 
from pseudo-nystagmus, first, in that it often occurs when the eyes are in 
the primary position or near it, whereas pseudo-nystagmus occurs only 
when the eyes are near the end of an excursion in some direction; second, 
the movements in nystagmus are oscillations to and fro about a central 
point, while in pseudo-nystagmus they are movements to a terminal point 
and back from it again; third, the movements in pseudo-nystagmus are 
jerky and bespeak effort, in true nystagmus are smooth and regular, and, 
except in miners’ nystagmus, are not often associated with a restriction in 
the excursive power of the eyes, which is very frequently present in pseudo- 
nystagmus. 


As regards the character of the movement, a distinction is made between pendulum- 
like nystagmus (nystagmus vibrans) and resilient nystagmus (nystagmus resiliens). 
In the former, the movement has the same velocity to and fro; in the latter, the eye 
moves slowly to one side and returns rapidly to the other. Pendulum-like nystagmus 
is the distinguishing mark of cases characterized by amblyopia (cases of optical nys- 
tagmus, but also occurs in other forms, e. g., miners’ nystagmus). Resilient nystagmus 
characterizes cases due to disturbance of innervation in the labyrinth (aural nystagmus). 

In direction the oscillations may be horizontal, vertical, rotary (wheel-like), or 
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mixed (combination of horizontal and vertical or horizontal and rotary). A pecu- 
liar variety of mixed nystagmus is circwmduction nystagmus in which by making succes- 
sive horizontal and vertical movements the center of the cornea describes a circle or 

ellipse. Horizontal and vertical nystagmus are called collectively nystagmus oscilla- 
torius. 

True nystagmus is nearly always bilateral and then the movements are almost 
invariably equal, simultaneous, and parallel in the two eyes (conjugate nystagmus). 
Bilateral nystagmus is usually horizontal, less often rotary or mixed. Vertical bilateral 
nystagmus Is rare. ; 

Very rare forms are (a) disjunctive nystagmus in which the two eyes swing rapidly 
toward and away from each other, i, e., make rapidly alternating converging and 
diverging movements, or revolve toward and away from each other; (b) dissociated 
nystagmus, in which the movements in the two eyes are quite dissimilar in direction or 
in extent; (c) unilateral nystagmus. Unilateral nystagmus is usually vertical. 

In many cases nystagmus changes greatly in intensity or in character when the 
eyes are turned in some special direction, or when they are converged, or when either 
or both are covered. Many patients make the same vibratory movements with their 
heads as with their eyes, but in an opposite direction. 


705. Etiology of Nystagmus.—Nystagmus is caused by— 

(A) Conditions producing bilateral amblyopia in early infancy (optical, 
infantile, or so-called congenital nystagmus). Such conditions are opacities 
of the cornea, especially from ophthalmia neonatorum; congenital cataract; 
hemorrhage, disease, or abnormalities of the retina and chorioid; total 
congenital color blindness, and albinism. Refractive errors, even when 
great, do not usually cause nystagmus, although they may doso. Optical 
nystagmus is probably not often really congenital, but develops during 
the first few months of life. 


In what way does amblyopia produce nystagmus? Fixation is not a faculty 
inborn in man, but has to be learned by practice. Very small children do not perform 
fixation, but move their eyes about aimlessly. In what then does fixation consist? 
When an eccentric spot of the retina has impressed on it an image that excites the atten- 
tion, there is set up by reflex action an eye movement which is just calculated to place 
the fovea opposite the object. As the eye moves and the image thus approaches the 
fovea, the image becomes more and more distinct, and most distinct of all precisely 
when the fovea is reached. The moment this occurs the movement ceases, for should 
the eye be carried by the position required for fixation, the object would at once appear 
more indistinct again. But such an inhibition of movement at the right moment pre- 
supposes that as regards vision the fovea greatly surpasses the adjoining portions of 
the retina. If—on account of the affections above mentioned—this is not the case, 
an arrest of movement at the right moment fails to occur, and the eye, as it were, vibrates 
in small excursions about the position of fixation, just like the tremulous hand of an 
old man that is trying to grasp some small object. Hence, nystagmus fails to develop 
if the amblyopia does not set in till later in life, at a time when the eyes have already 
learned how to perform fixation. 

A certain degree of visual power must be present for nystagmus to exist; persons 
who are born blind, or who become totally blind very early, do not acquire nystagmus. 
In such persons the eyes move slowly and aimlessly about, making large excursions. 

Unilateral amblyopia very rarely produces nystagmus but tends rather to produce 
squint. 
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Sometimes a nystagmus dating from infancy, occurs without there being any 
obvious lesion of the eyes to cause it. In such cases, according to A. Graefe, the nys- 
tagmus is probably attributable to a congenital retinal hemorrhage which subsequently 


cleared up. 
In small children a combination of head-nodding and nystagmus occurs as a 


transient affection which is known as spasmus nutans. According to some it is 
produced by the child’s being kept in a dark room, according to others by rickets 
(craniotabes). The nystagmus in this case often assumes aberrant forms and may be 
unilateral. Whether it is optical or not is uncertain. 


(B) Conditions developing in later life causing constant strain of the 
eyesight. 

This variety of late acquired nystagmus is usually due to conditions 
incident to the patient’s occupation (hence occupational nystagmus). The 
commonest form of this is miners’ nystagmus, which is due mainly, if not 
altogether, to insufficient illumination—not, as often stated to working 
with the eyes in a constrained position. (The pick men in coal mines do 
not really work with the eyes turned up.) Nystagmus due to insufficient 
illumination occurs occasionally in other occupations (Frost), and a 
twitching (probably not a true nystagmus), which Snell ascribed to con- 
strained position of the eyes, occurs in compositors, etc. 

In the same category belong those cases in which optical nystagmus 
develops after the age of infancy as a result of high astigmatism or of 
traumatic cataract. 

(C) Irritation arising from the ear (aural nystagmus). It may be 
produced by actual disease of the labyrinth, by changes in labyrinthine 
pressure due to rapid rotation of the body, and by operative manipulations 
carried on in the middle and external ear (probing, syringing, etc.). 

(D) Nervous Disease—True nystagmus occurs frequently in multiple 
sclerosis (in 12 per cent of the cases, according to Uhthoff), also in syringo- 
myelia and.in cerebellar disease. In other nervous diseases it is rare. 

(E) Poisons, especially ether; rarely also alcohol, morphine, cocaine, 
sulphonal, arsenic, lead, quinine, ergot, and sewer gas. 

Nystagmus, whether infantile or due to nervous disease, is sometimes 
hereditary. Some persons can produce nystagmus voluntarily. 

Site of Lesion in Nystagmus.—In optical, occupational, and aural 
nystagmus, there is no actual lesion of the brain. In the nystagmus of 
multiple sclerosis and other organic nervous diseases, lesions have been 
found mainly in the corpora quadrigemina, corpus striatum, restiform 
bodies, cerebellum, and medulla. 


Theory of Nystagmus.—The remarkable regularity and parallelism of the move- 
ments in nystagmus show that we have to deal with a perversion of the centers for 
perallel and parallel-rotary movements and not with peripheral lesions of the muscles 
themseives or their nerves. 


This perverted state of the association centers is evidently produced in optical 
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and miners’ nystagmus by long-continued abnormal stimuli passing up through the 
visual tract, and in miners’ nystagmus perhaps also through the fifth nerve; in aural 
nystagmus by abnormal reflexes passing through the auditory nerve to the centers in 
the pons and perhaps also in the corpora quadrigemina; while in nystagmus due to 
nervous disease, the association centers and tracts are probably affected directly. 

Nystagmus in all probability is produced by alternate, just as normal fixation is 
produced by simultaneous, discharges of motor energy from the two sides of the brain. 

This explanation of the nature of nystagmus holds good undoubtedly even for 
the rare unilateral and dissociated forms. i 


706. Symptoms of Nystagmus.—They are— 

1. Apparent Movement of Objects—In miners’ nystagmus and aural 
nystagmus this is a very prominent and distressing symptom. It is also 

often, but not always, present in the nystagmus due to nervous disease. 
On the other hand, in optical nystagmus due to infantile amblyopia, it is 
very rarely perceived. Sometimes in unilateral nystagmus and under 
exceptional conditions, in bilateral nystagmus it can be evoked (A. 
Graefe). Even then, however, it seems hardly ever to be troublesome. 

2. Reading in Vertical Lines —That the apparent movement of objects, 
even when it is not perceived by the patient, yet causes indistinctness of 
things seen, is shown by the fact that some patients with horizontal nystag- 
mus in reading hold the book sideways, so that the lines of print run verti- 
cally. This, to a certain extent, obviates the confusion produced by the 
oscillations of the letters. 

3. Vertigo.—This is marked in some of the late acquired forms especi- 
ally in miners’ and aural nystagmus. 

4. Nodding Movements of Head.—These often occur in optical nystag- 
mus. They were formerly thought to be compensatory in character, acting 
to prevent the tremor of objects produced by the oscillation of the eyes. 
This however is not the case. 

5. Poor Vision—In most cases of nystagmus of infantile origin, the 
vision is quite poor, and can not be brought up to normal by glasses. This 
is in part due to the blurring that the nystagmus produces, but much more 
to the pathological condition causing the nystagmus. In those cases in 
which the nystagmus increases greatly in one direction of the gaze and 
diminishes in another, the sight is very much better in that position in 
which the oscillation is slight—a fact which the patient gets to appreciate 
and utilize. In miners’ nystagmus the disturbance of sight produced is 
considerable. 

6. Photophobia may be present. : 

Course of Nystagmus.—Infantile nystagmus often lasts through life, 
although it may disappear. Nystagmus due to aural or nervous disease 
persists as long as its cause. Miners’ nystagmus disappears if the patient 
gives up his work and lives under proper conditions as regards illumination 
and eye-strain. Nystagmus due to spasmus nutans and hysteria is prob- 
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ably always transient. A transient nystagmus may also result from 
. traumatism, tenotomy, or other causes. 

Treatment.—Infantile nystagmus is rarely affected by any treatment, 
although isolated cases have been cured by removal of a congenital cataract, 
by tenotomy or advancement causing relief of a squint, by exercises with 
a stereoscope and in reading with the aid of perforated diaphragm, by exer- 
cises in fixation in various positions of the gaze, and by exercises with 
rotating prisms. Some cases of nystagmus, especially acquired nystagmus, 
are relieved by the correction of astigmatism or other refractive errors. In 
miners’ and other forms of occupational nystagrnus change of occupation 
is imperative. 


DissociaATED MOVEMENTS 


707. In some cases the eyes no longer follow the law of associated 
movements, but each moves irrespective of the other. This may occur in 
eyes that have been totally blind from birth, in patients deeply under the 
influence of chloroform, and occasionally in other cases. Various forms of 
this anomaly have been described. 


In one form of partial dissociation of the ocular movements each eye on alternate 
covering goes up or each eye goes down behind the screen. In these cases there may 
or may not be binocular fixation when both eyes are uncovered (see page 762, notes). 

Some of the cases described as illustrating dissociation of the eye movements 
are not really of this character. Thus when several muscles are paralyzed in one eye 
and yet this eye is used for fixation, the secondary deviations of the sound eye, rapidly 
changing their form and varying their amount as the eyes are carried in different 
directions, make it appear as if the eyes were moving quite contrary to the ordinary 


laws of association.—D.] 
' 


CHAPTER XV 
DISEASES OF THE ORBIT 


ANATOMY 


708. Tue bony orbit forms a quadrilateral pyramid, whose base cor- 
responds to the anterior aperture of the orbit, and whose apex to the optic 
foramen. The nasal walls of the two orbits are about parallel to each 
other; but the temporal walls diverge from each other a good deal from 
behind forward. The nasal wall is the thinnest, as it is formed by the lach- 
rymal bone, which is as thin as paper, and by the delicate lamina papyracea, 
of the ethmoid (Fig. 284, T and L, Fig. 349, L and 1). At its anterior 
extremity it bears the fossa lacrimalis for the reception of the lachrymall 
sac (Fig. 302, fi). In the posterior portions of the orbit are found three 
apertures which connect the orbit with the parts adjacent. These are: 
1. The optic foramen (Fig. 349, 0) which passes between the two roots of 
the lesser wing of the sphenoid (k) into the middle fossa of the skull. 
Through it the optic nerve and beneath the latter the ophthalmic artery 
pass into the orbit. 2. The superior orbital fissure (s) which lies at the 
junction of the upper and outer wall, and is bounded by the lesser and 
greater wings of the sphenoid (k and g). It also opens into the middle 
fossa of the skull, and transmits the nerves for the ocular muscles and the 
first branch of the trigeminus. 3. The inferior orbital fissure (¢) which 
is longer than the superior orbital fissure, and lies at the junction of the 
outer and the lower wall of the orbit, between the great wing of the sphe- 
noid (g) and the superior maxilla (M). It connects the orbit with the 
temporal fossa (fossa spheno-maxillaris). Through it the twigs of the 
second branch of the trigeminus, the largest of which is the infra-orbital 
nerve, pass into the orbit. 

The inferior orbital fissure is closed by a fascia with which numerous smooth 
muscular fibers are interwoven (musculus orbitalis of Miiller). These are innervated 


by the sympathetic. 

In the growth of the body the orbit expands in proportion as the eyeball enlarges. 
If the eyeball is backward in its growth, and more especially if it is entirely destroyed 
in childhood, the dimensions of the orbit also remain smaller, If, therefore, in such 
cases it is desired later on in life to wear an artificial eye, we must content ourselves 
with one which is too small when compared with the other eye. 

The walls of the orbit at their anterior margin become thickened into 
a strong bony ring, the margin of the orbit. This constitutes the most 
important defense of the eye against external force, especially above and 
below where it juts farthest out. On the inner side there is no sharply 


defined margin to the orbit, but here the eye is protected by the bridge of 
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the nose. On the outer side the orbital margin recedes the farthest (Fig. 
301, A), so that here the eye is most exposed to injuries. At the upper 
margin of the orbit is found the supra-orbital notch designed for the artery 
and nerve of the same name (Fig. 302, 7, Fig. 349, 7s). At the lower margin 
of the orbit there is a canal (the infra-orbital canal; Fig. 349, cv) for the 
infra-orbital artery and nerve, and this opens upon the cheek—by means 
of the infra-orbital foramen (fi, Fig. 349)—about 4 mm. beneath the orbital 
margin. This point and the supra-orbital notch are of practical importance. 


Fia. 349,—Watt or THp Riaat Bony Orpir. (After Zuckerkandel.) 


The wall of the orbit is formed on the outside by the malar bone, Z, and the greater wing of the 
aphenoid, g; above by the frontal bone, F, and the small wing of the sphenoid, k, which encloses the 
foramen opticum, o, and, together with the greater wing of the sphenoid, bounds the superior orbital 
fissure, s; on the inner side by the frontal process of the superior maxilla, M, the lachrymal bone, ZL, and 
the lamina papyracea of the ethmoid bone, 2: below by the superior maxilla, M, and the orbital process 
of the palatal bone, p. Between the greater wing of the sphenoid and the superior maxilla hes the 
inferior orbital fissure, ¢, from which runs the sulcus infra-orbitalis, ci, which has its exit as the infra- 
orbital foramen, fi, on the anterior surface of the superior maxilla; is, supra-orbital notch; f, inner 


and, fi, outer orifice of the zygomatico-facial canal; z, inner orifice of the zygomatico-temporal canal; e, 
anterior ethmoid foramen; N, nasal bone. 


as constituting the points of exit of the aforesaid nerves. Sensitiveness to 
pressure at these spots is a frequent symptom in neuralgiz of the trigeminus 
and also in essential blepharospasm 

The orbit is surrounded by several other cavities in disease of which 
it can itself be implicated. These cavities are the nasal fosse and the 
cavities accessory to them— namely, the frontal sinus, the antrum of 
Highmore, the sphenoidal sinus, and the ethmoid cells. 

709. Contents.—The contents of the orbit consist of the eyeball with 
the optic nerve and the muscles, the lachrymal gland, the vessels, and the 
nerves. The interstices between these structures are filled with orbital fat, 
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and the whole is maintained in a state of firm connection by a system of 
fascie. The latter display a greater strength and a more intimate union 
with one another in three places, viz.: 1. Along the walls of the orbit. 
They cover the latter under the form of a periosteum (here called peri- 
orbita), and likewise make a sort of anterior wall for the orbit. This 
anterior wall is formed by the fascia (fascia tarso-orbitalis) that starts 
from the margin of the orbit and is attached to both tarsi and also to the 
ligamentum canthi internum and externum. These structures combined 
represent the septum orbitale, which, when the lids are closed, shuts off 
the orbit anteriorly and keeps its contents in (Fig. 285). 2. The ocular 
muscles are surrounded by fascize which send out processes connecting 
the muscles with each other, with the lids, and with the margins of the 
orbit (see page 714). 3. Surrounding the eyeball the fascie are condensed 
into a fibrous capsule, the fascia bulbi (also called Tenon’s or Bonnet’s 
capsule). This extends forward as far as the conjunctiva of the eyeball 
and backward nearly to the optic nerve. It is thus open in front and behind, 
and may be said to represent a broad ring placed about the eyeball. It 
forms the articular socket for the eyeball, which can move in it freely in 
all directions. The contiguous surfaces of Tenon’s capsule and of the eye- 
ball are smooth, and are provided with an endothelial covering (Schwalbe). 
The intervening space, Tenon’s space (t, Fig. 1), must be regarded as a 
lymph space! which is continuous posteriorly with the lymph space (supra- 
vaginal space, s, Fig. 1) surrounding the external sheath of the optic 
nerve. At the points where the tendons of the ocular muscles pierce 
Tenon’s capsule, the latter is reflected upon the muscles and becomes 
continuous with the fascie covering them (lateral mvaginations of the 
muscles, e and é, Fig. 1). 

The blood-vessels of the orbit arise from the ophthalmic artery which 
springs from the internal carotid and enters the orbit through the optic 
foramen. The venous blood leaves the orbit through the superior and 
inferior ophthalmic veins, both of which make their way through the 
superior orbital fissure to the cavernous sinus, into which they empty. 
The above-mentioned veins form numerous anastomoses with the veins 
of the forehead. AA 

Lymph vessels and lymphatic glands are wanting in the orbit. 

The nerves of the orbit are motor—these being the nerves destined 
for the ocular muscles—sensory—these belonging to the first and second 
branch of the trigeminus—and sympathetic. ‘To the outer side of the 
trunk of the optic nerve lies the ciliary ganglion. This contains motor 
fibers derived from the oculo-motor nerve ( short root), and sensory fibers 
from the trigeminus (long root). The short ciliary nerves pass from the 
ciliary ganglion to the eye, through the posterior division of which they 
SF ca a ES a 


1 [This is denied by Langer.—D.] 
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enter the interior of the organ. The long ciliary nerves, which likewise 
enter the eyeball, do not arise from the ciliary ganglion, but come directly 
from the trigeminus (from the branch of it called the naso-ciliary nerve), 
and convey sympathetic fibers which originate from the plexus enveloping 
the carotid. 

710. Position of the Eye in the Orbit.—This on an average is such 
that a straight-edge applied in a vertical direction to the upper and the 
lower margin of the orbit and pressed against them just comes into contact 
through the closed lids with the apex of the cornea, but does not sensibly 
compress the eye. Variations from this mean position very frequently 
occur: partly in consequence of individual differences in the formation 
of the face; partly, too, on account of changes in the quantity of orbital 
fat. When corpulence is on the increase, the eyes project farther from the 
orbit (goggle eyes); but when there is emaciation, they sink back into their 
sockets [hollow eyes]. 

The situation of the eyeball in the orbit not only varies in different men, but 
may also be unlike on the two sides in the same individual. This is combined with 
an asymmetrical formation of the face, which is frequently associated with a differ- 
ence in the refraction of the eyes. In this case the difference in position may be only 


apparent, since the myopic eye is longer, and hence is more prominent, so that an 
exophthalmus is simulated. 


711. Exophthalmus.—Pathological changes from the normal position 
occur chiefly in the way of a protrusion of the eyeball from the orbit— 
exophthalmus. On account of the great individual variations in the position 
of the eyeball small degrees of exophthalmus can be diagnosticated with 
certainty only when they are limited to one eye, so that, by making the 
comparison with the other eye, a guide to the diagnosis is secured. Higher 
degrees of exophthalmus attract our notice at once. The protrusion of 
the eyeball may advance so far that the lids are no longer able to keep the 
eye back in the orbit, and thus it prolapses in front of the lids—luxatio 
bulbt. The protrusion of the eyeball is either directed straight forward, or 
there is at the same time with this forward projection a lateral displacement 
of the globe of the eye. 

Exophthalmus is caused either by an increase in the volume of the 
orbital tissue or by a diminution in the capacity of the orbit. The former 
is much the more frequent. But exophthalmus ean also be produced by 
a diminution of the tone of the recti muscles, which draw the eye back- 
ward. This is the case in paralysis or in division (tenotomy) of them. 
[Such exophthalmus is sometimes apparent only (see § 886).] 

The consequences of exophthalmus whenit is of highdegreeare extremely 
disastrous to the eye: 1. The farther the eye comes forward, the more it 
pushes the lids apart. The palpebral fissure is therefore more widely 
open and more of the eyeball is visible in it than usual. In slight cases of 
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exophthalmus the dilatation of the palpebral fissure is often more con- 
spicuous than the actual protrusion of the eyeball. The fact of the eyeball’s 
being more exposed results in symptoms of irritation upon the part of the 
conjunctiva, such as redness of the ocular conjunctiva and epiphora. As 
the protrusion of the eyeball grows greater, the closure of the lids becomes 
imperfect (lagophthalmus) and then the cornea begins to suffer, because 
keratitis e lagophthalmo develops. This is the most dreaded sequel of 
exophthalmus, and one to which regard has primarily to be paid in the 
treatment (see page 687). 2. The pressure which ihe eyeball exerts upon 
the lids from behind leads to their eversion; ectropion of the lower lid 
develops. 3. The mobility of the eyeball diminishes in proportion as the 
protrusion increases, owing to the marked stretching of the recti muscles 
and of the optic nerve. 4. Vision is affected in various ways. In the 
cases in which, together with the protrusion of the eye, a lateral displace- 
ment of thé organ is present, diplopia makes its appearance. Later on, 
the vision of the protruding eye may be abolished altogether by keratitis 
or by disease of the optic nerve. The latter, as long as the protrusion of 
the eye is but slight, is subject to no undue tension, its normal S-shaped 
curve (see page 604) being simply straightened out; it is not until the eye 
is caused to protrude pretty far that the optic nerve is put on the stretch. 
If this stretching takes place gradually, the nerve fibers often accommodate 
themselves to it in a wonderful fashion, so that they preserve their con- 
ductivity, and vision is maintained intact; but if the exophthalmus increases 
rapidly,.the optic nerve owing to the traction soon loses its conducting 
power. 

{A transient exophthalmus is produced by distention of the orbital blood-vessels 
e. g., under the stress of strong emotion (Arlt, Donders) or from the hyperemia of men- 
struation (Cohn).—D.] 

For measuring the degree of exophthalmus, instruments have been constructed, 
which are called exophthalmometers or statometers. [For these can be substituted a 
thin flat trial-frame so placed that the plane of the instrument is parallel with the frontal 
plane. Each eye in succession is made to sight an object straight ahead and while it is 
doing so, the distance is measured between the plane of the frame and the external 
angular process, also between the former and the apex of the cornea. A comparison of 
the measurements on the two sides will show how far each eye protrudes in front of its 
own orbit, and how far one is in advance of its fellow.—D.] 


712. Enophthalmus.—The opposite condition to exophthalmus, 
namely, the recession of the eyeball into the orbit—enophthalmus—occurs: 


1. In decrease of the orbital fat consequent upon extreme emaciation. In Asiatic 
cholera this condition develops within a few hours, owing to the enormous loss of water 
from the tissues (Von Graefe) 2. In diminution of the orbital contents due to opera- 
tions in which a part of them is removed (e. g., in extirpation of an orbital tumor). 
3. In paralysis of the sympathetic. 4. After injuries (enophthalmus trawmaticus). In 
most cases of this kind the traumatism does not affect the eyeball itself, but the margin 
of the orbit. It is only exceptionally the case that the enophthalmus occurs right after 
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the injury. Usually it does not develop until after several weeks have elapsed. The ana- 
tomical changes causing it differ in the different cases. The most frequent condition is 
a cicatricial contraction of the orbital tissue or an indirect fracture of one of the orbital 
walls with depression of the fragment of bone outward so that the volume of the orbit 
is enlarged, and the eyeball is pushed back by the pressure of the external air. In one 
case the eyeball itself was luxated into the antrum of Highmore by a blow from a cow’s 
horn. 5. In cases of intermittent exophthalmus (see page 822). 6. After the spontane- 
ous subsidence of a pulsating exophthalmus (Bronner). 7. In neurotic atrophy of the 
face. 8. As a congenital anomaly of position. 9. In many cases of congenital paraly- 
SIS of the external rectus the eye when adducted sinks back into the orbit [generally 
because the internus and an inextensible band replacing the externus pull on the eye 
like a pair of reins. See page 757]. 


I. INFLAMMATIONS 


(a) Inflammations of the Bony Wall and of the Periosteum of the Orbit. 

713. Symptoms and Course.—Periostitis of the bones of the orbit is 
not rare, particularly at the orbital margin. Here, too, it is easiest to diag- 
nosticate. A hard swelling is felt immovably attached to the bone and 
causing the margin of the orbit to appear thicker and misshapen—a fact 
which is particularly striking when comparison is made with the sharp mar- 
gin of the orbit on the other side. In view of the great tendency toward 
cedematous swelling possessed by the lids and the conjunctiva, it is quite 
conceivable that such a swelling may be present to a greater extent upon 
one side than upon the other; still, it is usually easy to feel the tumefaction 
of the periosteum through the soft swelling of the lids. Moreover, the 
affected spot is distinguished by its greater sensitiveness to pressure. 

If the periostitis is situated, not at the margin, but in the depth of the 
orbit, the diagnosis is much more difficult. We have at first simply the 
signs of a painful inflammation in the deeper parts of the orbit. That this 
inflammation starts from the periosteum is frequently not apparent until 
the periostitis leads to the formation of an abscess, and this breaks through 
to the outside, in which case we then come down upon the diseased bone 
with the sound. 

The course of periostitis leads in favorable cases to complete resorption 
of the periosteal exudate or to the formation of a permanent deposit of bone 
(especially in syphilitic periostitis) ; it is more unfavorable when the perio- 
stitis goes on to suppuration which is followed by caries and necrosis of 
the bone. 

When a periosteal abscess develops at the margin of the orbit, the skin 
over the affected spot first becomes reddened, then becomes thinned by the 
pus, and finally is perforated. A fistula is thus produced, through which 
the sound passes down to bare and roughened bone. Afterward there 
develops at the site of the fistula the funnel-shaped indrawn depression that 
is characteristic of bone disease. The discharge of pus from the fistula 
keeps up until all the diseased bone that has died has been eliminated, a 
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process for which not infrequently several years are required. Then the 
fistula heals and leaves an indrawn, funnel-shaped sear attached to the mar- 
gin of the orbit. Through this can be felt the defect in the margin of the 
orbit left by the necrosis. Other consequences which frequently remain are 
ectropion of the affected lid and even lagophthalmus. These two conditions 
result partly because the lid becomes attached to the margin of the orbit 
and is drawn up strongly toward it, partly because a portion of the skin of 
the lid has been destroyed in consequence of the prolonged suppuration 
(Fig. 289). 

When the periostitis which has gone on to the formation of an abscess 
is situated in the depth of the orbit, the disease runs its course with the 
symptoms of retrobulbar phlegmon, which will be described later on. The 
process is then much more severe and of longer duration since it takes a 
good while for the pus to make its way from the depth of the orbit to the 
surface. These deep suppurations, moreover, may be dangerous to life, if 
they are transmitted to the cranial cavity and give rise to meningitis or 
abscess of the brain. In this respect the periostitides of the roof of the orbit 
are particularly to be dreaded, because at this spot the cranial cavity is 
separated from the focus of pus in the orbit by only a very thin lamella 
of bone. 

Chronic periostitis, particularly when syphilitic, may set up a gradually increasing 
thickening of the bones of the orbit, by which the orbital cavity is progressively con- 
tracted. The consequence is exophthalmus and compression of the nerves which enter 
the orbit, so that neuralgi# and paralyses are produced. This complex of symptoms is 
like that seen in leontiasis ossea. This consists in a progressive thickening of the bones 
of the whole face, a process in which the bones of the orbit share, so that in this case, 
too, the symptoms of contraction of the orbit with simultaneous thickening of its walls 


are produced. 

714. Etiology —The causes of periostitis are : 1. Injuries. This trau- 
matic periostitis is found most frequently at the margin of the orbit, because 
this is the part most exposed to injuries. 2. Dyscrasiz, particularly scro- 
fula (tuberculosis) and syphilis. These periostitides are likewise localized 
more frequently at the margin than in the depth of the orbit, because in 
this case, too, injuries play a part as exciting causes. Injuries of a com- 
paratively trifling nature, such as bumps or falls upon the orbital margin, 
which in healthy persons would remain without further ill result, may in 
people affected with dyscrasie start up protracted specific inflammation. 
Scrofulous (tuberculous) periostitis occurs chiefly in children and princi- 
pally affects the superior external and inferior external margins of the orbit, 
which are the parts most exposed to knocks; it leads, as a rule, to caries. 
Syphilitic periostitis, on the contrary, is ordinarily met with in adults and 
only exceptionally in children (those with hereditary syphilis). It belongs 
to the third (gummatous) stage of syphilis, and for the most part appears 
as a chronic affection under the form of periosteal thickening, more rarely 
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as an acute affection with suppuration following it. 3. Suppuration in the 
accessory cavities of the nose (page 825). 

715. Treatment—Treatment must, above all, have regard to the etzo- 
logical factor. In this respect the best results are obtained in syphilitic 
periostitis, which usually subsides rapidly under a promptly initiated treat- 
ment with mercury and iodide of potassium. As local treatment moist 
hot compresses are applied, which in the beginning favor resolution, but 
in the later stages accelerate the softening of the abscess that is in process 
of development. ,As soon as there are signs that suppuration has taken 
place, there should be no delay about making the incision, so that the pus 
which has accumulated beneath the periosteum may not detach the latter 
still more extensively from the bone. Particularly in the case of deep-seated 
periosteal abscesses is early incision indicated, even though no fluctuation 
is yet perceptible, in order to prevent the transfer of the suppuration to the 
brain. After the abscess has been opened, a drainage tube or a strip of iodo- 
form gauze is placed in the wound, so as to keep it open for the exit of the 
pus. If caries or necrosis succeeds periostitis, they are to be treated accord- 
ing to the general rules of surgery. Ectropion and lagophthalmus, which 
may develop subsequently, likewise call for relief by operation. This relief 
must be given without delay when the cornea is in danger because insufhi- 
ciently covered. In other cases it is better to defer operative interference 
until the process in the bone has entirely healed, as otherwise the success 
of the lid operation might be jeopardized by the renewed formation of ab- 
scesses and fistulze. 


(b) Inflammations of the Cellular Tissue of the Orbit 


716. Symptoms.—Inflammation of the orbital cellular tissue—orbital 
cellulitis—manifests itself by a marked cedema of the lids and conjunctiva 
(chemosis). An associated symptom and the most important of all is the 
protrusion of the eyeball, caused by the swelling of the tissues behind it. 
Because of this protrusion the eyeball’s motility is impaired, and actual 
paralysis of the eye muscles may be superadded. The sight is often reduced 
or may even be entirely abolished owing to an inflammation of the optic 
nerve, which may be purely retrobulbar or may extend to the intra-ocular 
end of the nerve, in which ease the ophthalmoscope shows an inflammation 
of the nerve-head. The gland behind the ear is swollen. At the same time 
there are violent pain, fever, and not infrequently also cerebral symptoms, 
such as headache, vomiting, stupor, retardation of the pulse, ete. 

Cellulitis of the orbit may subside by absorption of the exudate that 
has been deposited, and in favorable cases everything may return to the 
normal. But often a slight degree of exophthalmus, or paralyses of the eye 
muscles, or atrophy of the optic nerve may be left. In other cases, however, 
the inflammation goes on to suppuration, the condition being then called 
orbital phlegmon (retrobulbar phlegmon, retrobulbar abscess). When the 
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symptoms have reached their acme, the skin of the lids at a certain spot 
grows red, then shows a yellow discoloration, and finally is perforated by a 
discharge of pus. After the discharge of the pus, which is present in large 
quantity, the inflammatory symptoms in most cases rapidly abate and the 
opening soon heals again. The sight may suffer permanent diminution or 
be altogether annihilated, if the optic nerve has been implicated either 
through inflammation or through thrombosis of its vessels. Detachment of 
the retina and even suppuration of the eyeball (panophthalmitis) also occa- 
sionally occur in retrobulbar phlegmon. If the suppuration is carried over 
from the orbit to the cranial cavity, it leads to a fatal issue through puru- 
lent meningitis or abscess of the brain. 

717. Etiology.—Retrobulbar phlegmon may originate from the follow- 
ing causes: 1. Injuries, when the body causing the traumatism enters the 
orbit and carries infectious germs into the tissues. Those injuries in which 
a foreign body is left in the orbit are particularly dangerous. Operations, 
too, such as enucleation, may cause orbital suppuration if not performed 
aseptically. 2. Transfer of inflammation from the wall of the orbit or parts 
in the vicinity of the latter, such as the accessory cavities of the nose, to 
the orbital cellular tissue. 3. Erysipelas; the inflammation being trans- 
mitted from the skin to the deeper parts. 4. Metastases in pyemia, 
typhoid fever, scarlet fever, smallpox, purulent meningitis, influenza, etc. 


It is not always easy to determine the starting point of retrobulbar cellulitis. It 
often develops so suddenly and so without apparent cause that it is no woncer that 
the older physicians took refuge in the explanation which attributed it to the effect 
of cold. Recent discoveries have made us better acquainted with the sources of the 
orbital inflammation, which often are very obscure. The conditions most often causing 
inflammation of the orbit are empyemas of the cavities adjoining it, and in this regard 
the ethmoid cells are of more significance than the maxillary and frontal sinuses, since 
the former are separated from the orbit by a partition of bone no thicker than paper 
(cf. page 803 and Fig. 351). Hence in every orbital cellulitis not due to external injury 
we should always make a careful rhinoscopic examination of the nose. 

In other cases there is a primary inflammation of the bony wall of the orbit and 
as the periosteal pus forces its way out from the deeper parts it sets up an orbital ¢éel- 
lulitis. More difficult to recognize is the condition in which the diseased bone is situated 
far from the orbital cavity, as, for instance, in caries of the petrous bone or in suppura- 
tive periostitis of the alveolar process of the superior maxilla. The latter is the case in 
dental periostitis or after the extraction of diseased teeth. The path that the inflam- 
mation takes in these cases is either along the anterior surface of the upper jaw or through 
the maxillary antrum, in which the diseased tooth has already set up an empyema. 

Orbital phlegmons may develop in pharyngitis and in suppurative parotitis by 
transmission of inflammation from behind forward; and by transmission from before 
bdckward in panophthalmitis, in abscess of the lids, and in dacryocystitis acuta, when, 


as exceptionally happens, perforation of the wall of the lachrymal sac takes place back- 


ward instead of forward. ' ; 
Orbital phlegmons may lead to thrombosis of the cavernous sinus; although the 


converse process may also happen—i. €., the thrombosis starting from a thrombosed 


cavernous sinus may extend until abscess in the orbit is formed too. 
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718. Treatment.—When we have an orbital cellulitis to treat, we must 
first of all try as far as possible to remove its cause. Under this head belong 
the antiseptic treatment of wounds of the orbit, the provision for the free 
escape of secretion from wounds, the removal of foreign bodies from the 
orbit, the treatment of suppurating accessory cavities, such as the ethmoid 
cells, etc. The inflammation itself is combated by moist hot compresses, 
to which may be added the application of leeches to the temple, cathartics, 
diaphoresis, etc. If an abscess develops, the indication is to open it as early 
as possible in order to prevent the suppuration from spreading to the brain. 
We introduce a sharp-pointed scapel at the spot where wesuppose the abscess 
to be, and do not hesitate to plunge it deep in. If the phlegmon starts from 
the bone or from the accessory cavities, the pus at the outset of the disease 
still lies beneath the periosteum. Then this must be split along the wall of 
the orbit and be stripped up until the pus is reached. The situation of the 
abscess is inferred from the way in which the eyeball is displaced. If, for 
instance, the latter is pushed forward and downward, the abscess is to be 
sought for in the upper part of the orbit. Even when we do not succeed in 
getting out any pus by our incision, because no abscess cavity of any size 
has yet formed, yet the relief of tension in the tissues produced by the inci- 
sion and the profuse bleeding exert a favorable effect. 


719. Thrombosis of the Cavernous Sinus.—Symptoms similar to those which 
present themselves in the beginning of a retrobulbar phlegmon accompany thrombosis 
of the cavernous sinus. The lids and the conjunctiva swell up with cedema, and the 
eyeball protrudes and becomes difficult to move. The veins of the retina are seen, 
upon ophthalmoscopic examination, to be distended enormously. At the same time 
there is a doughy cedema in the mastoid region. These symptoms are referable to the 
fact that the veins of the orbit discharge the greater part of their blood through the oph- 
thalmiec veins into the cavernous sinus; hence thrombosis of the latter produces stasis 
in the veins of the orbit, and especially if the thrombotic process is continued on from the 
sinus into these veins. The stasis leads to protrusion of the eyeball and also to venous 
hyperemia of the retina. The cedema of the mastoid region depends upon the fact that 
in this region an emissary vein of Santorini (the emissarium mastoideum) empties into 
the transverse sinus, and hence when the thrombosis is carried along from the cavernous 
to the transverse sinus, the mastoid region also shares in the venous stasis. When this 
oedema is present (which, to be sure, is not always the case), it forms an important diag- 
nostic sign between sinus thrombosis and retrobulbar phlegmon in which latter it is 
absent. A further difference is that sinus thrombosis frequently passes over to the other 
side, so that the same complex of symptoms develops there also, while, on the contrary, 
a bilateral orbital cellulitis would be one of the greatest rarities. Finally, sinus throm- 
bosis is associated with very severe cerebral symptoms, terminated at last by the onset 
of the fatal issue. 

In occlusion of the sinus what we are dealing with is either a simple thrombosis 
produced by marasmus or a thrombosis due to infection. The latter usually originates 
from a focus of pus situated in the Vicinity—e. g., from a phlegmon of the orbit, which 
gives rise to a thrombotic process in the superior or inferior ophthalmic vein, this proc- 
ess being then carried over into the cavernous sinus. Thrombosis of the sinus most 
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frequently originates in a caries of the petrous bone, the thrombosis extending from the 
sinus of the latter [the petrosal sinus] to the cavernous sinus. Suppurative processes 
starting from the posterior ethmoid cells, maxillary antrum, or buccal cavity (teeth or 
tonsils) also may lead to sinus thrombosis. Finally, thrombosis of the sinus may 
be set up by erysipelas and may also occur metastatically in pyzemia and infectious 
diseases, 


720. Tenonitis —Tenon’s capsule may beimplicated in inflammationof the eyeball, 
so that an inflammatory oedema develops in the capsule itself and in the adjoining 
cellular tissue of the orbit, and the eyeball is thus pushed forward. Hence a slight 
degree of exophthalmus is sometimes found in severe cases of irido-cyclitis (particu- 
larly after injuries). This is quite regularly the case and to a much higher degree in 
panophthalmitis, in which exophthalmus is one of the most constant and striking 
symptoms. After the subsidence of the inflammation extensive adhesions are formed 
between Tenon’s capsule and the eyeball—a fact of which we can convince ourselves 
if an enucleation is subsequently performed. Exudation into Tenon’s space also occurs 
after it has been laid open by injuries, and particularly after squint operations, when 
infection of the wound has taken place from dirty instruments. 

There is also a primary serous tenonitis. The symptoms of this rare disease can 
be best gathered from the description of the following case which I myself observed 
years ago: It concerned a woman of fifty-eight years of age, otherwise healthy, in 
whom the disease had begun, without known cause, six days before she came under 
my observation. I found the skin in the vicinity of the lids, and still more the lids 
themselves, very swollen and cedematous, so that the eves could be opened to only 
a very small extent indeed by spontaneous effort. When I drew the lids apart I found 
the eye prominent and almost immovable. The conjunctiva of the lids was but moder- 
ately, that of the eyeball, on the other hand, quite markedly, injected, and the latter 

‘was so greatly swollen as to form a thick protuberance projecting from all sides over 
the cornea. The secretion was not increased. The cornea and also the deep portions 
of the eye were healthy, and vision was normal, except that there was diplopia due to 
the impaired mobility of the eyes. The disease was associated with moderate pain, 
and particularly with a sense of pressure and tension of the eyes. The treatment con- 
sisted in the administration of an infusion of jaborandi, in order to produce rapid absorp- 
tion of the exudate by means of profuse diaphoresis. Under this treatment the edema 
and the protrusion of the eye gradually went down, so that when the patient four weeks 
later was discharged from the clinic, the condition of the eyes had become once more 
perfectly normal. 

The causes of tenonitis are obscure; gout, rheumatism, and refrigeration are the 
etiological factors that have been held accountable for it. Some cases (among them 
one case of primary purulent tenonitis) have been observed as a result of influenza. 
The disease tends to relapse, but leaves no permanent bad results behind. 

Tenonitis like orbital cellulitis, is characterized both by odema of the lid and the 
conjunctiva and by protrusion of the eyeball. The distinction between the two af- 
fections is to be made from the amount of protrusion of the eye compared with that 
of the chemosis. If the latter is very pronounced and the exophthalmus is slight, a 
tenonitis must be assumed to exist; while in retrobulbar cellulitis even when the pro- 
trusion of the eye is marked, the chemosis is often not very great and may even be 
confined to the area occupied by the interpalpebral fissure. Frequently, however, 
it is impossible to distinguish certainly between the two sets of cases, which in fact 
are not sharply differentiated even anatomically. I have no doubt that many cases 
which were formerly called tenonitis would now be regarded as orbital cellulitis. 
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II. IysuRies 

721. Injuries of the Soft Parts—Injuries of the orbit affect either the 
soft parts alone or the bones as well. Injuries of the soft parts originate, as a 
rule, from the penetration of a foreign body into the orbit, the lids and the 
eyeball being, of course, very frequently implicated at the same time. The 
direct consequence of the injury is an extravasation of blood into the tissues 
of the orbit. If this is considerable it causes exophthalmus, and also, since 
the blood oozes slowly forward, it comes into view beneath the conjunctiva 
and the lids under the form of an ecchymosis. Paralysis of the ocular mus- 
cles, too, may be produced by the injury, and so also may lesions of the 
optic nerve, the latter entailing as their direct result partial or complete 
blindness. It also happens sometimes that the eyeball is driven out of the 
orbit by the foreign body which has penetrated into the latter, and is thus 
found lying in front of the lids (luxatio bulbi traumatica). This is most apt to 
happen when the body that causes the injury enters from the outer side, 
since here the wall of the orbit recedes the farthest—about as far back, in 
fact, as the plane of the equator of the eyeball. There are parts of the 
world where such injuries are purposely inflicted in brawls, the eye being 
pried out of its socket by the thumb, which is thrust into the orbit from the 
outer side. Insane patients have sometimes enucleated one or both of their 
own eyes in this way. Ordinarily the luxated eyeball is lost, but cases are 
known in which after reposition the eye healed again in its place and re- 
tained its visual power. 

722. Injuries of the Bones.—Injuries of the bone are most frequently 
produced by gun shot (especially a shot in the temple in attempted suicide) 
and the action of a contusing force (e. g., by a blow or a fall) upon the mar- 
gin of the orbit. They are easy to diagnosticate when they affect the mar- 
gin of the orbit itself. The site of a fracture in this locality is recognized 
by the unevenness, the sensitiveness to pressure, and in extreme cases by 
the crepitation. 


Deep fractures of the orbit without fracture in the margin may be produced by 
deeply penetrating foreign bodies, but may also be caused apart from these and in- 
' directly (by contre-coup). This is the case, for example, after a fall upon the head, 
the dropping of a heavy weight upon it, ete. Such fractures when deeply situated 
can only be suspected from the fact that they are accompained by orbital haemorrhage, 
which manifests itself by a suddenly developing exophthalmus and the appearance 
later on of ecchymosis of the conjunctiva and the lids. A further diagnostic point 
would be supplied if directly after the injury partial or total blindness were determined 
to exist along with a normal appearance of the eyeball. This condition would neces- 
sarily be referred to an injury of the optic nerve in the eanalis opticus, into the wall 
of which the fracture extends (Hélder and Berlin; see page 631). Similar symptoms 
also at times accompany fractures of the base of the skull, except that in this case the 
exuphthalmus is wanting and the ecchymosis of the conjunctiva and lids sets in still 
later, since the blood takes a longer time to push its way so far forward. 

Spontaneous hemorrhages into the orbit are of extremely rare occurrence, tak- 
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ing place as a consequence of whooping-cough or in persons who in general are pre- 
disposed to hemorrhages [e. g., in infantile scurvy, in which they produce exophthal- 
mus (Stephenson).—D. | 


723. Emphysema of the Orbit.—When in consequence of the fracture 
the orbit is made to communicate with the neighboring cavities, emphysema 
may develop in the orbit. Wherever the air has accumulated in the anterior 
portions of the orbit, it can be felt through the lids; but air that has come 
out behind the eyeball makes its presence manifest by exophthalmus. 
Whether such an exophthalmus is caused by exuded biood or by air can be 
determined by noting that in the latter case the protruded eye can be pushed 
back into the orbit again with the finger, since the air is displaced by the 
pressure. On the other hand, the exophthalmus is increased by straining 
during the acts of coughing, blowing the nose, etc., owing to the fact that 
fresh supplies of air are forced into the orbit. 


Emphysema of the orbit and lids develops after a contusion affecting the eye. 
By the force that acts on it, the eyeball is driven back into the orbit, and the orbital 
fat is made to recede to one side. But it meets with a firm resistance in the wall of 
the orbit everywhere except on the nasal wall which is formed of the thin lamina papy- 
racea. This is pushed in, and thus one of the ethmoid cells is put in communication 
with the cellular tissue of the orbit.2 The mere presence of such a communication 
between the orbital tissue and a pneumatic cavity does not suffice to produce emphy- 
sema; to effect this, air must be driven through the fracture into the orbital tissue. 
Ordinarily this occurs from blowing the nose, in doing which strong expiration is made 
while the nasal orifice is kept shut and consequently the air in the nasal fossa is put 
under high pressure. Thus is explained the circumstances that emphysema often does 
not develop until several hours after the injury and then quite suddenly when the 
patient blows his nose. Violent blowing of the nose in some rare cases has produced 
emphysema even when there was no antecedent injury. This happens in men in whom 
the lamina papyracea has particularly thin spots which are forced open by the height- 
ened pressure of the air. 


The air which passes through the fracture in the lamina papyracea gets first into 
the orbital tissue (orbital emphysema). The eyeball is driven forward and so is the 
tarso-orbital fascia which is squeezed against the skin of the lids so that the lids in 
their whole extent are stretched tight like a drum and protrude, for which reason these 
cases are usually regarded as an emphysema of the lids. Owing to the entrance of air 
behind the septum orbitale (see page 653) the lids are squeezed together and the pal- 
pebral fissure is narrowed, while in exophthalmus of other kinds the lids are pressed 
apart by the eye. If the pressure under which the air enters the orbit is particularly 
high and in addition the tarso-orbital fascia is weak (as is the case in old age) the air 
may break through the fascia and then gets under the skin of the lids—orbito-palpe- 
bral emphysema. We can then feel the air beneath the thin skin of the lids much 
better than we can when it is beneath the tightly-stretched fascia. Moreover, the swell- 
ing extends to the free border of the lid, while in the other case it stops at the convex 
border of the tarsus where the fascia is attached (Heerfordt). A purely palpebral em- 
physema without implication of the orbit is extremely rare. Tt occurs when the point 
fi Las contusion has resulted in. rupture"? tha ackera, smphysems does not develop, because 


i + push the orbitui fat aside with enough force to produce this result. 
Fe tc ot si oe aed therefore, although both are consequences of a contusion affecting 


the eye, are mutually incompatible conditions. 
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at which the air enters the tissue lies in front of the septum orbitale, e. g., in case of 
injury of the lachrymal sac. 


724. Results and Treatment of Injuries—The injury, if no important 
organs have been destroyed, may heal after the resorption of the extrava- 
sated blood with a restitutio ad integrum. In other cases disturbances of 
motility of the eyeball remain, owing to its adhesion to the neighboring 
structures, or as a result of paralysis of the ocular muscles. Moreover, if 
the optic nerve has been injured, permanent blindness of the eye may ensue. 
Still worse are the cases in which the injury results in a phlegmon of the 
orbit, in which case it may even end fatally. 

The treatment of a recent injury varies according to circumstances. If 
the wound is very lacerated and dirty, the indication is to remove the shreds 
of tissue that are likely to die and to cleanse the wound; furthermore, if a 
foreign body of any considerable size is lodged in the orbit, this must be 
removed at once, and the wound kept open with a drainage tube or strips 
of gauze. If, on the other hand, the lips of the wound are in good condition 
or have actually perhaps already united, we do not even wash them off, but 
simply place a dry sterile dressing over them. If in this case there is aforeign 
body in the orbit, we put off making any attempts at extracting it until we 
find whether or not it is going to remain without causing trouble. Projec- 
tiles, in particular, often do so remain. If there is a considerable hxemor- 
rhage into the orbit or an emphysema, a pressure bandage contributes to 
the rapid absorption of the blood or the air. As soon as the symptoms of 
deep suppuration have set in, we must proceed as in the case of a retrobul- 
bar phlegmon. 


725.—Contusions of the Eye.—It may be of service to the general practitioner to 
give a brief, comprehensive presentation of all the consequences which contusion of 
the eye or of the adjoining parts may entail. The physician before whom a case of 
this kind comes will deduce from this summary the changes that may possibly be present. 
He will then look for these changes, and thus perhaps will arrive at the discovery of 
lesions of this sort which otherwise might have escaped him because they are not very 
conspicuous. The changes produced by contusion are: 

In the lids, eechymoses, emphysema, solutions of continuity. 

In the margin of the orbit, fractures with or without displacement of the fragments. 

Changes in the position of the eyeball including exophthalmus which may be caused 
by the effusion of blood or air (emphysema) into the retrobulbar tissue or by the for- 
mation of an arterio-venous aneurysm due to rupture of the carotid into the cavernous 
sinus page 822). [Hnophthalmus may also occur (page 807).—D.] 

The (ension of the eyeball is greatly reduced when a perforation of the tunics 
of the eye has taken place But the tension may be found to be temporarily dimin- 
ished even apart from any gross material lesion, this alteration being then due to a 
decrease in the fluids of the eye and particularly of the vitreous (Leplat), which again 
must be regarded as a consequence of a disturbance of nutrition dependent upon nerv- 
ous influence [ef. page 520}. 


In the conjunctiva, ecchymoses, lacerations (with or without coincident scleral 
rupture). 
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In the cornea, epithelial desquamation, and, later on, deep non-suppurative in- 
flammations; rarely purulent processes or rupture of the cornea. 

In the aqueous chamber and the vitreous, effusion of blood (hyphema hemoph- 
thalmus). 

In the iris, iridodialysis partial or complete (aniridia traumatica), radial lacera- 
tions, recession of the iris, likewise paralysis of the iris (mydriasis) with or without 
paralysis of accommodation. 

In the lens, astigmatism, subluxation, and luxation due to partial or complete 
laceration of the zonula, likewise the formation of cataract. 

In the sclera, rupture in the anterior division, attended, it may be with prolapse 
of the uvea, the lens, or the vitreous. 

In the chorioid and retina extravasations of blood, detachment, rupture; in the 
retina alone, cloudiness (commotio retine), formation of a hole in the fovea. 

In the optic nerve, compression by effusion of blood, and contusion or rupture 


by fracture taking place in the optic canal; avulsion of the papilla from the scleral canal. 


III. BasEpow’s Diskase 


726. Symptoms.—Basedow’s disease (exophthalmic goitre) belongs to 
the domain of internal medicine, and hence can be considered here only in 
so far as exophthalmus belongs among its most important symptoms. This 
exophthalmus is bilateral; the eyes are pushed straight forward, sometimes 
but little, sometimes to such a great extent that they can not any longer be 
perfectly covered by the lids. Even when the exophthalmus is great, there 
is little or no limitation of mobility of the eye. It is obvious that when the 
exophthalmus is considerable, it becomes noticeable at the first glance; but 
even when the protrusion is slight the peculiar appearance of the eyes strikes 
one at once. This appearance is caused by the fact that the upper lids are , 
raised unusually high. The eyes look as if forced wide open, and give the 
patient an expression of astonishment or fear (Dalrymple’s sign). When the 
eyes are depressed the upper lids do not descend properly with the eyeball, 
but remain elevated,so that a broad portion of the sclera is visible above the 
cornea (Von Graefe’s symptom). Winking takes place less frequently (Stell- 
wag’s symptom), and hence desiccation of the deficiently covered cornea is 
favored. Convergence of the eyes is rendered difficult (Moebius’ symptom). 
[Eversion of the upper lid is sometimes difficult (Gifford) —D.] The eye- 
ball itself, as long as the cornea has not yet suffered harm, is normal and the 
visual power is good. Sometimes there is pulsation of the retinal arteries. 
[When a stethoscope is placed over the closed lids, there is oceasion- 
ally heard, besides the constant hum due to contraction of the orbicularis, 
a murmur, said to be systolic in rhythm and hence regarded as vascular 
in origin (Snellen and others). But according to Sattler it, too, is due 
to muscular contraction.—D. | 

The two other main symptoms of Basedow’s disease are the swelling 
of the thyroid gland and the acceleration of the heart’s action (tachycardia). 
The former is distinguished from ordinary goitre by the fact that when the 
hand is placed upon the thyroid gland it feels the strong movement of 

52 


pulsation in the arterial vessels, which is communicated to the entire 
intensity of the heart beat is inereased, the frequency of the pulse is regu- 


_ larly over a hundred. The slightest bodily exertion or mental excitement _ 


at once increases the frequency of the pulse very considerably. The physi- 
eal examination of the heart, apart from the enlargement of the left heart, 
gives a normal result. In patients with Basedow’s disease there are almost 
ahways vibratory tremor and increased secretion of sweat. The general — 
state of the patients is disordered to this extent that they are for the most 
part very excitsble, and suffer from the symptoms of anemia or chlorosis. 
Not infrequently rapid emacistion is present, even when the appetite 
remains good. ~ 
Basedow’s disease wa: first deseribed as a special form of disease by English phy- 
Seiams, and particulariy by Parry and afterward by Graves, and hence it is even now 
ealled Graves’s disease by the English. These authors, however, had not recognised 


the exophthalmus ss being one of the essential symptoms of the disease; this was first _ 


done by Basedow, who in 1840 did the pioneer work in demonstrating the whole triad 
of symptoms of the disease. 

In marked eases no dsease is easier to diagnosticate than this; even from a cis-. 
tance we ea2 tell what the patient's trouble is. But, on the other hand, there are nu- 
merous eases in which some of the symptoms are less pronounced or are even want- 
ing sltogether, so that the diagnosis becomes difficult. Taking only the exophthalmus _ 
into secount, we find that it may be slight, absent altogether, or confined to one eye. 
When exophthsimu:; is absent, Von Gmefe’s symptom is still sometimes present, so 
thsi it is not to be regarded as due simply to the exophthalmus; but it too is not con- 
stant, and in the same case may be sometimes present, sometimes wanting. : 

727. Etiology —tThe disease principally attacks women, beginning at 
the time of puberty, and extending up to the appearance of the menopause. 
Men rarely suffer from it. 

The eeuse of Basedow’s disease is assumed to be a poisoning of the body by the 
seeretion of the thyroid gland, the result of which is that a disturbance of innervation 
is set up. So far as the eye is concerned, it is the sympathetic whose function appears 
to be disturbed. In consequence we find a dilatation of the vessels in the district sup- 
plied by the carotids—a dilatation which is manifest even to external observation in 
the pulsation of the carotids. It is owing to this distention of the arterial vessels in 
the thyroid gland and the orbit that the goitre and the exophthalmus develop, and 
both conditions therefore disappear at death. Landstrém gives another explanation of 
the exophthalmus. According to him, there are smooth muscle fibers in the orbit run- 
ning from the region of the equator of the eyeball forward to the septum orbitale. Since 
these musele fibers like the musculus tarsalis are thrown into tonic contraction, they 
draw the eyeball forward. Von Graefe’s symptom, too, must be referred to a disturbed 
innervation of the sympathetic, which supplies the organic levator of the lid (musculus 
tarsalis superior). This is in a state of tonic contraction, as we convince ourselves if we 
grasp the upper lid by the cilia and try to draw it down. We then encounter greater 


resistance than we do in healthy persons. (Gifford’s sign (page 817) is probably referable 
to the same cause.—D.] 


728. Course and Treatment.—Basedow’s disease generally develops 


quite gradually. Palpitation usually sets in first, and with this is afterward 


a a 
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associated the thyroid dilatation, and, last of all, the exophthalmus. As a 
general thing it takes months or even years before all the symptoms of the 
disease are distinctly marked. Then it: usually remains at the same point 
for years, after which it subsides again very gradually and not without leav- 
ing a tendency to subsequent recurrences. In many cases, however, the 
disease is not recovered from, but remains until the patient’s death, nay, 
more, it may even—by the exhaustion or the complications which it pro- 
duces—be itself the cause of death. As a general thing the disease runs a 
severer course in men and in elderly people than in women and in the young. 
Basedow’s disease is a source of danger to the eyes from the fact that when 
the exophthalmus is of a pretty high degree closure of the lids is imperfectly 
performed and keratitis e lagophthalmo develops. In this way blindness 
of one or even of both eyes may be produced. 

Precisely as the separate symptoms of Basedow’s disease may show great varia- 
tions in the extent of their development, so also may the course of the disease vary 
exceedingly. Although as a rule this is very chronic, yet cases are known in which the 
disease had a most acute onset. Trousseau tells of a woman in whom the symptoms 
of the disease developed in the course of a single night, which she had spent in tears, 
lamenting her father’s death. The subsequent progress of the disease, too, may be so 
speedy that within a few weeks it leads to recovery or to death. 

Treatment need be considered here only in so far as it relates to the eyes. 
The exophthalmus requires treatment only when it leads to imperfect 
closure of the lids and thus endangers the cornea. In this case we must, by 
bandaging the eyes at night, provide for their being covered during sleep. 
If the bandage turns out to be insufficient, we must perform tarsorrhaphy, 
by which the palpebral fissure is permanently closed in its outer portion. 


IV. Tumors oF THE ORBIT 

729. Tumors of the orbit—in the widest sense of the word—have in 
common one very important symptom, namely, exophthalmus. If this is 
present the main thing to determine is whether an inflammation or tumor 
growth causes it. Such a determination is easy, as a rule, since inflamma- 
tory exophthalmus starts up acutely and with inflammatory symptoms 
(swelling of the lids and conjunctiva, pain), while exophthalmus due to 
tumor growth develops gradually and without signs of irritation. Yet not 
infrequently diagnostic errors do occur especially in chronic inflammations 
attended with tissue growth (syphilitic or tuberculous inflammations—cf. 
Bens pert the site of the tumor, we must consider the nature of the 
protrusion: whether it is directed straight forward, or whether there is also 
a lateral displacement of the eyeball. With the same object in view we test 
the mobility of the eye in all directions. Then we try to palpate the tumor 
itself, so as to be able to tell its size, form, consistency, mobility, ete. Ifthe 
tumor lies deep in the orbit, we endeavor to push the little finger as deeply 
as possible between the margin of the orbit and the eyeball (under narcosis, 
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if necessary), so as to get at the tumor. Finally, the examination should 
be completed by determining the visual acuity and the ophthalmoscopic 
finding, by which we ascertain whether and in what way the optic nerve 
has been injured by the tumor. [Tumors of the orbit include the rarely 
occurring tumors of the lachyrymal gland (page 710) These do not in gen- 
eral cause exophthalmus, but a swelling perceptible with the finger under the 
upper outer margin of the orbit. Sometimes the gland is dislocated down- 
ward so as to appear as a swelling under the upper retrotarsal fold.—D.] 

730. Cysts.—The most frequent of these are the dermoid cysts, which 
are congenital, but often develop to a greater size after birth. They gen- 
erally lie in the anterior part of the orbit, and usually in its upper and outer 
or upper and inner angle. On account of their superficial situation, they 
do not displace the eyeball, but push forward the skin of the lids, through 
which they can readily be felt as round, movable tumors as big as a bean or 
walnut. Upon extirpating them one can convince himself that they are, as 
a general thing, unilocular cysts with pultaceous or sebiform contents ; some- 
times processes from them extend pretty deep into the orbit, and thusrender 
complete removal difficult. The only harm that dermoid cysts produce is 
the disfigurement caused by them, and this, too, is the reason why, quite 
often, we proceed to extirpate them. In doing this, we must go to work 
very carefully so as to dissect out the cysts, as far as may be, unopened. 
If the cyst wall, which often is thin, breaks prematurely, part may easily 
be left behind and cause recurrences. 

; Histological examination of dermoid 
cysts shows that their wall possesses 
essentially the structure of the external 
skin—that is, it consists of a substratum 
of connective tissue, the cutis, which sup- 
ports an epithelial lining like that of the 
external skin, and which not infrequently 
contains hair follicles and glands (sebace- 
ous and sweat glands). The contents of 
the eyst are mostly like porridge or 
sebum, and are formed of the exfoliated 
epithelial cells and of the secretion of the 
glands contained in its walls; in many 
cases hair, and in very rare cases teeth, 
have been found in them. Sometimes the 
contents of the eyst are converted into an 
oily or honey-like liquid (oil eysts and 
honey cysts or meliceris); or they may 
even become like serum. The anatomical 

Fic. 350.—CrrHaLocetn Orpira ANTERIOR. structure of these cysts ranges them in 
the category of dermoid cysts—i. e., of 

those which we regard as originating from an invagination of the external germinal 
layer, which then develops afterward into a eyst (Remak). Some of the eysts with 
serous contents may perhaps have originated from an analogous invagination of the 


nasal mucous membrane (Panas). In structure and mode of development dermoid cysts 
5 
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are allied to the dermoids of the corneal margin, which likewise are to be regarded as 
aberrant islands of skin (see page 223). The two varieties of tumor are distinguished 
from each other clinically by the fact that the first are deeply placed cavities; the 
second, superficially situated, flat, expanded, wart-like structures. 

Another form of tumor with which dermoid cysts might be occasionally con- 
founded is the hernia cerebri (cephalocele). That form of it which requires considera- 
tion here, the cephalocele orbite anterior, projects into the orbit between the eth- 
moid and frontal bones (Fig. 350). At this spot the dura is wanting in the space occu- 
pied by the hernia, being adherent to the periosteum at the margin of the gap in the 
bone. The sac protruding from the gap is formed of arachned and pia mater, and con- 
tains remains of brain substance or, when the ventricle extends as far as the sac, is 
lined with ciliated epithelium (Stadfelt). Clinically, therefore, the cephalocele of the - 
orbit usually represents a tumor which is situated in the upper and inner angle of the 
orbit, is covered by normal skin, is distinctly fluctuant, and has existed since birth. 
Since dermoid cysts also are congenital and frequently occupy the same spot, an error 
in diagnosis might be readily made. Such an error might possibly lead to the worst 
consequences, if extirpation of the meningocele, which may be followed by meningitis, 
should be thereupon performed. It is hence important to know how such a mistake 
can be avoided. The signs which principally distinguish a cephalocele from the der- 
moid cysts are as follows: 1. A meningocele is immovably attached to the bone. Not 
infrequently we are able to feel with our finger the opening in the bone through which 
the cephalocele communicates with the cranial cavity (hernial orifice). 2. A cepha- 
locele sometimes shows the pulsatory and respiratory oscillations which are communi- 
cated to it from the brain. 38. A cephalocele can be diminished in size by pressure 
with the fingers, since its fluid contents are in part pushed back into the cranial 
eavity. At the same time symptoms of increased cerebral pressure, like vertigo, nausea, 
deviation of the eyes, convulsions, etc., may make their appearance. 4. In order to 
be perfectly certain, we make an exploratory puncture of the cyst. In doing this we 
must proceed under rigid aseptic precautions, so as not to excite inflammation of the 
cyst and consequent meningitis. The diagnosis becomes more difficult, or is even im- 
possible, when the communication. between the meningocele and the cranial cavity 
(the subdural space) is obliterated; but in this case removal of the tumor is not 
associated with danger of any sort. 

Besides those already given, the only cysts of the orbit requiring inention are those 
formed by entozoa (cysticercus and echinococcus), and also the congenital cysts of the 
lower lid in microphthalmus (page 482) and blood-cysts developing from extravasations 
of blood. 

731. Vascular Tumors.—To vascular tumors, in the widest sense, belong 
vascular dilatations (aneurysms) and new growths consisting of vessels 
(angiomata). Both the one and the other occur, though rarely, in the orbit. 
Of hemangiomata we here meet with two forms that also occur in the lids 
(telangiectasis and cavernous tumor). The former is congenital, and is orig- 
inally seated in the lids, from which it may gradually extend into the orbit. 
The diagnosis, hence, is easy, since on the lids the tumor is obvious. Its 
treatment when in the orbit is the same as when on the lids. Cavernous 
tumors, in contradistinction to those just named, usually develop first within 
the orbit and grow slowly, pushing the eye farther and farther before them. 
As long as they lie wholly in the depth of the orbit, the correct diagnosis can 
be made only from the variable volume which these tumors possess. We 
can diminish their size by pressing the eye back into the orbit, and, on the 
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other hand, they swell in the acts of crying, straining, etc. [or when the 
patient bends far over. They may also enlarge during the menstrual period 
(Birch-Hirschfeld).—D]. When the vascular tumors grow big and extend 
farther forward they gleam with bluish luster through the skin of the lds, 
and dilated blood-vessels appear in the latter; in this case the diagnosis is, of . 
course, easy. When we see that these tumors are endangering the eye by 
causing its progressive protrusion, we must remove them. Extirpation with 
the knife is principally adapted to those cases in which the tumor is sharply 
limited and is inclosed in a fibrous capsule; for the case of a more diffuse 
vascular tumor electrolytic treatment is indicated (see § 826). 


732. Pulsating Exophthalmus.—Under this term is denoted the following complex 
of symptoms: The eye is protruded; the blood-vessels of the conjunctiva and the 
lids, and often of the surrounding parts, too, are dilated. If the hand is placed upon 
the tumor, distinct pulsation of the eyeball itself and of the surrounding parts is felt; 
and, if the ear is applied to it, blowing murmurs and a continuous whirring and rum- 
bling sound are heard. The patient also hears the same sounds; he has a constant rum- 
bling in his head, as if he were standing near a waterfall, and he is often more disturbed 
by this than by anything else. The eye can be pushed back into the orbit with the 
hand. A special feature distinguishing the disease is the fact that compression of the 
carotid of the same side as the exophthalmus diminishes both the pulsation and the 
sounds or causes them to disappear altogether. The visual power of the eye is in 
many cases abolished, and that, as the ophthalmoscope shows, by optic neuritis; 
a conspicuous feature that is brought to light at the same time being the enormous 
dilatation of the retinal vessels. At times there are violent pains in the orbit and impair- 
ment of the hearing. 

It has been proved by a number of autopsies that the most frequent cause of 
this complex of symptoms is an arterio-venous aneurysm resulting from rupture of 
the carotid into the cavernous sinus (cf. Fig. 310). Through the spot where this rupture 
has taken place the blood of the carotid is discharged under a high pressure into the cay- 
ernous sinus and the veins of the orbit, which empty into it, so that these veins are very 
greatly dilated and are set pulsating. The rupture of the carotid is most frequently 
caused by traumatism, and particularly by severe injuries of the skull with fracture of 
the base; rarely a spontaneous rupture occurs from degeneration of the vessel wall. 

In rare cases the aneurysm subsides spontaneously; otherwise it persists, and 
may produce death with cerebral symptoms or by hemorrhage from the dilated 
vessels. The treatment is self-evident, from the fact that the symptoms disappear 
as soon as the carotid is compressed upon the affected side. Hence we try first com- 
pression by digital or instrumental pressure upon the earotid every day for as long a 
time as can be borne. If this procedure, after being continued for some time, is unsuc- 
cessful, ligation of the carotid is indicated—an operation by which most eases are cured. 
For some cases a suitable procedure is direct ligation of the dilated veins in the orbit, after 
access to them has been secured by temporary resection of the malar bone (see § 896). 

There are cases of intermittent exophthalmus, which appear only at intervals, and 
in fact mainly when the head is depressed, while in the erect position some enoph- 
thalmus may be present. As in such cases the exophthalmus increases when pressure 
is made upon the jugular vein, and as sometimes dilated veins are visible even upon 
external examination, it is assumed that the exophthalmus is caused by varicose veins 
in the orbit, which, however, in contradistinetion to what occurs in pulsating exoph- 
thalmus, are not in communication with an artery. 

733. Other Tumors.—Besides the tumors enumerated above the following have 
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been observed in the orbit, as rarities: Teratoma, angioma lipomatodes, lymphan- 
gioma, neuroma simplex, neuroma plexiforme, cylindroma, endothelioma, psammoma, 
enchondroma, and osteoma. The osteomata start from the bony wall of the orbit, and 
most often from the frontal bone. They may, however, also land, according to some 
most frequently] develop in one of the cavities ad joining the orbit, particularly the frontal 
sinus, and enter the orbit itself afterward through erosion of the orbital wall. They are 
usually sessile, being attached to the bone by a broad base, but rarely are pediculated, 
in which case it occasionally happens that they necrose spontaneously and are then 
eliminated. Most osteomata are as hard as ivory, so that chisel and saw can make 
scarcely any impression on them (exostosis eburnea); but there are also osteomata of 
spongy or partly cartilaginous structure. They grow very slowly, and in time displace 
the eye from the orbit and destroy the sight by compressing the optic nerve. [They 
frequently also cause death.] For this reason they call for removal by operation, which 
because of the great hardness of the growth is often very difficult, and, moreover, is 
not devoid of danger, since in its performance the cranial cavity must be opened. Hence 
we often abstain from taking the growth out radically, and satisfy ourselves with remov- 
ing only so much of it as projects into the orbit. When the eye has been pushed out of 
the orbit and rendered blind by a large osteoma, it is sometimes better to relieve the 
patient of his troubles by enucleating the useless eye, rather than expose him to the 
dangers of an extirpation of the growth. 

Usually bilateral are the lymphomatous tumors of the orbit, the lymphomata and 
lymphosarcomata, the leuchemic and pseudoleuchemic tumors, and the chloromata. 
An enlargement of the lachrymal and parotid glands on both sides is called Mikulicz’s 
disease. Here, too, it is often lymphomatous tumors that are present but, in other cases, 
chronic inflammatory processes possibly of tuberculous nature. 

734. Malignant Tumors.—The most common primary tumors of the 
orbit are sarcomata. These may start from bone, periosteum, orbital mus- 
cles or connective tissue, the lachrymal gland, and even the optic nerve and 
its sheaths. Orbital sarcomata are usually rounded, pretty soft, and sharply 
defined, because they are inclosed in an envelope of connective tissue. 


Primary carcinomata of the orbit are very rare; they spring from the lach- 
rymal gland. 

The secondary formation of tumors in the orbit occurs when tumors 0 
the eye (sarcomata, gliomata) perforate posteriorly into the orbit. So too, 
carcinomata of the lids or conjunctiva, if not removed early, grow into the 
orbit. Neoplasms may also grow into the orbit from the neighboring acces- 
sory nasal sinuses or even from the cranial cavity. Finally metastases of 
malignant tumors occur—rarely, however—in the orbit. 

If malignant tumors are not removed early, they push the eye more 
end more out of the orbit, afterward destroy it, and finally fill the entire 
orbit, from whose anterior opening they project as large, ulcerated, readily 
bleeding masses. Still later they pass over to structures adjacent i. the 
orbit, and especially to the brain ; the neighboring tymaphatie sina sw ies 
up, and metastases form in the internal organs. The patient succumbs 
from exhaustion or from a transmission of the growth to vital organs. To 
this course a stop can be put only by as early and as radical a removal of 
the growth as possible. Smail encapsulated sarcomata can be cleanly enu- 
cleated with preservation of the rest of the contents of the orbit. Large 
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tumors, particularly if they are not sharply circumscribed, demand the 
removal of the entire contents of the orbit in doing which the eye, even when 
it still retains its ability to see, must be sacrificed. (For methods of oper- 
ating see § § 896, 897.) 


735. Inflammatory Pseudoplasms.—Classed under the name of pseudo-tumors 
[pseudoplasms] are the cases in which from the symptoms a tumor is assumed to be 
present in the orbit, and yet on the operating table we find that we are dealing with a 
chronic inflammatory growth. This may be of tuberculous, syphilitic, or unknown 
etiology. It is not always possible to differentiate certainly such cases from neoplasms 
before operation. 


V. DISEASE OF THE CAVITIES ADJOINING THE ORBIT 


736. Character.—The accessory cavities of the nose, namely the max- 
illary antrum, the frontal sinus, the ethmoid cells, and the sphenoid sinus, 
may implicate in their diseases the orbit and the optic nerve. This is most 
apt to occur in disease emanating from the ethmoid cells, for the latter are 
separated from the orbit only by the thin lamina papyracea which, more- 
over, sometimes has gaps in it. The most posterior ethmoid cell not infre- 
quently extends into the small wing of the sphenoid and then comes into 
closer relation with the optic nerve because it now borders on the optic 
canal; and it may even extend so far beyond the median line that it actually 
adjoins the optic canal of the opposite side. Otherwise the wall of the optic 
canal is formed in part by the sphenoid sinus (Fig. 351, vk) and invelvemert 
of this not infrequently affects the eye. 


Inflammatory infections of the above named cavities, called by the name of sinu- 
sitis [or more properly sinuitis| are generally the result of an inflammation of the nasal 
mucous membrane. This may be either a catarrhal inflammation (coryza) or produced 
by infectious diseases, whether acute (the most frequent example of this being influenza) 
or chronic (tuberculosis, syphilis). Furthermore, injuries, new growths, and, in the 
case of the maxillary antrum, diseased teeth may cause the inflammation. The inflam- 
mation is associated with purulent secretion or empyema (called open empyema if the 
secretion can escape through the natural orifice of the cavity, closed empyema if 
the ostium of the cavity is shutoff). In the latter case the secretion accumulates in 
the cavity and distends it; at the same time the contents of the cavity which at first 
are purulent gradually become mucous and at length watery (dropsy of the cavity). 

Inflammation of the accessory cavities often produces symptoms which are very 
striking.’ If for instance, after a coryza there is marked frontal headache and the fore- 
head above the eyebrows is sensitive to percussion, or the skin in this region actually 
becomes somewhat swollen, we should at once think of an inflammation of the frontal 
sinus. But often the inflammation of the accessory cavities runs a course which is 
pretty much void of symptoms, and particularly so when it is one of the deep seated 
cavities that is concerned. Hence a diagnosis to be certain always requires a rhino- 
scopic examination, This is not always by any means a simple matter, and often can 
not be perfectly performed until after some preliminary operative procedure (removal 
of some portions of the turbinal bodies, opening of the wall of the sinuses). 


737. Transfer to Orbit.—The inflammation of the cavities may at any 


stage pass over to the orbit. In the acute stage an orbital cellulitis (see 
page 810) most frequently develops. 
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With marked headache and some fever the lids and the conjunctiva swell up, the 
eye protrudes and becomes less movable, and frequently there is added a paralysis of 
the eye muscles or an inflammation of the optic nerve. ‘hese threatening symptoms 
soon abate, but the paralysis of the eye muscles or the inflammatory atrophy of the 
optic nerve may remain permanently. A rarer sequel of such accumulations of pus in 
the accessory sinuses is suppuration in the orbit occurring under the guise either of a 
subperiosteal abscess or of a retrobulbar phlegmon with its destructive consequences. 


Fic. 351.—Horizonrat Section THROUGH THE RicHT ORBIT. 
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Chronic empyemata of the accessory cavities may produce sluggish 
inflammations of the orbital structures, and, since such empyemata often 
run their course without causing »ny symptoms, the diagnosis ener 
encounters great difficulties, as an example adduced below aie i 

Dropsy of the accessory cavities is not so apt to produce inflammation 
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as it is te cause by distention of the walk of the cavities an encroachment 
om the arhit and hence a displacement of the eyeball. . 

Thes in Ghtation of the frontal Sanus we we the frontal bore protruding above 
whe margin af the orbet amd Gnd the eyeball dapiseed forward and downward. In ds- 
pemiaom of the cchmead cells we get a protrawen of the inner wall of the arbet upon whieh 
we ean feel thrach the soft parts the tha humina papytacea crepitate under the pres. 
sare ef the Gmgers Indismeation of the qheneld Simus may manifest Heel early 
awe course by Gaeuse imdammatamoratmnhy) of theopt nerve. [avolrementoftheop- 
tic merve fram sonas Gea may show ielf fins by an enlargement of the Riadspa—D] 
[im met & few eases Gene of the optic nerve and uveitis may be produced not by 
pressure bot by abearptien of amr matter from a chronically infamed ses. In such 
Gases we may Sind the causal armmanism im the blood, or complementation tests may 
indicate Bs seney —D] ; 

Diiatamen of the accessory cavities may ako be prodeeed by new growth Mie 
BOUL amen. or malignant means 

yoS—Diemess —Tie following bitory shows on what peiets the Gagmesis can 
be camsraned—a Games upon wheh mm ths cae depended the proper treatment 
and 3 3 resol of this the preventaon of Niadmess. A man forty years of age had become | 
died m= the mebt eve. The ophthalmoloess who treated bom had made the diagnos 
ed meurtta af the optae nerve, whack im spite af all therapeutic measures went on te atre- 
phy wah bimdmes Five years ber the patient comsulted me became he had noticed 
Sars wear back 2 Gsturbunce of saght im the left eve which had been hitherto wand. Den 
ung the Gay he had s Sight cimmemng Iht before the eve, while in the eveaing be aw 
pestertiy well. At the sume time there was Sight palm im the depth of the azhit and 
mow and them attecds of eft-aded scqrsriital meuralgia. As similar pais om the mght 
sade had premuied the blindness of the right eye and im fact sometimes manifested 
weself om that sade stall the patient was im great apprehension that now he was going 
® lee te ki ere Re The patient was otherwie: healthy, and admitted having 
only 2 Shot wmsttivemes of the kit sapmeorbital rmien to pereason. The eft eve 
appeamad mermas extermmely and with the ophthalmeseepe, and ako had mermal vsen? 
ber by cuefel exumimation of the visual Geld with small red objects a very mote 
cemiral sromems coli be Goovered, im the confines of which the red color appeared 
we be less saturated, As chrome imtemeation with tebacce or sieohel, which @ fre 
quently pragaces a central color otema could be excladed i this case, a retrobal 
bar mGiammtion of the optic nerve see page G23) had te be theaght of as the probable 
cSON. Indicative af the same thing was the pain im the depth of the orbit, which gave 
mae te the comectare thst a thas stustaon there was 2 Shagesh indammatery process 
whach was beume wamsmatred te the optic nerve. A preeess of this sort perbars bad 
siso been presemi om the right side six years before sand bed prodeeed the blindness. 
Wist could be the came of sack a bilsteral deep seated, slageisch indiammation? la 
amy case Bo coald be of but slight intensity. Arguments for ths were the Sight dezree 
of the pun the shgbtmess comdering the long Garation of the trouble, of the injury 
te the eft epic aerve, and above alll the shsemce of am emophthalmes Any marked 
wnGummmatoon of the tawue ai the apex of the orbit would be associated with conadem 
sbie swelling of the tisar and would beexe produce exephthaleas Sime ths was 
absent, severe Saismumataoms sock. ag ecazanie, as would result froma syphaktic or taber 
culous <isease of the bemes ex irom mew growths im the depth of the orbit, could be 
exades. Se Sy exchamen J amived at the hypothesis that there was a chronic ime 
Ssrumation i the most posterior ethmaid cells ot im the sphenead ad smus which might 
Sve TSE WO 2 Permanent byperzms or ight indammatery inéltra tion im its vicinity, 
Uhat & im the tissar st the anex of the orbit or im the optic canal. The thimolbast, 
whe was calind im crened the mast posterior ethmaid cells and the spheneld Sis on 
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the left side. They were filled with a mucous membrane which had undergone very 
great degeneration with the formation of polypi and which upon examination showed 
a chronic inflammatory infiltration. After the operation the pain in the orbit and the 
neuralgic attacks gradually ceased and the central scotoma disappeared all except a 
slight remnant. 

Of this history which is interesting from a rhinological aspect also, I will empha- 
size only those details which are important with regard to the eye lesion. 1. In the 
optic canal the dural sheath of the optic nerve is transformed into the periosteum of 
the bony canal. The optic nerve therefore in this situation is enveloped only by the 
delicate pial sheath which in most places is applied to the periesteum and on the upper 
side is actually adherent to it. This anatomical relation facilitates the direct transfer 
of inflammation from the cavities in the vicinity of the canal to the optic nerve itself. 
2. This inflammation first affects the pial:sheath of the nerve and we should therefore 
expect that the peripheral bundles of nerves which are next to this sheath would be 
first diseased. These bundles supply the periphery of the retina; but in this case it 
was on the contrary the center of the retina that became insensitive, for there was a 
central scotoma. This proved with certainty that there was a lesion of the papillo- 
macular bundle (see page 606), which in the canalicular segment of the nerve occupies 
just the middle of the nerve trunk, i. e., is the part farthest distant from the inflamed 
sheath. This paradoxical behavior is repeated in many lesions affecting the optic nerve 
on its surface, as for instance when a neoplasm begins to press on the nerve. Quite reg- 
ularly, too, in acute retrobulbar neuritis the papillo-macular bundle is the part that is 
first and most affected, although in the majority of cases this disease certainly has 
its main seat in the sheaths of the nerves. We explain this fact by assuming that the 
fibers of this bundle are particularly vulnerable, and connect this vulnerability with 
its especially exquisite and delicate function, with which perhaps there is associated 
a correspondingly delicate anatomical structure. “The more delicate a machine, the 
more readily it is destroyed.” 3. The lesion of this bundle can have been but slight, 
for the vision was still normal; if we had simply stopped at determining this, we should 
not have discovered the disease of the optic nerve at all. But the testing of the visual 
field with a small red object showed in the center a diminution of the ability to appre- 
ciate red. The examination of the eye with colors accordingly, affords us a particularly 
delicate test for demonstrating even the slightest impairment of sight. 4. The central 
scotoma made itself apparent to the patient by nyctalopia, since it was only by day 
that he had a ‘“‘glimmering light’”’ before his eyes, while in the evening he thought he 
had normal sight. When the patient makes statements of this kind, therefore, one 
should always look for a central scotoma. 5, The first branch of the trigeminus runs 
through the cavernous sinus to the superior orbital fissure, and in this part of its course 
lies close to the lateral surface of the body of the sphenoid. This is the reason why it 
may react under the form of occasional neuralgias to an inflammation of the mucous 
membrane of the sphenoid sinus. 

739. Treatment.—As long as the communication between the cavities 
and the nose is open, treatment is carried on by way of the nose (the max- 
illary antrum is often opened up and treated through an alveolus of one of 
the teeth). If the ostium of the cavity is closed either provision must be 
made for a permanent escape of the secretion or the cavity inust be oblit- 
erated. 


(In cases in which there is a toxemia or a remote infection from absorption of 
bacterial matter from thesinus, it may be necessary to supplement treatment of 
the sinuses by the use of vaccines.—D. ; 


= ae 
yy 


Hite ard Real \ 


ANOMALIES OF REFRACTION AND 
ACCOMMODATION 


740. THE eye is constructed upon the principle of a camera obscura. 
This consists of a box blackened on the inside, the anterior wall of which 
is formed by a strong convex lens, which throws upon the posterior wall an 
inverted image of the objects that may chance to be in front of the camera. 
In the human eye we find instead of the convex lens quite a number of 
refracting surfaces constituted by the surfaces bounding the refracting 
media of the eye, namely, the cornea, aqueous humor, lens, and vitreous; 
and in place of the posterior wall is found the retina, which not only receives 
the image, but also at the same time perceives it. Hence a diminution of 
visual power may be produced by two different causes: either the dioptric 
apparatus of the eye is defective, so that a sharp image is not thrown upon 
the retina, or it is the retina that is at fault in that it is not sensitive enough. 

In order to throw a sharp image upon the retina the dioptric apparatus 
of the eye must fulfill two conditions. In the first place, the refracting 
media must be perfectly transparent. Hence opacities of the cornea, lens, 
etc., make distinct vision impossible. The second condition is, that the 
refractive power of the media should be such that they project an image of 
external objects which is both perfectly distinct and also lies precisely upon 
the retina. The variations from this rule we designate as errors of optical 
udjustment or as errors of refraction and accommodation. The theory of 
these errors, as we see it presented to us to-day, forming a harmonious, 
well-compacted whole, is chiefly Donders’s work. It is the exactest portion 
of ophthalmology, and, in fact, of all medicine, for it is based directly 
upon the application of physical and mathematical laws to the eye. ‘These 
laws, therefore, as far as they will require consideration here, must be sup- 
posed to be known in advance, 
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ANOMALIES OF REFRACTION AND ACCOMMODATION 


CHAPTER I 
THE THEORY OF GLASSES 


741. Convex and Concave Glasses.—The refractive power of a lens is 
determined by the position of its principal focus. Under the latter name 
is denoted that point at which rays are united which come from an infinite 
distance, and hence are parallel when they strike the lens. 

In convex lenses which render parallel rays convergent, the principal 
focus (F, Fig. 352) lies on the opposite side to that upon which the rays fall. 
Here all the parallel rays are collected or condensed (hence “condensing” 
lens). If the rays emanate from a point, they will also be united into a single 
point, but if the object that emits the rays has an extension in space, they are 


Fic. 353.—Dispersion oF PARALLEL Rays BY A CONCAVE LENS. 


united into a diminished, inverted image of the object. This image is real— 
i. e., formed by an actual union of the rays at this spot. J ust as rays falling 
upon the lens in a parallel direction ultimately reach the principal focus, ’,so 
also rays which go in the opposite direction, from /’, and impinge upon the 
lens, will emerge from the latter in a parallel direction. 
Concave lenses so refract the rays which impinge upon them in a par- 
aliel direction that the latter become divergent when they emerge; hence 
the name “dispersing” lenses (Fig. 353). These rays never ogee together, 
but, on the contrary, diverge farther and farther from each other. Hence 
an actual (real) focus—i. e., point of union of the rays—does not exist in 
this case. But if an observer is stationed behind the lens—e. g., at a—and 


receives the diverging rays upon his eye, he gets the same impression as if 
831 
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these rays came from a point situated upon the other side of the lens, a 
point located at F’, where the rays would meet if prolonged backward. The 
observer accordingly believes that he does see at this point the image of the 
object, which emits parallel rays, although there is no image in reality pres- 
ent at this spot, and, in fact, there is no image formed at any spot whatever. 
This apparent image is called virtual (formed at the virtual focus), and lies 
upon the same side as that from which the rays come to the lens. Here, 
precisely as in the case of convex lenses, the law holds good that the path 
of the rays is the same when the direction is reversed. If rays impinge upon 
the lens from its posterior aspect (a) with a convergence such that they are 
directed toward F, they will be parallel upon their emergence from the lens 
at its anterior aspect. 

The distance between the principal focus, Ff, and the optical center 
h, lor really the first principal point of the lens] is called the principal 
focal distance. In convex lenses this lies upon the opposite side to that 
upon which the rays impinge; it is known as positive focal distance, and 
convex lenses are hence given the sign +. The converse is true of 
concave lenses, whose negative focal distance is denoted by the sign —. 
The refraction of rays by a lens is greater, ceteris paribus, the more 
curved its surface is—that is, the shorter its radius of curvature. 

The effect of the glasses depends not only upon their refractive power, but also 
upon their distance from the eye. Generally speaking, the effect of concave glasses 
is weakened and of convex glasses is strengthened the farther they are held from the 
apex of the cornea. [This is true for distance glasses, both convex and concave. It 
is also true of concave, but not of convex reading glasses. Whether the effect of the 
latter is increased or is diminished by carrying them off from the eye depends partly 
on the strength of the glass, partly on the distance of the object looked at. The fact 
that the effect of glasses is altered by carrying them away from the eye is of importance 
in estimating the refraction by the direct method (see page 103). Unless the ophthal- 


moscope is held at the proper distance (about half an inch) from the patient’s cornea 
the estimate-will be faulty.—D. | 

The stronger the glass the greater the influence which its distance from the eye 
exerts. For this reason the intervals between the separate numbers are not required 
to be so numerous in the case of the stronger glasses as in the weaker ones, since the 
effect of the former can be readily increased or weakened by slight alterations in their 
distance. This change of strength from change of distance is mainly of advantage 
to those that have been operated upon for cataract, who possess no power of accom- 
modation, and hence with their strong convex glasses can never have their sight ad- 
justed except for one definite distance. By slightly displacing the glass they so far 
help matters that with the same glass they can see sometimes a little closer to them, 


sometimes a little farther off. 

742. Numbering of Lenses.—The numeration of lenses, the object of 
which is to show their refractive power, is based upon their principal focal 
distance, for, the more strongly the rays are refracted, the closer their 
point of union comes to the lens, and the shorter, therefore, is their prin- 
cipal focal distance. The latter accordingly is in inverse proportion to the 
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refracting power of the lens, and can hence be utilized as a measure for it. 
A principal focal distance of 1 metre is assumed as unity, and the lens 
which has this principal focal distance is called a metre lens, and its refrac- 
tive power a dioptry (D). If 2 metre lenses are placed in apposition, 
twice the refractive power is obtained, namely, 2 dioptries (2 D): The 
principal focal distance is now one-half that of the former lens—i. e., 
}metre= 50cm. Instead of placing 2 metre lenses in apposition, we may 
grind a lens whose curvature is twice as great (or whose radius of curvature 
is half as large) as that of the single metre lens. We thus get a lens of a 
2-dioptry refracting power and a principal focal distance of 50 cm. In 
analogous fashion a lens of 4 D would have one-fourth the focal distance 
of the metre lens—i. e., 100 cem.+ 4= 25 cm. A lens of } D refractive 
power has, on the other hand, a focal distance of 100 em.+ 1= 200 cm. 
The focal distance of a lens of n D is thus 100 cm.+ n. The trial cases 
ordinarily employed for examining the eye contain lenses from 0.25 D 
for 0.12 D] up to 20 D. 


743. Old System of Numbering Lenses.—In times gone by lenses were not num- 
bered according to the metric system, but according to the inch system, and even at 
present opticians sell lenses of this sort. The unit which formed the basis of the old 
system of numbering was a lens of 1-inch focal distance. A lens of 10 inches focal 
distance has only a tenth part of the refractive power of the 1-inch lens, and hence 
is denoted by the figure zo; for the same reason a lens of 30 inches focal distance is 
called a 30 lens, and so on. The refractive power of the glass is thus expressed by 
a fraction whose denominator is the principal focal distance, in accordance with the 
law that the refractive power is the reciprocal of the focal distance. Upon the lenses 
themselves are engraved not the fractions but their denominators—i. e., the focal 
distances. The numbers contained in the old cases of glasses run ordinarily from the 
weakest glass, No. 80, up to No. 2, or 1}. To speak precisely, these numbers do not 
give the focal distances of the glasses, but their radii of curvature. The optician does 
not grind lenses of a certain refractive power, but lenses of a certain curvature—cor- 
responding to the curvature of his grinding tool—and marks the radius of curvature 
upon the glass as its number. And, in fact, if the index of refraction of the glass Js 
1.5, the radius of curvature of a biconvex or biconcave lens Is equal to its focal dis - 
tance. But as the glass used for lenses almost always has a higher index of refraction 
than this, the focal distance of a lens is ordinarily somewhat less than the number 
engraved upon the glass. In practice this small difference can be neglected, and it 
therefore was an important advantage which the old system of numbering glasses 
had to offer, that from the number of the glass one knew at once its focal distance, 
and did not have to calculate it, as with the metric system. i 0 compensate for this, 
the old system of numbering had so many disadvantages that it was seen to be neces- 
sary to give it up. The refractive power of the lens was expressed by fractions, which 
made the work of calculating the value of lenses rather complicated. The very unit 
of the system—namely, the inch—varied in magnitude in the different countries, 
so that a No. 10 glass bought in Paris had a different focal distance from that of one 
of the same number which had been made in London or in Vienna. And anyhow, as 
a matter of fact, the inch everywhere is bound to drop into oblivion. So when N agel, 
in 1866, first proposed the metre lens as the unit of a new system of numeration, his 
idea soon found acceptance, and finally also passed into practical use, after an inter- 
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national commission appointed for this purpose, upon the motion of Monoyer, had 
declared itself in favor of the metric system of designating glasses. 

The conversion of the numbers of one system into those of the other is very simple. 
The metre measures from 37 to 39 inches, according to the length of the inch in dif- 
ferent countries. If we are not concerned in making a precise estimate, we may, in 
order to be able to carry the calculation in our heads, regard the metre as about 40 
inches (the more so as the old No. 40, owing to the somewhat high refractivity of the 
glass—see supra—had generally a focal distance of somewhat less than 40 inches). 
A glass of 40 inches focal distance (75 glass) is therefore about a dioptry. A No. 10 
glass (;43)—i. e., of 10 inches focal distance—has one-fourth the focal distance of a 
No. 40 glass, and is therefore four times as strong as the latter; it is accordingly 4 
dioptries. Hence, we get at the value of the old number in dioptries if we divide 40 
by the old number. The conversion of the new numbers into the old is done in a simi- 
lar way; e. g., a glass of 5 D has one-fifth the focal distance of 1 D. The latter is about 
40 inches; a glass of 5 D, therefore, has a focal distance of 40+5=8 inches. Hence, 
the old number is converted into the new, or the new into the old, by dividing 40 by 
the given number, when the number in the other system is then at once obtained. 


744. Menisci.—The lenses so far considered have been biconvex and 


biconcave. In addition to these plano-convex (Fig. 354 A) and plano- 
concave (Fig. 354 B) lenses are employed, the refracting power of which 
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Fia. 354.—A, plano-convex lens; B, plano-concave lens; C, positive memiscus; D, negative meniscus; 
E, convex cylindrical lens; F, concave cylindrical lens. ; 


is one-half of that possessed by doubly curved lenses having the same 
surface curvature. There are also lenses one surface of which is convex, 
the other concave. If the radius of curvature of the two surfaces is the 
same, so that they are parallel with each other, the glass acts like a plane 
glass. This is the case in the coquille or curved protective glasses. Such 
lenses have refracting power only when the curvature of one surface sur- 
passes that of the other (meniscus). If the convex bulges more than the 
concave surface, the lens acts as a convex lens (positive meniscus, Fig. 
354 C), If, on the contrary, the concave is more strongly curved than the 
convex side, the combination acts as a concave lens (negative meniscus, 
Fig. 354 D). Menisci have the advantage over ordinary lenses that we 
see as distinctly when looking through the marginal portion of the glasses 
as when looking through their center, while ordinary lenses give distorted 
images when we look through their marginal portion. Hence, menisci are 
also called periscopic! glasses. [Some menisci are called toric, because 
ground with a toric? instead of a spherical surface.—D.] . 


. hes Tept, about, and oxoréir, to see. 
oric surface is one generated by rotating a circle about some point other thanits center.—D.} 
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745. Cylinders.—Besides the lenses just given, which are called collec- 
tively spherical lenses, there are also cylindrical lenses. 
If we imagine a segment cut out of a cylinder (Fig. 
355), this segment forms a convex cylindrical lens 
(Fig. 354 E). Rays which impinge on such a lens 
in a plane that passes through the axis, aa, of the 
lens, suffer no deviation. Rays, on the other hand, 
which lie in a plane perpendicular to the axis (cor- 
responding to 6bb) undergo the maximum refrac- 
tion—i. e., that which would correspond to the 
curvature of the cylindrical surface. The same thing 
is true of concave cylindrical lenses (Fig. 354 F), Fre. 355.—Tux Convex 

: . CYLINDRICAL Lens Con- 
which may be regarded as representing the mold of  stpenep as a SuoMnne. 
the positive cylinder. eee. come 

Since cylindrical lenses refract unequally the rays impinging upon, 
them in different meridians, they are calculated to compensate for a differ-- 
ence in refractivity existing in the different meridians of the eye; they; 
serve, accordingly, to correct regular astigmatism. 


[A spherical lens if tilted acts to some extent like a cylinder.—D.] 

(STRENGTH OF CyYLINDERS:—The indicated strength of a cylinder is the refractive 
power of the strongest refracting meridian, i. e., that which is at right angles to the 
axis. Thus a cylinder of +2D is one in which this meridian has the same refractive 
power as a +2D spherical lens. The axis, on the contrary, has no refractive power; 
i. e., in the plane of its axis the cylinder acts like plane glass —D.] 

[Axis or CyLinpeRs:—<According to the notation prevailing in this country the 
direction of the axis of a cylinder is indicated by the angle which it makes with the 
horizontal, the angles being numbered continuously from 0°, which is situated at the 
left side of either eye (nasal side of the right eye, temporal side of the left eye), round. 
to 180° at the right side of the eye. This system is shown in Fig. 356. 

According to another system the vertical meridian is indicated by 0° or V, and 
from this point the angles are numbered on either side to 90° (or /), which is the hori- 
zontal, those angles on the temporal side being indicated by 1, those on the nasal side 
by n. This system is shown in Fig. 357. A third system recommended by the Inter- 
national Ophthalmological Congress of 1909, is shown in Fig. 358. The angles are num- 
bered in each eye from 0° at the nasal to 180° at the temporal side ° 

These systems are also employed for indicating the direction of the axis of a prism 
—e. g., prism 1°, apex at 75°, indicates a prism of 1° refracting angle with its apex 
turned to the left 15° from the vertical.—D.] . 

746. [Combination of Glasses.—1. Two spheres of the same sign make a sphere 
equal to their sum; e. g., —3.00 sph. > —2.00 sph. =—5.00 sph. | 

2. Two spheres of opposite signs make one sphere equal to the difference of the 
two; e. g.,—3.00 sph. © + 4.00 sph. = +1.00 sph. ‘ 

3. The above rules apply to cylinders when both have the same axis; e. B-) + Hay 
cyl. axis 90° © +2.00 cyl. axis 90° =+3.00 cyl. axis 90°; and +1.00 cyl. axis 90°O 
— 250 cyl. axis 90° =—1.50 cyl. axis 90°. 

4. Two cylinders of the same sign and same maximum strength placed at right 
angles to each other make a sphere of the same sign and same strength; i. e., +2.00 cyl.. 


axis 90° +2.00 cyl. axis 180° = +2.00 sph. 
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5. A cylinder by the addition of a sphere of equal strength and opposite sign 
is converted into a cylinder of opposite sign and with its axis at right angles; i. e., 
+1.00 cyl. axis 90° —1.00 sph. =+1.00 cyl. axis 180°. 

6. Two cylinders, on which one (a) is plus, the other (6) is minus, when crossed 
at right angles, make either a plus sphere equal in strength to a and combined with a 
minus cylinder equal in strength to a+6 and having the axis of b; or they make a minus 
sphere equal in strength to b and combined with a plus cylinder equal in strength to a+b 
and having the axis of a. Thus +2.00 cyl. axis 90° —3.00 cyl. axis 180°=either 
+2.00 sph. = —5.00 cyl. axis 180° or =—3.00 sph. > +5.00 cyl. axis 90°. 

These rules are not strictly applicable unless the glasses that are combined are in 
absolute contact.—D.] 
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747, Prisms.—Prisms are employed for glasses either alone or com- 
bined with lenses. The number engraved upon prisms indicates their 
refracting angle *; the deflection which the rays undergo amounts in the 
case of weak prisms to one-half this angle. [For more precise statement see 
page 766 and for uses of prisms § 672 passim and pages 757 and 794.—D.] 


3 feaeeaal are often and mitieh better numbered b ‘ i , in ¢ 

; l : PM # bett I y their deflecting power measured in centrads or 
tart aiees cen Gk (denoted by the sign 7) is the one-hundredth part of the are which is equal 
in ong to) ¥ € radius (1. e., is a deflection of 0.57°). A prism-dioptry (denoted by the sign A) is an 
angle whose tangent is 0.01, i. e., corresponds to a deflection of 1 em. at 1 metre. The terms, however, 


are practically interchangeable, since a prism of n centrad i i i 
\ ‘ y » since s ‘rads and o i 
almost precisely equivalent to a prism of n° refracting angle.—D.] 2 oS 
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|A prism always displaces towards its apex the projected image of an object seen 
through it (e. g., in Fig. 343 displaces o to 0’), 

A spherical lens may be regarded as composed of a series of prisms, piled on each 
other, base on apex, the strength of each component prism increasing from the center 
to the periphery of the lens. In a convex lens the apices of the component prisms all 
point away from the center of the lens, in a concave lens they all point toward it. It 
is on this fact that the focusing properties of spherical lenses depend. In a convex 
lens, for example, the rays passing through the center traverse practically a plane glass 
and are not deflected; rays passing through the lens a little way from the center are 
deflected slightly because they traverse a weak prism while these that are further out are 
deflected still more strongly because they pass through a stronger prism. These several 
rays, being thus bent at different angles, cross each other, and if the component prisms 
are of suitable strength can be made all to intersect at a common point—the focus. 

For the same reason, when we look through the center of a convex lens at an object 
the latter appears undisplaced, because we are looking at it through plane glass. If, 
however, we look through the upper part of the lens at the object, the latter will appear 
displaced upward by the particular component prismthrough which we see it. The nearer 
we are to the periphery of the lens, the greater thedisplacement willbe. Thelens, in other 
words, has a prismatic action, increasing steadily in amount from its center to its per- 
iphery. This property is made use of when, instead of prescribing prisms, we decenter 
lenses, i. e., direct them to be worn so that the wearer looks through some point other 
than the optical center. The decentration, required to produce a desired prismatic 
effect, is given well enough for all practical purposes by the simple formula 

4 0 
L 
where 7 is the prismatic effect in prism-dioptries, L is the strength of the lens in diop- 
tries, and d is the decentration in mm.—D.] 

748. [Analysis of Glasses.—We are very often called on to determine the precise 
strength and character of the glass a patient is wearing. To do this we first ascertain 
whether it is convex or concave. This we do by means of the parallactic displace- 
ment. This is the displacement produced in the apparent position of an object when 
we look at it through a lens and move the lens to and fro. This takes place as follows. 

# An object that we look at through the center of a convex Jens apnears in its natural 
place, but if we move the lens down so as to see the object, through the upper part of the 
lens, the object will appear displaced upward (see supra), i. e., will move ina contrary di- 
rection to the lens. Percontra,an object that we see through a concavelens willappear to 
move in the same direction that we move the latter. If in either case we place in contact 
with the lens another of equal strength and opposite sign, we shallneutralize the convexity 
of the one with the concavity of the other, so that the combination has the effect of 
plane glass and now an object seen through it no longer moves when it moves. 

A cylinder when moved in a direction at right angles to its axis causes a parallactic 
movement like a convex or concave spherical glass. When moved in the direction of 
its axis it produces no movement, because along its axis it acts like plane glass. A 
cylinder also distorts objects seen through it. Hence a cross seen through a cyl- 
inder will look skewed (Fig. 359 I). If now the cylinder is rotated, the cross will become 
straight whenever either arm of it coincides with the axis of the cylinder (Fig. 359 II 
and am presence of a prism is shown by a displacement of the arms of the cross, which, 
however, always remain parallel to their original position (Fig. 360 I). ‘By rotating the 
glass we can ascertain the direction of the prism and the amount of prismatic displace- 


t (Figs. 360 II and III). . . 
(etre to analyze a g’ass, we look through jt at a cross, rotate the glass until 


4 


‘ 
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the cross seems no longer skewed (Fig. 359 I), and add a sphere of opposite sign till _ 
all movement in the direction AB is abolished. Leaving this neutralizing glass in place, 
we move the lens in the direction CD and, according to the direction of the parallactic 
movement, neutralize this also with a convex or concave cylinder having its axis placed 
in line with AB. The combined addition with reversed signs will equal the sphero-cylin- 
der in the glass. If in addition there is a prism as shown by a displacement of the cross 
arms like that in Fig. 360, we determine its strength by neutralizing it with a prism 
placed in the opposite direction and of such strength that it will abolish the displacement. 


A A é 
O D o D c 
B B B 
II 


I Il 


{Fic. 359.—DistorTIon Propucep By A CYLINDER. DETERMINATION OF AXIS AND OPTICAL CENTER. 
(From Posey and Wright.) 


A right-angled cross, AB-CD, is seen through a glass containing a cylinder. If (I) the axis of 
the cylinder does not coincide with either AB or CD, the cross appears skewed, so that the arms no 
longer make a right angle. The cross, however, is not displaced as a whole either to one side or the 
other (cf. Fig. 360). If now the glass is rotated until the axis of the cylinder coincides with one arm AB 
of the cross, the cross will appear right-angled and unbroken (II). The same thing will happen if the 
glass isrotated 90° further (III), so that the axis of the cylinder coincides with CD. In both II and IIT 


the point on the glass where the two arms AB and CD, being undisplaced, appear to intersect is the 
optical center.—D.] 


A A 
B B B 
II 


I III 


[Fie. 360.—DiIsPLAcEMENT PRopucED BY PrRisM. (From Posey and Wright.) 


A right-angled cross, AB-CD, is seen through a glass containing a prism. (I) The apex of the 
prism does not lie in line with either arm of the cross, being, in fact, directed toward E. Both arms of 
the cross appear displaced bodily, but neither is skewed. The amount of displacement of AB indicates 
the lateral effect, and the displacement of CD the vertical effect of the prism when in this position. If 
now the glass is rotated, both arms will appear to shift, but each will always remain parallel to its original 
position. (II) The glass has been rounted until CD appears unbroken, while AB is displaced toward C 
The amount of its displacement now represents the total strength of the prism, and the apex of the >rism 
points toward C, (IIl) The glass is rotated 90°. Now the line AB appears unbroken, and CD is 
deflected toward A. The apex of the prism points toward A, and the amount of deflection of CD cor- 
responds to the total strength of the prism. A prism placed with its base at A and neutralizing the dis- 
placement CD measures the strength and gives the direction of the prism in the glass.—D. 


It is often important to determine the optical center of a glass. If on looking through 
the glass we see the cross arms skewed (Fig. 359 I) we rotate the glass till they are so 
no longer, and then if the arms are displaced, as in Fig. 360 I, we slide the glass up and 
down or in and out until the cross is unbroken (Fig. 359 IL), and mark on the glass 
the point where the two arms seem to intersect. This will be the optical center. 


Tad: Bifocal Glasses.—It is frequently the case that a person needs glasses both 
for distant and near vision, but of a different strength. This is especially true of 
presbyopes. The glass for near work in those who wear concave glasses must be less 


ae or actually be convex, in those who wear convex glasses must be more convex 
than the distance glass. Hence, in order to avoid changing the glasses constantly, 
spectacles have been constructed which have a stronger refractive power in the lower 
part than in the upper. The first person to make such a glass was Franklin who con- 


structed it for his own use by joining together two half lenses in such a way that they 


\ ade at ie 
THE THEORY OF GLASSES 839 


were in contact along a horizontal line (Fig. 361 A). Since the horizontal dividing line 
causes a good deal of confusion when the gaze is directed straight forward, such glasses 
are now constructed so that the frame contains the glass designed for the distance, and 
upon the lower part of this is cemented a [paster or] small semilunar convex lens (bifo- 
cal glass (see Fig.361 Band C)). In near vision, in which the visual plane is depressed, 
the eye looks through this part of the glass, while for distant vision the upper part of the 
glass is used. [Instead of cementing the segment upon the distance glass, it may be 
fused or ground into the latter (fused bifocal, kryptok).—D.] 

750. Adjustment of Glasses.—In prescribing glasses attention should be paid 
to having the optical centers of the glasses separated from each other as far as are the 
pupilsof the person wearing the glasses, as otherwise he would be looking through the edges 
of the latter. In this case the images are less distinct, and, moreover, the glasses then act 
like weak prisms [(see page 837). (For the method of determining the optical center see 
page 838 and of determining the pupillary distance see page 76.) In reading, the visual 
lines are converged and directed downward. Hence in a reading glass the centers of the 
lenses should be approximated 4 to 5 mm. and dropped 3 to 4 mm., and the 
lenses themselves should be tilted forward about 10°, so that the visual 


+2 
+3 
A B C 


Fie. 361. 


A, Franklin glass, B and C, bifocal glass for an old hypermetrope, who no longer has any accommoda- 
tion and hence needs for near work a glass 3 D stronger than for distance. 


lines shall strike them perpendicularly and in their centers. Even for dis- 
tance glasses this is advisable, since most of our seeing is done somewhat below 
the horizontal plane. For this reason particular care has to be taken in adjusting 
bifocal segments, so that the upper line shall not be too high and interfere with distinct 
vision when the eyes are directed somewhat down as in walking on tue street. Adjust- 
ment of glasses along these lines is particularly important in anisometropia (see § 794). 

Many prefer meniscus and especially toric glasses, because they give a somewhat 
larger field of distinct vision. But in the case of strong convex lenses of this type, the 
centers, owing to the concavo-convex form, are thrown so far from the eye as often to 
make the glasses appreciably too strong (see page 832).—D.] 

751. Stenopezic Spectacles.—Stenopzxic* spectacles consist of a blackened disk 
of metal, in which is placed a small round hole or a narrow slit. They are sometimes 
employed with advantage in cases of corneal opacities. They are adapted for those 
_eases in which a part of the pupillary area of the cornea is clear, while another part is 
occupied by a semitransparent spot of cloudiness, which by diffusing the light causes 
confused vision. If the disk is held before the eye in such a way that the aperture lies 
in front of the transparent portion of the cornea, the latter alone is used for seeing, and 
the opacity which causes the confusion is excluded. Since a man has only a very small 
field of vision in looking through such an aperture, and since, moreover, he can not 
move his eye about behind it, stenopxic spectacles are not suited for going about, but 
they often enable the patient (who can hest manage them by holding them in his hand) 
to read when it would be impossible to do so in any other way. 

For protective glasses and eye-quards see page 53. 


4 From orevos, narrow, and omy, peep-hole. 


CHAPTER II 
OPTICAL PROPERTIES OF THE NORMAL EYE 


(a) Refraction 

752. By the refraction of the eye we mean its optical adjustment when in 
the state of rest—i. e., in the absence of any accommodative effort. The optical 
adjustment of the normal eye is correct, i. e., parallel rays impinging upon 
the cornea are united so as to form a sharp image upon the retina. The 
retina, therefore, is situated at the principal focal distance of the dioptric 
apparatus of the eye, and thus constitutes its focal plane. Such a refractive 
condition is called emmetropia,! E (Donders). 

[True emmetropia is rare. Nearly all very young children are hyperopic, and the 
proportion of emmetropia increases during the growing period. Thus in 4800 school 
children the proportion of emmetropes was found to be 4 per cent, the percentage being 
0 at the age of 5 or 6, 0.5-1.0 before 9, and 7 at the age of 12 (Tenner).—D.] 

In order to follow the passage of the rays through the refracting media 
of the eye we must know precisely the curvature of the refracting surfaces, 
their distance from each other, and the index of refraction of the individual 
refracting media. On the basis of these data we can by a complicated 
calculation find the path of the rays from one refracting surface to the 
other and ultimately to the retina. In order to facilitate this calculation 
for practical purposes, Donders has devised a simplified schematic model, 
the reduced or schematic eye (Fig. 362). This has an axial length of 20 mm. 
(h b) and consists of a single refracting substance, which has an index of 
refraction of 3, and the anterior surface of which has a radius of curvature 
of 5mm. Hence, the center of curvature (k) lies 5 mm. behind the refract- 
ing surface and 15 mm. in front of the retina, which is at a distance from 
the former equal to the principal focal distance of the eye (20 mm.). Since 
there is only one refracting surface, its center of curvature coincides with 
its nodal point (nodal point of the eye)—i. e., with the point having this 
property that all rays passing through it (‘principal rays’’) undergo no 
refraction. 

This schematic eye varies from the normal human eye, the principal 
focal distance of which [measured from its posterior principal point] isalittle 
over 21 mm. while that of the schematic eye is assumed to be 20 mm. 
Moreover, since the lens is left out of the latter, we must, in order to get a 
sufficient refractive power, make the radius of curvature of the anterior 
refracting surface correspondingly smaller (5 mm. as opposed to 7.5 mm., 
which is the mean value of the corneal radius). However, calculations in 


1 From éuperpos, in due measure, and oy, sight. 
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_Tegard to the size of retinal images, of diffusion circles, etc., which are made 
upon the basis of the schematic eye, give results which approximate very 

closely to those found for the real eye. Hence, for practical purposes the 

schematic eye can without hesitation be made the basis of calculation. 


The calculation which the ophthalmic practitioner has most frequently to make 
concerns the size of the retinal image of a given object. To do this the size of the object 
and its distance from the eye must be known. We find the retinal image of an object 
by drawing from the terminal points, 0, 01 (Fig. 362), of the latter the principal rays — 
through the nodal point, k, to the retina, which they meet i: 6 and b). Accordingly, 
b by is the retinal image of the object o 01. The triangles o 0; k and b b; k are similar; 
oaxbk 
ok 

B, that of the object (0 0:) O, and the distance of the latter (o k) from the eye FE, then 
OX15mm. : : : 

B=-—- ae The size of the retinal image is therefore directly proportional to the 


hence, 6 b;: 0 0. =b k: 0k, and so bbi= - If we call the size of the images (b bj) 


size of the object and inversely proportional to the distance of the object from the 


b 
0 h b 


0, 
Fic. 362.—Repucep (ScHEemMaATic) Eye or DonpERs. 

eye. E. g., a rod 1 metre high placed at a distance of 15 metres from the eye would 
1,000 .X15 mm. : : 
POT ano -=1 mm. This rod, if approx- 

15,000 mm. 
imated to one-third of the distance—i. e., 5 metres—would give a retinal image of 
1,000 mm. X15 mm. 

5,000 mm. 
is often applied in order to discover the size of a diseased area of the retina, correspond- 
ing to which is a scotoma in the visual field, whose size can be determined, by examina- 
tion. The scotoma is then regarded as the object for which the size of the retinal image 
is calculated. 


give a retinal image whose altitude B = 


=3 mm. or three times as great as before. This sort of calculation 


(b) Visual Acuity 

753. The smaller the objects that an eye can distinguish or the greater 
the distance at which it can distinguish an object of given size, the greater 
is the acuity of vision that it possesses. Suppose, for instance, that the 
eye is able just to distinguish the object ab (Fig. 363) at the distance ak. 
Another better eye stiil distinguishes the object when it is carried twice 
as far off, to the distance a, k. The size of the retinal image a Bi is in 
this case reduced to half of that in the former (a 8)—that is, the visual 
acuity of the second eye is twice as great as that of the first. Instead of 
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carrying the object a b twice as far off, we may leave it at the same spot 
but make it half as small (a bi1). In this case, too, the size of the retinal 
image would be reduced one-half. In either case, therefore, a retinal image 
of the same size is obtained, and that, moreover, because the angle »v 
remains the same. This angle is subtended by the rays which pass from 
the terminal points of the object through the nodal point of the eye to the 
retina. It is called the visual angle (angulus visorius), and is the true 
measure of the visual acuity. For estimating the visual acuity—i. e., the 
minimum visual angle—there are from the above example two ways open 
to us, both of which are made use of. We may take an object of given size 
and carry it off with us from the eye until the farthest pomt at which it 
can be recognized is reached. This, for instance, is done when we try to 
find at what distance an eye is able to count the fingers when extended. 
The second way consists in conducting the test at a constant distance, 


5, 


Fie. 363.—BEHAVIOR OF THE VISUAL ANGLE WHEN OBJECTS VARY IN SIZE AND Distance. 


objects of different size being presented to the eye and the attempt being 
made to find the minimum size which the object can have and still be 
recognized. This method is employed when we test the visual acuity with 
test types. 

In estimating the vision, just as in estimating the refraction, the 
influence of the accommodation must be excluded, for which reason the 
object used.must be placed at a distance at which no accommodation of 
any notable amount is required, i. e., at a distance of 5 to 6 metres. 

764, Tests of Visual Acuity.—What objects are best adapted for 
testing the visual acuity? A single dot, the distance of which from the eye 
is altered, is unsuitable because the visibility of a dot depends less upon 
the visual angle which it subtends than upon its luminosity. The fixed 
stars, radiant as they are, are nothing but mathematical points even when 
seen with the most powerful telescope; they have, therefore, a visual angle 
equal to zero, and yet they are seen very clearly. Every one can recall 
that a cross upon the top of a church spire, when sparkling in the luster 
of the setting sun, was seen at distances at which the church spire itself 
was scarcely distinguishable. Hence we select for the test not one but 
two dots (or two parallel lines) and then determine the greatest distance 
from the eye at which they can still be perceived as separate objects. 
From this can be readily calculated the minimum visual angle, which for 
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a normal eye amounts to about 1’. On the basis of this determination 
Snellen has constructed his test types. Snellen’s test types are placed at a 
distance of 6 metres. They consist of letters of varying size arranged in 
rows. Each row contains letters of the same size, and has a number in- 
scribed over it. This number gives the distance in metres at which the 
separate letters of the row appear to a normal eye under a visual angle of 5’. 
For example, this is the case with the letter F of the row with the super- 
scription 12, when placed at a distance of 12 metres. Like all the other 
letters of the test card, it is inscribed within a square, whose sides are 
divided by partition lines into 5 parts each (Fig. 364). If, therefore, at 
12 metres the whole square appears under an angle of N? 12 
5’, the angle for each partial square is 1’. This is the 
minimum visual angle for the normal eye, and since the 
partial squares correspond to the details of the letter, 
these details consequently will still be made out by a 
normaleye. Hence the numbers standing over the letters 
give the distance at which each entire letter appears under Fic. 364.—A Lerrer 
2 : FROM SNELLEN’S 
an angle of 5’, and its details appear under an angle — Tusr Carp. 
of 1’, and is thus the distance at which each row of letters can be made 
out if the vision is normal. If the distance at which the letter can be seen 
is greater or less than that indicated, the vision is greater or less than 
normal. The vision, therefore, may be expressed by the ratio between 
the distance d, at which the letter is actually recognized, and the distance 
D, at which it ought to be recognized, and which is inscribed over the 


letter—i. e., s-* (where S stands for sight—denoted also by V =visus, 


or vision). Hence, an eye that sees the letter F (Fig. 364) at 12 metres 
has S=i3=1. As a general thing, however, we make the person under 
examination stand always at the same distance from the card—namely, 
6 metres. If at this distance he distinguishes the lowermost row which 
has 6 written over it, he has S=¢=1; but if, for instance, he distinguishes 
only the uppermost letters, No. 60, S=a0.2 This is equal to zo of the 
normal visual acuity, but we always write the fraction in full without 
reducing. . 
Many test types have been constructed on the principle enunciated 
by Snellen, so that unity in the denotation of the visual acuity has been 
lost and with it any plan admitting of general comprehension. To restore 
these features, the International Ophthalmological Congress in Naples in 
1909 adopted the test types constructed by Hess for the purpose and 
have pronounced them international. The international test types are 
20 


i istances { srally-expressed in feet—i. e., V= 
2{1n this country and in England the distances are generally expressed in feet—i. e., J 90° °F 


20 


means that a patient at 20 feet saw the line marked 20.—D.] 
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designed for a distance of 5 metres because a space of 6 metres as demanded 
by the Snellen types is often not at the physician’s command. The visual 
acuity found is expressed in decimals. These are placed alongside the 
several lines and denote the visual acuity which must be present if the 
two figures on the line are read at a distance of 5 metres. This means 
that, for example, the figures on the line marked 1.0 are seen under an 
angle of 5’ at 5 metres and their details appear under an angle of 1’, which 
just represents the degree of visual acuity that is regarded as normal. For 
number 0.5 this would be the case at 10 metres. if, however, one must 
bring the card up to 5 metres in order to recognize the figures on the line, he 
would need for this purpose twice as large a visual 
angle, and would therefore have only 0.5 of the nor- 
mal visual acuity. This way of denoting the visual |, = til 
acuity differs from that of Snellen only in the fact 
that instead of a vulgar fraction the equivalent 
decimal fraction is written, e. g.. V=0.5 instead [ = AT — 
of V=iz. The plate annexed [Fig. 365] is a repro- 
duction of the international test types reduced one- | Mm = 
third. Beside figures it also contains the rings pro- 
posed by Landolt. [Analogous to the latter are the old 
E-shaped figures which are used for illiterates and SAamame 
children. (See Fig. 366.) These have the advantage |. ewameuwa 
that they are more readily understood, especially by |. Ae ie A 
children, than those of Landolt and that by turning ee ee 
the card upside down or horizontally entirely new 
combinations of symbols are produced.—D.] ma Ga 
When the vision has become so reduced that iuimpmarss, Repvenp 
the largest letters of the test card can no longer be 
recognized at 6 or 5 metres, the patient must go up nearer to it, or we 
select, instead of letters or numbers, objects that are easier to distinguish— 
e. g., the outspread fingers—and try to find at what distance they can 
be counted. When the visual acuity is still worse, nothing can be distin- 
guished but the movements of the hand before the eye. When even this 
is no longer the case, so that the eye simply distinguishes light from 
darkness, we say that qualitative vision is lost and that only quantitative 


Ew a3 


‘ vision—i. e., mere perception of light—is present. 

[Of particular importance are the tests of the vision in case of obstruc- 
tion in the refracting media (corneal opacity, cataract). The vision] must 
correspond approximately to the amount of dioptric obstruction that is 
visible. When the opacity is so dense that only quantitative vision is 
present, the latter is to be tested with a candle flame. We darken the room 
and station ourselves with a lighted candle opposite the patient. Now, 
by alternately holding the hand in front of the light and then withdrawing 
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it, we test whether the patient can tell aright the change from light to 
darkness. We first make this test near by, and then withdraw farther and 
farther from the patient, so as to find the greatest distance at which he is 
still able to distinguish between the alternation of light and darkness. 
The degree of direct perception of light is thus determined. With regard 
to it we may say that the quantitative perception of light in the center 
and at the periphery is not abrogated by even the densest opacity. If the 
retina ard optic nerve are sound, the glimmer of the candle must be recog- 
nized in a darkened room at a distance of at least six metres, and it should 
also be seen by the patient on all sides of him and its place be correctly 
given (see page 115). If this is not the case, the percipient portions of 
the eye are not normal [cf. § 855]. 


Kiichler, in 1843, and Arlt, in 1844, were the first to introduce letters of different 
size (measured in lines) as a standard for determining the visual acuity. Ten years 
later Jiger published his scale of types, which soon acquired general acceptance, and 
which even at the present time is frequently employed. Practically these are very 
useful, since they present a great number of successive grades in the size of the letters; 
the objection that they are not arranged upon any scientific principle has been met 
recently by the issue of a modified set of them. 

The test types most extensively empioyed are those of Snellen. Snellen based 
them upon the assumption that the minimum visual angle for a sound eye amounts to 
1’, so that No. 6 of the test types, the details of which appear under an angle of 1 at 
6 meters, can still just be read at this distance. He therefore assumed S=* as the nor- 
mal visual acuity. But we are not to suppose that this is absolutely the greatest visual 
acuity that there is. Most eyes in young persons see No. 6 at a greater distance, as far 
as 12 metres or even farther, so that they may possibly have S=12=2, or more. 
S=#isaccordingly to be looked upon simply as the minimum to be required of a normal 
eye; if the visual acuity sinks below this minimum, the eye is no longer to be considered 
as perfectly normal. The eyes of very aged persons are an exception, as such people 
even without any disease show a visual acuity less than 8. [At between 60 and 70 the 
normal vision in non-cataractous eyes may be taken as °—3, after 70 as 4—2.—D.] 
The cause of this lies mainly in the lessened transparency of the refracting media 
at an advanced age, and more particularly in the very dark-colored nucleus and unequal 
refractivity of the lens. 

In order that persons who have a vision S>® may not have to go beyond a dis- 
tance of 6 metres, Snellen’s cards are provided with still smaller letters—namely, with 
the numbers from 5 to 2. These, moreover, can be used for those cases in which the 
physician does not have a room 6 metres in length but has at his command one of, say, 
only 5 or 4 metres. For persons who cannot read, there are cards with figures and 
with hooks. [See Fig. 366.]| The international test types to indicate a visual acuity 
> 1 have numbers 1.5 and 2.0, 

[If the examining room is only 9 or 10 feet long, the distance ean be doubled by 
placing the test card back of the patient and making him look at its reflection in a mirror 
at the opposite end of the room. In this case the card must have no symbols but those 
whose legibility is unimpaired by mirror reflection (T, X, 8, etc., or those shown in 
Fig. 366).—D.} : 

The sllumination must be considered in making the tests for vision. Artificial 
illumination is the best one for the letter card, because it ean always be made of the 
same strength, while the illumination produced by daylight varies according to the 
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weather and the hour of the day. On a dark day we must correct the result obtained 
from the patient by our own visual power. If a physician, who with good illumination 
has S = (International 1.0), sees on a cloudy day only 75; (International 0.5), the visual 
acuity of the patient found upon the same day must also be doubled. [This, however, 
would not answer if the patient had hemeralopia (see page 634).—D.] 


755. Absolute and Relative Visual Acuity—To know the absolute 
visual acuity of an eye we must test it in a condition of emmetropic refrac- 
tion and with the accommodation completely relaxed. If the eye under 
examination is not emmetropic but has an error of refraction, it must 
first be corrected by glasses up to the point of emmetropia (EZ). The 
visual acuity, which an ametropic eye shows without glasses is its relative 
visual acuity, and furnishes no measure whatever of the general usefulness 
of the eye for vision. : 


[This distinction must be borne in mind when we are testing the sight in a case of 
eye disease. As De Schweinitz well says, we shall often be misled as to the progress of 
disease and its effect on the sight, if, as is too often done, we test the visual acuity 
without attempting to correct as far as we can any existing error of refraction. In 
iritis, for example, in which a temporary myopia of 1 or 2 D may develop, we shall get 
the erroneous impression that the vision has deteriorated greatly if we test the case 
without applying concave glasses. 

Although the relative visual acuity (i. e., the acuity of the uncorrected eye) is 
not ordinarily an index of the usefulness of the eye, since in most occupations glasses 
can be used, ‘yet there are certain conditions in which a low relative acuity is a handi- 
cap. Thus the exigencies of certain occupations require that there shall be good vision 
without glasses. This is particularly true of the military and naval service. Except 
for the Marine Corps, in which a vision of +§ without correction, brought up to zo With 
glasses, is required, and except for certain non-militant Sa the United States 
Navy requires of candidates for admission a vision in each eye of 20 without correction; 
and gun-pointers must have 7% without BUTTERS in the sighting eye. The Army 
requires 7% uncorrected vision in the right eye and Too in melee, except for the ord- 
nance and hospital corps, in which 7$ in each eye, corrigible to 79 with glasses, is allowed. 
(For obvious reasons in both services persons are excluded who are color-blind or have 
diseaseoftheeyes.) In other occupations, too, e.g., the railway service and manufacturing 
of various'kinds, in which glasses are constantly obscured by dust, grease, and moisture, 
they are a handicap, and those who do not see well without them are at a disadvantage. 
Moreover, a strong glass particularly a strong cylindrical glass, if decentered or tilted 
causes distortion or prismatic deflection (see pages 835 and 837), and hence produces 
asthenopia and confusion unless the patient is careful tokeepit constantly adjusted.—D. | 


756. Visual Acuity at Near Points.—In determining the visual acuity 
for near the accommodation comes into play and must receive considera- 
tion accordingly. The testing of vision for near is eps with fine print, 
especially with the lower numbers of J ‘iger’s or Snellen’s test types. In 
doing this, we try to determine two distinct things namely, what is the 
smallest-sized print that can be read, and what is the least and the greatest 
distance at which it is legible. From the minimum distance at which the 
print can be seen we estimate the accommodation of which the eye is 
capable [although this is better and more accurately tested in another 
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way—see page 857], while the maximum distance depends upon the refrac- 
tion and the visual power of the eye. It is evident from Fig. 363 that, the 
farther an object is from the eye the smaller is its retinal image, and hence 
the greater will be the visual power requisite for its recognition. Con- 
versely, the retinal images enlarge as the object is approximated to the 
eyes. Hence, the smaller the objects are, the nearer we hold them to the 
eye. Very myopic eyes often have defective visual acuity, and yet pass 
among the laity as being excellent because they can distinguish extremely 
minute objects. But the only reason for this is that myopes are able to 
hold objects extremely close. Again, persons with diminished visual acuity 
like to bring objects up extremely close, so as to get quite large retinal 
images from them, and in this way make up for what the images lack in 
distinctness or the retina lacks in sensitiveness. Such persons are often 
wrongly regarded as very myopic. | 


(c) Accommodation 


757. Diffusion Circles.—Suppose that we hold an open book at a 
distance of about 40 cm. from one eye and the point of a pencil at about 
half this distance between the book and the eye, the other eye in the mean- 
time being kept closed. We can soon convince ourselves that the print of 
the book and the point of the pencil are never seen clearly at the same 
time. All that we can do is to see either the print or the point distinctly, 
and it takes some time to “focus” from one object to the other, and in 
doing this a change is felt to take place in the eye. This change is the 
accommodation, which is alternately thrown into a state of tension and 
relaxation, so that the optical adjustment of the eye is altered. 

Why is it that, when we have our gaze fixed upon the print, we do 
not see the pomt of the pencil before us distinctly? Because we see it 
in diffusion circles. What does this mean? If the eye (Fig. 367) is focused 
for the rays emanating from the book, B, they are united upon the retina 
at b. The rays coming from the point of the pencil (S), which is nearer, 
have a greater divergence, and hence if the condition of the refracting 
media remains the same, are simply rendered somewhat less convergent 
by the latter; they would therefore unite at s—that is, behind the retina. 
As a matter of fact, the cone which they form has its apex truncated by 
the retina. The section thus made, which represents the image upon the 
retina of the point s, is circular because the base of the cone—namely, 
the pupil—is circular; hence, we say that the point S appears upon the 
retina under the guise of a diffusion cirele. Why vision should be rendered 
indistinct by the diffusion circles is easy to understand. Suppose that 
there are two points so far distant from each other and from the eye that 
when the latter is accurately focused they appear as two separate punctate 
images upon the retina (Fig, 368 A); the points are then readily recognized 
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as two. But if, in consequence of the eye’s being incorrectly focused for 
the position of either point, a diffusion circle is formed upon the retina, 
the two circles, provided they are but a short distance from each others 
partly overlap (Fig. 368 B), and the eye imagines that it has before it 
only one elongated point. A line (Fig. 368 C), when seen in diffusion 
circles, does not look distinct, but appears broadened and hazy; for we 
may conceive a line to be composed of an infinite number of points placed 


Fie. 367.—The eye being focused for a certain distance, B, rays emanating from a nearer point, S, 
form a diffusion circle upon the retina. 


side by side, and if each one of these is seen as a diffusion circle, and the 
circles to a great extent overlap (D), the narrow line is converted into a 
broad band (E). 

Vision, then, is always in diffusion circles when the eye is not properly 
focused for the object of fixaton. This may occur not only through im- 
proper accommodation, as in the example selected, but also on account of 
faulty refraction, such as myopia or hypermetropia. All indistinct vision 
which is caused by an anomaly of refraction 
or accommodation is produced by diffusion B C E 
circles. The larger the diffusion circles are, 
the more indistinct is the vision. Wemust , 
therefore inquire upon what the size of the , Mi, 
diffusion circles depends: 

1. The diffusion circles get larger in 
proportion as the focus of the rays ema- 
nating from the object get further from the retina. Suppose (in the 
instance above adduced) that the eye is focused for the book, so that 
the point of the pencil (S, Fig. 369) appears in diffusion circles. If, now 
a second object, P, is brought between the book and the eye and nearer 
to the latter than S is, the adjustment of the eye for this object will vary 
more widely even than in the case of S from the condition requisite for 
distinct vision—that is, the rays will intersect still farther behind the 
retina at p, and the diffusion circle will be correspondingly larger. We 
may therefore say, the more faulty the adjustment the more remote from 
the retina is the point of union of the rays; hence, the further from the 
apex of the cone of rays is the intersection of this cone by the retina, and 
consequently the greater is the size of this intersection—namely, the 


Fie. 368.—Dirrusion Crrcies. 


diffusion circle. 
54 


/ 
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The other factor which influences the size of the diffusion circle is— 

2. The width of the pupil. The pupil forms the base of the cone of 
rays; the smaller it is the smaller will be the section of the cone, supposing 
the distance of this section from the apex to remain the same. If the 
pupil (Fig. 370) contracts from the size a a to the size b b, the diffusion 
circle of a point P will be at the same time reduced from a; a; to b}. When 
one of two equally near-sighted persons sees better at a distance with the 
naked eye than the other does, it is owing to the fact that the former has 
narrower pupils. Short-sighted persons often believe that they become 


Fig. 369.—VARYING S1zE OF THE Dirrusion CrrcLEs ACCORDING TO THE DISTANCE FROM THE RETINA 
OF THE Focus OF THE Rays. 


less near-sighted with increasing years because they see better at a dis- 
tance; but this is often simply due to the circumstance that their pupils 
diminish in size with age. Far-sighted persons who are compelled to 
read close to them without convex glasses try to get as brilliant an illumi- 
nation as possible, so that their pupils may become very greatly contracted 
and thus diminish the size of the diffusion circles. The same object is 
secured to a still greater extent by placing a fine stenopzeic aperture before 
the eye. This allows only a very narrow beam of rays to pass, and reduces 


Fia 370.—VARYING S1zp Or THE DirrustoN CrrcLes WITH VARYING WIDTH OF THE PUPIL. 


the diffusion circles so greatly that they no longer exert a disturbing effect. 
If we repeat the experiment made above of attempting to look simultane- 
ously at the book and the pencil point, and while we are doing it hold a 
minute aperture before the eye, we see the print and the pencil point 
distinctly at the same time. By means of a stenopxie aperture myopic 
persons can see distinctly at a distance even without concave glasses. 

The pupil, being the base of the cone of light, determines not only 
the size but also the shape of the diffusion circle, which accurately mirrors 
the shape of the pupil. In this way it happens that persons with irregular 
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pupils (owing, for example, to posterior synechiz) are very well able them- 
selves to perceive these irregularities entoptically. 

768. Accommodation and its Mechanism.—Jn making the above ex- 
periment with the pencil and book, we feel that the eye is called upon to 
make an active effort when it is directed by a process of adjustment from 
the more distant book to the less distant pencil. In the same way, although 
not quite so distinctly, we feel a relaxation of this effort when adjustment 
is made for the book again. It may be concluded from this that the change 
of adjustment from a more distant to a less distant pomt is an active process 
—i. e., a muscular effort, which we call accommodation. On the other 
hand, the relaxation of the accommodation by which the eye is again 
adjusted for a greater distance consists in a relaxation of the contracted 
muscle. When in a state of perfect rest, the emmetropic eye is adjusted 
for infinite distance. This condition of adjustment we find existing when 
the ciliary muscle is completely relaxed, either naturally from paralysis 
of the oculo-motor nerve, or artificially from the use of atropine. 

The mechanism of accommodation was determined mainly by the inves- 
tigations of Helmholtz. It depends upon the elasticity of the lens, owing 
to which the latter always tends to approximate to the shape of a sphere. 
In the living eye the lens is inclosed in a capsule which is attached to the 
ciliary body by the fibers of the zonula of Zinn. These fibers are tightly 
stretched, and hence exert a uniform traction from all sides upon the cap- 
sule, so that the latter and the lens as well are flattened. The elasticity 
of the latter can make itself apparent only when the tension of the fibers 
of the zonula, and hence, too, of the capsule of the lens, is relaxed. This 
takes place most completely after division of the fibers of the zonula. 
When we remove the lens from the eye of a young person, we see it assume 
a spherical shape immediately upon the division of its connections. The 
same thing is observed in traumatic luxation of the lens into the anterior 
chamber. In the act of accommodation, the relaxation of the zonula is 
effected by the contraction of the ciliary muscle. It is the annular layer 
of fibers of the latter (Miiller’s portion; see Mu, Fig. 142) that is mainly 
of account in accomplishing this. When this fiber layer contracts, it 
lessens the size of the circle formed by the ciliary processes by approximating 
their apices to the border of the lens (shown by the black line in Mg. 371). 
In this way the space between the ciliary body and lens, that is bridged 
over by the fibers of the zonula, is contracted and the zonular fibers them- 
selves are relaxed. It is the task of longitudinal fibers of the ciliary muscle 
(Briicke’s portion; M, Fig. 142) to re-enforce the action of the circular 
fibers. The former have their anterior, fixed insertion in the corneo-scleral 
margin, while their posterior extremity loses itself in bey movable chorioid. 
By the contraction of these fibers the flat portion o1 the ciliary body and 
the most anterior portion of the chorioid are drawn forward, and thus the 
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relaxation of the fibers of the zonula which lie upon the surface of these 
structures is facilitated; but the main part of the work of accommodation 
always falls upon the annular fibers of the ciliary muscle, for which reason 
we find these fibers particularly well developed in eyes which have to 
accommodate a good deal—e. g., those of hypermetropes (see Fig. 384). 

By the relaxation of the zonula the tension of the lens capsule is 
diminished, so that the lens is enabled in conformity with its elasticity to 
assume a more curved shape. At the same time there is necessarily pro- 
duced a corresponding decrease in the equatorial diameter of the lens. 
The equator of the lens, accordingly, recedes inward toward the axis of 
the eye, and is thus kept from coming into contact with.the ciliary processes 
as they advance. 
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Fiac..371.—Scupmatic REPRESENTATION OF THE PROCESS OF ACCOMMODATION. 


; The relation of the parts when the accommodation is at rest is designated by the shaded por- 
tions, and the relation when there is an effort of accommodation, by the thick black lines In the 
drawing it looks as if the zonula fibers were running through the ciliary process. In reality the fibers of 
the zonula for the most part lie in the depressions between the ciliary processes, and hence tun to the 
lateral slopes of the ciliary process that is represented in the drawing. With these slopes they are 
connected by numerous fibers and hence, when the ciliary processes advance toward the sagittal axis 
of the eye, the zonula fibers are taken along with them and are likewise pushed inwards; and to a cor- 
responding amount the equator of the lens recedes toward the sagittal axis of the eye. Both surfaces 
of the lens become more curved and the anterior surface is advanced. The iris is ‘broader and at its 
pupillary border is displaced forward; at its ciliary border backward. 


{T'scherning believes, in opposition to Helmholtz, that contraction of 
the ciliary muscle causes a tightening, not a relaxation, of the zonula and 
that, consequently, the bulging of the lens in accommodation is produced 
by an active compression instead of a passive dilatation. But experiments 
seem to show that this theory is erroneous, and that the explanation given 
by Helmholtz and described in the text is the true one (Hess). 

The Helmholtz theory, however, does not explain all the phenomena 
of presbyopia (see page 861).—D.] 
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The increase in curvature affects both the anterior and the posterior 
surface of the lens, but the former to a [much] higher degree (Fig. 371). 
The posterior surface of the lens does not change its place in the fossa 
patelliformis of the vitreous, the increase in thickness of the lens being 
effected simply by the advance of its anterior surface. Hence, the anterior 
chamber becomes correspondingly shallower ; at the periphery alone is 
there a deepening of the chamber, inasmuch as here the iris recedes a little. 
The sphincter pupille and, if vision is performed with both eyes, the two 
internal recti also, contract in conjunction with the ciliary muscle. The 
act of accommodation, accordingly, is regularly accompanied by a con- 
traction of the pupils and a movement of convergence. 

759. Measurement of the Accommodation.—In order to measure the 
magnitude of accommodation we must determine its limits, which are 
defined by the far point and the near point. The far point (R, punctum 
remotum *) is that poimt for which the eye is focused when the accommoda- 
tion is completely relaxed. The near point (P, punctum proximum) is 
that point for which the eye is focused when the accommodation is strained 
to its utmost. 

In the emmetropic eye, with which alone we shall for the present: 
concern ourselves, # lies at an infinite distance, since the emmetropic eye 
when in the state of rest is focused for parallel rays. Such an eye, accord- 
ingly, can see the letters of the test card distinctly when the latter is hung 
up at such a distance (5 or 6 metres) that no accommodation worth con- 
sidering is required, so that this distance in practice is regarded as infinitely 
great. 

While the position of # is the same for all emmetropic eyes, that of P 
varies greatly. It is determined by bringing fine print closer and closer to 
the eye until the limit of legibility has been reached. Suppose, for example, 
this occurs at 10 cm. (P=10cm.). The space lying between R and P—i. e., 
in the example selected the space between © and 10 cm.—is called the region 
or domain of accommodation. But the extent of this space affords nomeasure 
for the amount of work done by accommodation; this, in fact, being meas- 
ured by the increase of refractive power which the eye undergoes in passing 
from the state in which the accommodation is at rest (2) to the state in 
which the utmost effort of accommodation is made (P). The amount of 
increase of refractive power is called amplitude lor range] of accommodation 


3 int ives its name because of the fact that for the emmetropic and myopic eye it 
is the Pe ane at wiled the eye can see distinctly. This definition, however, is not ee pce ce 
in hypermetropia, in which the far point lies behind the eye. If the a prea Writ is put er pie 
then in proportion as the hypermetropia is corrected by it, the point for which M e oe is a jus Be 
recedes from the eye until it has got out to infinite distance. If the accommodation is Kap aes e aoe) 

to adjust the eye for infinite distance (absolute hypermetropia), the near point, too, - ae e 
eye and in fact at a greater distance from Ay latter debe the bey ' = aero os ite 

i ‘ on of accommodation is resente Fig. 388 A. 8 
Roald bs oe ee ae nig D, its near point would be 50 em. behind the eye, and with a 
“en f Sen dahon of 4 D, it would be at infinite distance; i. e., in either case would be farther than 
Phe far point which lies but 25 cm. behind the eye. For this vase, therefore, the expression near point 
; 


is not very sensibly chosen. 
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(A), and is accordingly the difference between the refractive power of the 
eye when the accommodation is exerted to its utmost and when it is at 
rest—i. e., A=P—R. For R and P in this equation should be substituted, 
not their linear values, but the corresponding number of dioptries; these 
being, in fact, our measure of the refracting power. 


The method of determining the amplitude of accommodation requires some ex- 
planation which is best given by concrete examples. Let us assume the three following 
cases represented graphically in Fig. 372. 1. A young emmetrope whose far point lies 
at an infinite distance and near point at 10 cm. from the eye; 2. An older emmetrope 
whose R= oo and P =20 em.; and lastly, 3. A young myope, whose R = 10 em. and P=5 
cm. The region of accommodation—i. e., the space lying between R and P—is of a 
very different extent in these three cases. In cases one and two it is infinitely large, 
since it extends to an infinite distance, while in case three it amounts to only 5em. If, 
therefore, we were to reckon the work done in accommodation by the extent of the region 
of accommodation, we would arrive at the erroneous view that, with regard to the former 
as well as the latter, there is an enormous difference between the first two cases on the 
one hand and the third case upon the other. 
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Fia. 372.—Reaion or ACCOMMODATION, 
- 1, Ina young emmetrope; 2, an older emmetrope; 3, a young myope. 


But, as a matter of fact, the case is quite different, as can be gathered from the 
experimental test of the accommodation adduced above. Suppose that while we close 
one eye we hold before the other a book at a distance of 20 em. and a pencil point mid- 
way between the book and the eye—i. e., at a distance of 10 em. from the latter, We 
then first look out into space over the book, so that the accommodation is vompleteds 
relaxed, and then fix our gaze upon the print of the book. In so doing, we have a sense 
of accommodative effort in the eye. We now turn our glance from the book to ie 
pencil point, and endeavor to see the latter distinctly. If this is possible at all, it costs 
us a very considerable effort which will tax the energies of most persons se then 
does the effort required to adjust the eye from infinite distance to the book . Heads 
the act of changing the accommodation from 20 em. to 10 em. eet us at isext as mu di 
effort as the change from infinity to 20 em. From this it is lear: Chest te ae ae ‘anit 
fied in te’ ing the linear distance between the points of fixation as a measure of the 
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accommodative effort, and that, therefore, the region of accommodation can not serve 


as an expression of the work done in accommodation 
oe get a correct idea of the amount of accommodation that is called into play 
ut we take into consideration the increase produced in the refractivity of the eye by 
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the accommodation. This increase of refractivity is effected by an increase in the 
curvature of the lens, a thing which we can also conceive of as accomplished by the 
addition to the unchanged lens of a second, weaker convex lens. This “supplement- 
ary’’ crystalline lens (z, Fig. 373 A) represents the increase in refractivity, and would 
form the best measure of the accommodation. Now, of course, we can not determine 
the refractive power of this supplementary lens directly, but we can determine what 
glass placed before the cornea of the eye would produce the same increase of refractive 
power as would such a supplementary lens, conceived to exist in the eye. What pro- 
ceeding to adopt in doing this may be shown by case one of those assumed above (Fig. 


10a 


Fic. 373 A.—AccCOMMODATION REPRESENTED SCHEMATICALLY BY A “SUPPLEMENTAL”? CRYSTALLINE 
LENS, z. 


372). In this, when the accommodation is making its utmost effort, the refractivity 
of the eye is increased by the supplementary lens to such an extent that rays emanat- 
ing from P—that is, from a distance of 10 cm. from the eye—are united upon the retina 
(Fig. 373). We now paralyze the accommodation in this eye with atropine, so that the 
eye remains steadily focused for infinite distance, and try to find the convex glass with 
which the eye is enabled to see the point, P, distinctly. We find that for this purpose a 
glass, L, of a focal distance of 10 cm.=one of 10 D is necessary (Fig. 374). if this 
glass is placed in front of the eye—i. e., 10 cm. behind the point P—the latter will lie 
just in the principal focus of the glass.t The rays (p p, Fig. 374) emanating from P are 


L 


FT ees 
if 


10D 


Fic. 374.—Tue ACCOMMODATION REPLACED BY A Lens or Guass, L, SET BEFORE THE HYE, 


hence made parallel by the glass, and being so, are united by the non-accommodating 
eye upon its retina. The lens L, therefore, does the same work as the natural accommo- 
dation (represented by the supplementary crystalline lens, z), and can accordingly be 
taken as the measure of the latter. Accommodation measured in this way we call 
amplitude [or range] of accommodation. This, therefore, would be in the first case A = 
10 D. In the second case (Fig. 372, 2) as may be shown in the same way, A =5 D. 
Hence, in the emmetropic eye, A is expressed by the lens whose focal distance equals 
the distance of the near point from the eye; or A= P, when P is expressed in dioptries. 

What relation does A bear in the third case (Higma(2jee)c) blero 16 situated 
at 5 cm., and hence P=20D. But this value can not be regarded as the expression 
of the work done in accommodation, since the eye in question being short-sighted, 


ance of the iens from the eye, we should have to choose 
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a lens of shorter focal distance—e. g., if the dis 
amounts to 1 cm., one of 9 cm. 
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is, even when the accommodation is at rest, adjusted for a distance less than infinity 
—i.e., for 10cm. This eye, when its accommodation is at rest, acts like a non-accom~ 
modating emmetropic eye before which has been placed a lens of +10 D (Fig. 374). 
For this eye, therefore, we can say R=10 D. But when making its utmost accommo- 
dative effort, this eye acts like a non-accommodating emmetropic eye before which 
has been placed a glass of +20 D. Obviously, in order to determine the work done in 
accommodation—i. e., the increase in refractivity in passing from R to P—we must 
subtract from the value corresponding to P the value of R, or A=20 D—10 D=10 D. 
Hence, we may enunciate the following formula as representing the general law: 


A=P—R, 


in which P and R are expressed in dioptries. This formula holds good for all conditions 
of the refraction. For the emmetropic eye it is simplified by the fact that the latter, 
when the accommodation is at rest, is adjusted for infinite distance, so that R=0 D, 
and consequently A =P, as we found above. 

Let us take another survey of the three cases, and compare the region of accom- 
_modation with the range of accommodation. We find that the former is infinitely 
large in the first two cases, and only 5 cm. in the third case. Now, A in the first case 
is*10 D, in the second only half as great—i. e., 5 D—and in the third case again is as 
great as in the first. Accordingly, from the range of accommodation we get an entirely 
different and in fact a more correct conception of the work done in the accommodative 
act than we do from the region of accommodation. This is owing to the fact that 
different portions of the region of accommodation represent entirely different values. 
It takes as much accommodative effort to bring the accommodation from 10 em. to 
5 em. (case three) as to accommodate from infinity to 10 em. (ease one); the value in 
both cases being 10 D. This fact is in harmony with the sensations that we experience 
in our eyes when, in the experiment previously adduced, we look successively at infinite 
distance, at the book, and finally at the pencil point. Displacement of the accommo- 
dation through 1 centimetre of the region of accommodation is significant of an effort 
which is the greater, the nearer this centimetre is situated to the eye. 

The region of accommodation, however, gives us a good idea of the availability 
of accommodation. In case one the region of accommodation is so situated that the 
eye sees clearly at all distances which can be considered to exist in practical life. But 
in case three the region of accommodation lies so close to the eye that practically it 
has no value whatever; this eye would be no worse off without accommodation. (This, 
of course, holds good only upon the supposition that correcting glasses are not worn, 
as by these the location of the region of accommodation is shifted.) 


760. Determination of the Far and Near Points—The determination 
of the far point is synonymous with the determination of the refraction, 
for the latter is, in fact, the refractive state of the eye when focused for the 
far point. If we know the refraction R is determined too. 


The determination of the refraction is accomplished by means of the test card, 
hung up at 6 (or 5) metres. Emmetropia (R= ©) is present if the smallest number 
which the eye that is being examined can see at all is distinguished with the naked eye 
but is made dimmer at once by the weakest convex glass. If the letters on the test card 
are seen as well with convex glasses as with the naked eye or are seen better, there is 
hypermetropia (£ is at a finite distance behind the eye); if they are seen better with a 
concave glass there is myopia (R is at a finite distance in front of the eye). In both cases 
it is then necessary to determine the correcting glass whose focal length is equal to the 
distance from the eye. [A hypermetropia can be persistently masked and a myopia 
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persistently heightened by the accommodation, so that the refraction and therefore the 
precise situation of R cannot in the majority of cases be determined without, paralyzing 
the accommodation with atropine or homatropine. See pages 866, 881, 901.—D.] 


The near point is determined by the low numbers of the reading tests, 
which are brought up to the eye until they cease to appear distinct. [A 
better test-object is the accommodation disk (Fig. 375). The disk is 
approximated to the eye until the black line on it which is 0.2 mm. in 
diameter begins to grow faint. The distance at which this occurs is meas- 
ured with a rule graduated in em. and D (Prince’s rule). The measurement 
is preferably taken not from the eye itself but from its anterior focus (13 
mm. in front of the cornea), as this is the point where glasses that are 
designed to replace and hence to measure the . 
accommodation are placed. Except in the case 
noted in the next paragraph, the eye is pro- 
vided with the full correction, i. e., is rendered 
emmetropic, so that R=0 D and P (read off 
in D) gives at once A or the total range of 
accommodation.—D]. 


When P has receded to such a distance from the 
eye that smal] objects like fine print appear under too 
minute an angle, and hence can not be seen distinctly at 
all, the following expedient is adopted: We place be- 
fore the eye a convex glass—e. g., one of 3 D, by which 
near vision is rendered distinct—and then determine 
the near point. This is found to be, say, 25 cm. The [Fra. Sr reaction Disx. 
refraction corresponding to this distance is 4 D, from ; 
which, in order to learn the actual near point, we must subtract the 3 D supplied by 
thelens. Thus P=4 D—3 D=1 D=100cm. [If with such a convex addition the test 
object (accommodation disk) is carried away from the eyes until it blurs, we can likewise 
determine R. Suppose, for example, that with a +4 D before the eye the disk line just 
begins to blur at the point on the Prince’s rule marked 4.50. Then R=4.50— 4,00 = 
+0.50; i. e., there is 0.50 D myopia. If the line had begun to blur at the point marked 
3.25, R would have been 3.25—4.00 = — 0.75; i.e., there would be 0.75 D of hyperopia. 
lf R and P are both taken in this way the range is given directly. Thus if with +3.00 
added, R is at 3.50 and P is at 5.00, A=1.50. This method is particularly valuable for 
determining the residual range when the eye is wholly or partly under the influence of a 


cycloplegic (see page 901).—D.] 

761. Relative Accommodation.—In the course of our considerations in regard to 
the accommodation hitherto, we have started from the assumption that vision is per- 
formed with only one eye. When the two eyes are employed simultaneously the con- 
vergence as well as the accommodation must be taken into account. These two func- 
tions go hand in hand. When our gaze is fixed upon the distance, A =0, and the visual 
axes are parallel—i. e., the convergence, too, is in a state of rest. When we look at a 
near point—e. g., one situated at a distance of 29 em.—we are compelled both to accom- 


modate and to converge for this distance. Hence, through constant practice an inti- 


mate connection is effected between accommodation and convergence, so that with any 
given accommodation the corresponding effort of convergence is always made, and vice 


versa. 
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This connection, however, is not one that is rigid and insusceptible of change. 
On the contrary, we have the ability of emancipating ourselves from it within certain 
limits—that is, while in the act of converging for a certain distance, of making a little 
more or a little less accommodation than corresponds to this distance. A man is made 
to fix his gaze upon fine print at distance of 33 cm. Now, let us suppose that the sub- 
ject is emmetropic and thus has his far point (R) at infinity, while P is situated at 10 


Ro 70D 


Fia, 376.—Scnematic RepRESENTATION OF RELATIVE ACCOMMODATION, 


em., which corresponds to a range of accommodation (A) of 10 D (Fig. 376). Of this 
range of accommodation 3 D (100 +33 =3) will be employed if the subject is converg- 
ing for a distance of 33 em. (=3 metre angles, see page 722). Now, a concave glass of 
1 D is placed before each eye. The subject will for the first moment have obscuration 
of vision, but will soon see distinctly. He has compensated for the diminution of the 
refractive power of this eye, caused by the —1 D glass, by exerting 1 D more of his ac- 
commodation. But the convergence meanwhile remains unchanged—i. e., it is still ad- 
justed for 33 cm. The same phenomenon occurs when, instead of —1 D, a glass of +1 D 
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is placed before the eye. The refractive power of the eye is made too great by the con- 
vex glass, and this is neutralized by the eye’s relaxing its accommodation through 1 D. 
In this way we can bring stronger and stronger convex and concave glasses successively 
before the eye until finally we come to those with which distinct vision is no longer 
possible. We thus find the limits within which the accommodation may be augmented 
or relaxed, the convergence remaining the same (relative accommodation). 

In the exampie selected, suppose that the subject is able to see distinctly at a 
distance of 33 em. with a convex glass of 2 D. This corresponds to a relaxation of his 
accommodation from 3 D to 1 D—that is, his relative far point, Rj, lies at a distance 
equivalent to 1 D, or 1 metre, from the ye. Suppose on the other hand, that the sub- 
ject with the same degree of convergence overcomes concave glasses of 3 D, a thing 
which is effected by an augmentation of the accommodation from 3 to 6 D; hisrelative 
near point, Pj, then is at a distance equivalent to 6 D=17 cm. The relative range of 
accommodation 4;=P,—R,;=6D—1D=5D. This is the relative range of accommoda- 
tion for a convergence of 33 cm.; for a different convergence the relative near point, far 
point, and range would be different still. On the other hand, there is only one absolute 
far point, near point and range of accommodation. 

The range of relative accommodation is divided by the point upon which con- 
vergence is made into two segments. One lies upon the proximal side of the point of 
fixation, and thus in the example selected extends from 3 to 6 D. It represents the 
amount of accommodation which, if necessary, one can still press into service while 
keeping the convergence the same—i. e., it represents the amount of accommodation 
which one may be said to have in reserve. It is hence denoted as the positive portion 
(4+, Fig. 376) of the relative range of accommodation. The other segment lies on the 
distal side of the point of fixation, and in our case extends from 3 to 1 D. It is the 
negative portion of the relative accommodation (—, Fig. 376). Hence, with a conver- 
gence of 33 em. the positive portion of the relative accommodation amounts to 3 D, the 
negative portion only to 2 D. 

[It is usually held that it is impossible to use the eyes continuously except for a 
distance at which the positive portion of the accommodation is at least as great as the 
negative, since otherwise the patient is using too much of his total accommodation, Le., 
working too near the limits of his capacity. This statement holds good for young sub- 
jects at most, As a man grows older, more and more of his accommodation becomes 
latent (see page 862) and even when working at his near point he is not using anywhere 
near all of his ciliary power, i. e., is not near the limit of his working capacity. It is 
true that persons of any age often experience a good deal of discomfort in working at 
close ranges, but this is due in most cases not so much to accommodative fatigue as 
to fatigue of the converging muscles.—D.] 


CHANGES OF THE ACCOMMODATION WITH AGE 


762. The accommodation diminishes with age, and this diminution is 
manifested by acontinuousrecessionof thenear point. The diminution in the 
accommodation can not be referred to the decrease in the power of the muscles 
in general and the ciliary muscle in particular, occurring in old age, for it be- 
gins in youth, and probably even in childhood—that is, at the time when the 
muscles are still gaining instrength. In fact, the cause of the diminution of 
the accommodation lies in the gradual decrease of the elasticity of the lens. 
This, again, stands in causal connection with the condensation of the lens due 
to loss of water and leading to a process of sclerosis that begins in the center 
of the lens (formation of anucleus). The harder the lens becomes in virtue 
of this process the more its elasticity is impaired, so that even after the 
zonula is released the lens becomes less and less able to change its shape. 
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The state of the accommodation at different ages is shown in Fig. 
377 and the accompanying table. 


Normal limits of the accommodation in D, near point being measured from the anterior 


focus of the eye, i. e., from a point 13 mm. in front of the cornea. 


Usual Upper 


Extreme Upper 


Age Lower Limit Mean Value Limit 
8 ile 13.8 ; 16.4 
9 11.6 13.6 5. 16.2 

“10 11.4 13.4 5. 16.0 

11 11.2 13.3 6 15.8 
12 ld 13.1 15.6 
13 10.9 12.9 5 15.4 
14 10.8 12.7 15.3 
15 10.7 12.6 ; 15.2 
16 10.5 12.4 ey 14.9 
17 10.3 12.2 3.7 14.6 
18 10.1 11.9 3.5 14.4 
19 9.9 117 13.2 14.2 
20 9.7 145 13.0 14.0 
21 9.4 11.2 12.8 13.7 
29 9.2 10.9 12.6 13.5 
23 8.9 10.6 12.3 13.2 
24 8.7 10.4 12.1 13.0 
25 8.4 10.2 11.8 12.7 
26 8.2 9.9 11.6 12.4 
27 7.9 9.6 3 12.1 
28 7.6 9.4 oh 11.8 
29 73 9.2 0.7 11.5 
30 Tall 8.9 10.4 | 11.2 
31 6.7 8.6 10.2 | 10.8 
32 6.4 8.3 9.9 | 10.5 
33 6.1 8.0 9.6 10.2 
34 5.9 Ms 9.2 9.9 
35 5.6 73 8.9 9.6 
36 5.3 71 8.6 9.4 
37 4.9 6.8 8.2 8.9 
38 4.6 6.5 7.9 8.6 
39 43 6.2 76 8.2 
40 3.9 5.8 7.2 7.8 
41 3.6 5.4 6.8 7.5 
42 3.2 5.0 6.4 7.0 
43 2.8 4.6 5.9 6.5 
44 2.5 4.2 5.5 6.1 
45 2.2 3.7 5.2 5.6 
46 1.9 3.3 4.8 5.1 
47 1.7 2.8 4.3 4.5 
“48 1.5 2.5 3.9 4.0 
49 1.3 29 3.4 3.4 
50 1.2 2.0 3.0 3.0 
51 ie 1.8 26 2.6 
52 1.0 1.6 23 2.3 
53 0.9 16 21 2] 
54 0.9 iter 20 20 
55 0.8 18 1.9 19 
56 0.8 12 1.8 LS 
57 0.8 1.2 17 17 
a 0.7 1.2 Le 17 
59 0.7 11 1.6 1.6 
t . 
io 0.7 1 1.5 1.5 


The diminution in the range of accommodation goes on from youth to 
age with perfect uniformity and not by sudden advances. It begins to be 
troublesome when the near point has receded so far from the eye that the 
finer kinds of work, and especially the reading of fine print bucatte diffi- 
cult or impossible, so that there develops a desire for glasses. This is the 
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case when the near point recedes beyond one-third of a metre (A = 3 DF 
i. e., between the ages of forty-five and fifty. This is the period, therefore, 
to which we assign the beginning of presbyopia’. 


Age s 2 16 2 2 28 $2 36 40 44 48 62 §6 60 G4 «8. 72. 
5d) 


d 


: aia Oe Pa aie 
Jo). Ss iE Se Sa 


~ 11 NI 

a Wie ms Ree eis 
5. NGS Se ae 

ee ie eae 
Sane ee 
ie ETON ANGIE - 4 i 
a ES ea RICE 
ZXeSNa . 
| [eal al al Ch 

; Ba 
’ elias 
50 

= ae eee 
ep 100 

1 A 
0 ie,9) 


Fic. 377.—Rance or AccomMMODATION AT DirreRENT Aaus. After Donders, amended by Duane. 
1G, — d 


a ive the strength of the lens, which placed before the emmetropic 
ee Ge tee ae of the soran (i.e., placed at the anterior focus of the ers 
ada a modation of the eye at the given age, and hence is equivalent to the accommoda: 
ean replace the nis ae increase of refractivity in the eye which the latter produces. These a peib re 
Cee seme a a e of accommodation of the eye. The right-hand numbers give the foc al * 
Senay ah i i a em. The distance of the near point from the apex of the cornea is foun wy. 
rances pita ania ook of the lens its distance from the cornea (i.e., 13 mm.). Obviously no single 
eee es han rogress ‘of the range of accommodation from youth to age, in one and the pee 
observer can 3, che! Bh of accommodation can, therefore, be found only by determining it in a ares 
er ucres with normal eyes, at different ages and taking the mean of the observations. is 
number of a ie . DD which indicates the mean position of the near point from the anterior soeus 
Bead aa oh range of accommodation in D, of an emmetropic eye at diferent ages. 1e 
of the eye ey he iF rakes fad the line CC the ordinary miximum, and the line BB the extreme Te 
ase get igpaele modation that have been found in the individual cases. They pear eh 
pe ee ae oF Serpe Wott the position of the near point and hence too the accommodation can ae 
Spot e euis we ia ohn accommodation which in any given subject persistently falls below the 
Pee a iaaienied bt AA for his age, must be considered as pathologically weak.—D.] 


> From apéaBus, old man, and Sy, sight. 
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According to Helmholtz accommodation is produced by a passive expansion of the 
lens due to an active contraction of the ciliary muscle. The more the muscle contracts, 
the more the lens expands. But after the lens has reached the limit of its expansion, 
further contraction of the ciliary muscle produces no appreciable effect. Hence we 
may divide the ciliary energy into two parts—one producing an effect noticeable in ac- 
commodative effort (manifest energy), the other producing no effect (latent energy). 
Obviously, the less able the lens is to expand,—i. e., the older the subject, the less mani- 
fest ciliary energy will be required and the greater will be the amount that is latent. 
Thus suppose we have three persons, aged respectively 15, 25, and 40, having, all three, 
an amount of ciliary muscle energy, which if unrestricted would produce an accommo- 
dative effect of 20 D. Owing now to the differing states of their lenses, the first has an 
accommodation of 15 D, the second of 10 D, and the third of 5 D, so that the amount of 
latent or unused energy is 5 D in the first, 10 D in the second, and 15 D in the third. 
Suppose further that we paralyze the ciliary muscle in all three by a gradually acting 
poison like homatropine. If the Helmholtz theory is correct, this will have to abolish 
all the latent ciliary energy before it produces any effect on the accommodation that 
we can appreciate. It should then have a very different effect on the three persons. 
In the first it should show its effect early since there are only 5D of latent ciliary energy 
to be abolished. In the second, it should occur much later, and in the third later still 
or perhaps hardly be noticeable at all. Now as a matter of fact, repeated experiments 
show that the paralysis of accommodation will begin to be apparent at about the same 
time and will advance at the same rate in all three.—D.] 


Presbyopia is not a disease, but a physiological process which every 
eye undergoes. Persons who are presbyopic push the book farther away 
from them, like to avoid fine print, and pass over the footnotes. Reading 
at night gives them special trouble, because the pupils dilate owing to the 
enfeebled illumimation, and hence the diffusion circles are larger. They then 
try the expedient of bringing the light between the book and their eyes, so 
as to make their pupils contract by having a large amount of light fall upon 
them. In the subsequent progress of presbyopia reading or fine work at 
last becomes absolutely impossible without glasses. Pain, however, or 
asthenopia [usually] does not occur, as it does in hypermetropes. 

When &n eye is not emmetropic, but has an error of refraction, this 
error shifts the range of accommodation, and hence also the time when pres- 
byopia begins. Reference in regard to this point must be made to the chap- 
ters upon myopia and hypermetropia (pages 868, 885). 

763. Correction of Presbyopia.—Presbyopia requires the use of convex 
glasses for near work. The glass must be strong enough to make the near 
point come into the place which appears demanded by the work in question. 
The situation of this depends primarily upon the nature of the work; the 
finer this is, the closer must the near point be approximated. But in addi- 
tion to this the visual acuity must be taken into account. If the latter is 
defective, objects must be brought nearer, so as to make up in size what 
the retinal image lacks in distinctness. 

From the reasons set forth above it follows that it will not do simply to prescribe 
for each separate age the convex glass that ought to be ordered. On the contrary, 


we must proceed according to the individual requirements of each case by itself, and 
determine the glass for it specially. Suppose, for instance, that the subject is sixty 
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years old, and that his near point is one metre from the eye (A=1D). The man is 
a cabinet maker, and in doing his work, which he carries on at arm’s length—i. e., 
about 50 cm.—no longer sees distinctly. His near point, therefore, must be brought 
up to 50 cm. (=2D). As he himself can furnish 1 D, it suffices to give him a +1 D 
glass (or, better still, 1.5 D, so that he may not have to work at his near point, but 
may have some accommodation in reserve). Perhaps the same man also wishes a glass 
to read with in the evening when his work is done. For this purpose we must bring 
his near point up to at least 30 cm. (3.5 D), so that he can read ordinary print with 
ease, and we would therefore recommend him a glass of +2.5 D or +3D. [The strength 
of glass prescribed will also depend somewhat upon the state of the eye muscles. A 
patient with marked convergence-insufficiency will often read more comfortably with 
a weak glass than with one which gives him better sight, because the weak glass enables 
him to carry his book so far off that he has to converge his eyes but little in looking at it. 
Many people who put on convex glasses for the first time develop a temporary con- 
vergence-insufficiency from relaxation of their accommodation (see page 783). This 
insufficiency may give rise to asthenopia, which has to be relieved by reducing the 
strength of the reading glasses —D. | 


[The determination of the proper reading glass in presbyopia requires 
much care and patience. First the full correction for distance must be deter- 
mined accurately. Then the patient wearing this correction is placed as 
nearly as can be under his normal working conditions and with his work 
at the habitual distance. Then different convex glasses are added to the 
distance correction until an addition is found that gives the most serviceable 
and comfortable (which is not always the sharpest) vision. With each addi- 
tion it is well to determine the near point and corresponding amount of 
accommodation with the accommodation disk (page 857). As stated 
above the correction will vary greatly with circumstances, but, as a rule, 
except in the younger presbyopes with a range of 2 or 3 D, a glass which 
brings the near point within 28 cm. (over 3.5 D) isnot well borne, and, other 
things being equal, the glass that gives the widest and most serviceable 
range of vision is the best. Sometimes the accommodation test shows a 
constant difference in the maximum accommodative power of the two eyes, 
and in that case it may prove best to make a somewhat stronger addition 
for reading in one eye than in the other (see page 910).—D.] 


764, Ametropia.—Optical variations of the eye from the normal may 
relate either to its refraction or to its accommodation. The anomalies of 
refraction are to be rigidly differentiated from those of accommodation, with 
which they are frequently confounded. An eye whose refraction varies from 
the normal or emmetropic we call ametropic’. There are three varieties of 
ametropia: Myopia, hypermetropia, and astigmatism. W hen the refrac- 
tion of the two eyes is different, we speak of anisometropla. a 

[For the importance not only of correcting ametropia, but also of recognizing its 


i isu ity when we are treating cases of eye disease 
presence and its effect on the visual acuity when we are treating y ; 


see page 847.| 


‘[From a, privative, »é7pov, a limit, and oy, sight.] 


CHAPTER Ill 
MYOPIA 


765. Definition —Short-sightedness (myopia, M) is that refractive 
condition of the eye in which rays that are parallel to each other when they 
fall upon the eye come to a focus in front of the retina. Hence, when the 
rays strike the retina, they have already become divergent, and therefore 
form a diffusion circle upon the latter (a a;, Fig. 378). A distmet image S 
formed upon the retina only when the rays have a certam degree of diverg- 
ence as they arrive at the eye, which is the case when they emanate from 
a point R situated close by (Fig. 378). This pomt is the far pomt of the 
myopic eye—i. e., is the point for which the eye is adjusted when m a state 
of accommodative repose. Accordingly, the far pomt m this case lies at a 
finite distance. The greater the myopia, the farther im front of the retima 
is the point of intersection of parallel rays, and hence the greater is the 
divergence that rays must have in order to unite upon the retima, and hence, 
too, the nearer to the eye must the far pomt (2) lie. Consequently the 
degree of myopia is determined by the distance of R. 


Fic. 378.—Pars or rez Rars rm « Mrorr Ere 


766. Determination.—The distance of R from the eve ean be measured 
directly by placing fine print before the eye and gradually withdrawing it 
until it becomes too indistinct to be read. This method, however. has seri- 
ous defects, so that we prefer to determine the position of R by means of 
concave glasses. Let us assume that the eye has such a degree of myopia 
that its far point is 50 cm. in front of the eye (Fig. 379, F); the rays, then, 
that emanate from this point come to a focus upon the retina (at). How 
can we manage to have this eye see parallel rays distinctly—i. e., have them 
focused upon the retina? Evidently, by giving them the same direction as 
if they emanated from the far point. This is effected by placing before the 
eye a concave glass of 50 cm. focal distance—i. e.. of — 2 D. By this glass 
parallel rays are rendered as divergent as if they emanated from its focus 
(see page 831). This lies 50 cm. in front of the glass—that is, at the same 


spot at which the far point of the eye is situated (at f). Accordingly, par- 
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allel rays acquire the same direction as if they emanated from the far point 
of the myopic eye, and are hence focused upon the retina of the latter so as 
to form a distinct image. (In this discussion the distance of the glass from 
the eye is neglected.)! 

The deduction made in the foregoing example holds good for all degrees 
of myopia. The following rule may therefore be enunciated: A myopic 
eye sees distinctly at infinite distance with that concave glass whose focal 
length is equal to the distance of the far point from the eye. And con- 
versely: The focal length of that concave glass with which the myopic 
eye sees remote objects distinctly gives the distance of the far point from 
the eye—i. e., the degree of myopia. If a man sees remote objects dis- 
tinctly with—5 D, his far point is 20 cm. (100 + 5 = 20). But in desig- 
nating the degree of myopia we do not usually give the position of the far 
point, but give directly the relative power of the correcting glass—writing, 
therefore, M=5 D. 


A 


Fic. 379.—CorrReEcTION OF Myopia BY A CONCAVE GLASS. 


If a glass of—6 D is placed before an eye whose M=5 D, such an eye 
wuld still see clearly at a distance; the extra strength of 1 D being neutral- 
ized by a corresponding effort of the accommodation. Since in myopia 
there is often a tendency to accommodate, it is by no means rare to find 
myopes who are wearing glasses that over-correct. In order not to fall 
into the same mistake in determining myopia, and thus make the latter 
greater than it really is, we must regard as the correcting glass the weakest 
concave glass with which the myope sees distinctly at a distance. Hence, 
in determining myopia we proceed as follows: We place the myope at a 
distance of 6 (or 5) metres from the test card, and keep putting concave glasses 
before his eyes, beginning with the weaker ones and gradually advancing to 


i ide g its refractive power has been taken away from the myopic 
ene te Pe ee ee ¢ pene fa ae Pee a eye, we eek jp phe a ee 
; ek i aaT , ye with a myopia o is so to speak nts - 
eye has the higher ea OT bo iacade as plot vith hee deteaeeinat a hypermetropia of 2 D is, so to 
larly the Sd a ae eae [This conception of the myopic eye as practically sdrbeetl aaa an ee 
oe eet eores lens before it, is useful in explaining a El ag ea: ae 
roplc €5 Sin Vy aeeiage yope of 5 D sees, we have simply to put before his eye + 8. 
an emmetrope rape mie a hee Ae he sharp aad anletued vision for near, and a close 
Relies Have the cere ™m) opia of this amount. And like such a myope he a Mec oh eels 
aig Se iit ag = adi a 5 D lens to the lens he already has. A myope of 5 D, an a renee 
Sn aap ceupe ee hi pa: and an emmetrope using 5 J» of his accommodation have for t Cl ee 
ie oD ee ae So, too, to demonstrate how a hypermetrope of 2 D sees we have simply 
being the same sort of ciate Ge vea—2D lens. Such a one will have blurred vision, speedily rendered 
uo pu ah ol arte aatel and abpamniad effort of accommodation, and a recession of his near point, just 
clear by C 


as the hypermetrope has.—D.] 


eye by a concav 
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those that are stronger, until the best vision is obtained which can possibly be 
secured in this special case. The weakest concave glass with which this 
vision is obtained gives the degree of myopia.” 

This method of determining myopia, which was instituted by Donders, is the one 
generally employed. It is pretty tedious, since we are obliged to go gradually from 
weaker to stronger glasses, and frequently, therefore, have to place quite a large number 
of glasses before the eye before we get to the one that corrects. Hence, some have con- 
ceived the idea of determining not only myopia, but also the refraction generally, in a 
more expeditious way, namely, by the use of various apparatus which are called opto- 
meters. These are constructed upon various principles. Most consist of a test object 
at which the eye looks through a single lens or through two lenses combined. The rays 
which enter the eye can be given a parallel, convergent, or divergent direction, and thus 
adjusted to suit the different refractive errors that may exist, either by altering the place 
of the test object or by shifting the lenses. The refraction is then simply read off from a 
scale which is attached to the instrument. In spite of the advantage accruing from the 
almost instantaneous determination of the refraction which these instruments afford, 
they have not become popular, because the refraction as found by them is regularly too 
high; for the person who is looking into the instrument exerts, without being aware of 
it, some effort of accommodation. | Hence, if we desire to find the true refraction—.. e., 
the refractive state of the eye when the accommodation is relaxed—we are obliged 
first to paralyze the accommodation with atropine, a procedure which causes the patient 
considerable discomtort and annoyance. [See page 901.) 


767. The determination of myopia by glasses or optometers is called 
the subjective method, because it is dependent upon the statements of the 
patient. For this reason its results are not always exact. It often happens 
that, by the patient’s strainmg his accommodation, a higher degree of 
myopia is simulated than really exists. Moreover, we are dependent upon 
the patient’s good will and intelligence. Frequently we are dealing with 
malingerers, who purposely try to make their myopia appear too high, in 
order to escape military service. Again, in small children this method is 
not applicable. For such cases the objective method, which consists in the 
determination of the refraction by means of the ophthalmoscope [or shadow 
test], and which is therefore independent of the statements of the patient 
(pages 108-111) is suitable. And even when the degree of myopia has 
been already determined by the subjective test, the result should in every 
instance be verified by the objective test of the refraction. 

768. Varieties of Myopia.—The fact of parallel rays coming to a focus 
in front of the retina, which constitutes the essence of myopia, may in 
general arise in two ways: 

1. The refractive power of the eye is abnormally great, so that parallel 
rays are made too convergent, the retina jn this case being in its normal 
situation (refractive myopia). The cause of the increased refractive power 
may lie in the cornea or in the lens. In the cornea it is increased curvature 


2(This i . ride i F : : : 
oe irks ban gy rule, provided the accommodation is still active. If the accommodation is com- 
pletely paralyzed by atropine or homatropine, the rule is the reverse—i. e., the strongest concave glass 
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that leads to myopia. This is found most markedly in ectases of the cornea 
of the most diverse sort, and to the greatest degree in keratoconus. In 
this case the myopia is always associated with a considerable degree of 
astigmatism. 

The lens can cause abnormal elevation of the refractivity of the eye 
either through increased curvature or through augmentation of density. 
The following cases fall under this head: (a) In luxation the lens takes 
on ar increased curvature because the tension exerted by the zonula is 
removed. If the case is one of luxation into the anterior chamber, the 
forward displacement of the lens contributes to the increase in refractive 
power, since with the lens the principal focus of the whole dioptric system 
is shifted forward. (6) Accommodation, which increases the curvature of 
the lens, may be kept permanently in action, and as long as this spasm of 
accommodation continues myopia will be present. The latter disappears 
when the accommodation is paralyzed by atropine. (c) Myopia due to 
increase in density of the lens [so-called index myopia] not infrequently 
sets in at the begining of senile cataract (see pages 528, 538) and also in dia- 
betes. [For the myopia of iritis, see page 406.] 

2. The refractive power of the eye may be normal, so that parallel 
rays come to a focus at the customary spot, but the retina may lie too far 
back. The cause of this is an elongation of the axis of the eye, for which 
reason this sort of myopia is called axial myopia. The distention of the 
sclera, to which the elongation of the eye is due, usually affects the posterior 
division of the sclera, which is bulged out posteriorly, forming the staphy- 
loma posticum of Scarpa. This is the ordinary typical form of myopia, 
which therefore deserves special mention. ' 

TypicaAL Myopia 

769. Symptoms.—Myopes see indistinctly at a distance, because of 
the presence of diffusion circles. To make these smaller, and thus see 
better, they squeeze the lids together, and in this way produce a stenopzic 
slit. In fact, it is from this habit of blinking that the name myopia? takes 
its origin. [In myopia and other refractive errors the diffusion circles 
often cause monocular diplopia—test-types and like objects appearing 
double.—D.] 

Myopes see well near by, and, moreover, have the advantage that 
they need use little or no accommodation for this purpose. The range of 
accommodation has the same relation in the myopic eye (if the high degrees 
of myopia are excepted) as in the emmetropic eye. Only, since the far 
point lies at a finite distance, the whole region of accommodation is placed 
closer to the eye, as can be seen from Fig. 372 (No. 3), in which the region 
of accommodation lies between 10 and 5 em. in front of the eye. In working 
at close range, therefore, the myope needs to use less accommodation than 


3 From pvewv, to shut, to blink, and oy, sight. 
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the emmetrope, or even no accommodation at all. Suppose, for instance, 
that work has to be done at a distance of 33cm. In this case the emmetrope 
requires an accommodation of 3 D (100 + 33 = 3). A myope whose 
myopia equals 1 D needs only 2 D of accommodation, and one having a 
myopia of 3 D needs none at all, since his far point les at the working 
distance. As soon, therefore, as myopia has reached a certain degree, the 
accommodation ceases to be used (it being presupposed that no glasses are 
worn). Hence, in myopia of high degree the range of accommodation is, 
as a rule, not normal, but diminished. 

For the same reason, in myopes presbyopia sets in later than in emme- 
tropes, or does not set in at all. To be sure, the diminution in elasticity 
of the lens is produced in a myopic eye just the same as in any other, but 
practically it does not make itself so perceptible. If a man has a myopia 
of 3 D, his far point lies at 33 cm., and will always remain there though he 
be ever so old. During his whole life, therefore, there will be distinct 
vision at this distance, the only difference from what existed previously 
being that the patient, when at an advanced age he has lost his power of 
accommodation, will no longer be able to see closer than 33 em.—a thing, 
however, which there is usually no necessity of his doing in any case. Such 
a myope, therefore, does not become presbyopic at all. Those having 
myopia of less degree do become presbyopic, but do so later than emme- 
tropes. The point of time when presbyopia sets in—i. e., when the near 
point recedes beyond 33 em.—can easily be calculated for each individual 
case if we know the degree of myopia and the amount of the range of 
accommodation at different ages. 

770. The troubles that myopes complain of vary according to the 
degree of myopia. In the lower grades of myopia distant vision is indis- 
tinct, and yet often suffices for ordinary purposes, so that many myopes 
of this sort do not use glasses. For near work moderately near-sighted 
eyes are generally regarded as serviceable, because they do their work 
with less accommodation, and, moreover, either become presbyopic late 
or do not become so at all. 

It is otherwise with the high degrees of myopia. In this case not only 
is the complaint made of indistinct vision at a distance, but also of inability 
to keep on with work near by for any length of time; for, owing to the 
short distance from the eyes at which the far point lies, a considerable 
effort of convergence is required—an effort which, moreover, is often 
rendered difficult because the impulse to converge is diminished, owing to 
the abolition of the accommodation. Hence, a latent divergence and, as 
a result of it, troubles symptomatic of muscular asthenopia develop. By 
a transformation of this latent divergence into a manifest one, a strabismus 


divergens may be set up, a condition, therefore, which is most frequently 
met with as a result of high myopia. 
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In myopia of high degree it is often the case that satisfactory distant 
vision is not attained even by glasses, because morbid changes exist in 
the fundus. For the same reason, vision close by is frequently defective 
in spite of the great approximation of the object. Moreover, complaint 
is made of rapid tiring of the eyes, of great sensitiveness to light, and of 
musce volitantes. The last-named phenomenon is also, to be sure, found 
in healthy eyes (see page 561); but the myopic eye is more apt to see 
musce volitantes, and sees them in greater number. This arises from the 
fact that myopic eyes without glasses see everything indistinctly; and 
upon a hazy background, such as is 
caused by this indistinct sight, opacities 
are better projected. Moreover, in the 
higher degrees of myopia pathological 
opacities of the vitreous are apt to be 
present. Muscz volitantes are not infre- 
quently a source of constant annoyance 
and worry to myopic patients. 

771. Objective Signs——Objective ex- 
amination of a near-sighted eye shows 
that it is longer than normal (Arlt). The 
elongation is produced, as dissection of 
such eyes shows, by the distention of the 
sclera at the posterior pole (Fig. 380). 


In marked myopia the enlargement of the 
eye-ball is recognizable even in the living 
eye. The eye projects far forward (pop- 
eye); and when it is turned well in to- 
ward the nose, so that the equatorial 
region appears in the outer portion of 
the palpebral fissure, this does not, as in 
the case of the normal eye, make a sharp 
curve in turning backward, but runs back 


Fic. 380.—Cross Section or a Myopic 
EYE HAVING AN AxrtaL LENGTH OF 28 
Mm. Magnified 2X 1. 


The ectasia (staphyloma posticum) which 
occupies the posterior segment of the eye 
extends from e to ei. Over the area occu- 
pied by the staphyloma the sclera is very 
much thinned, and at the spot where it is 
continuous with the sheath of the optic 
nerve its layers have separated from each 
other, so that the intervaginal space is di- 
lated at its extremity, and more so at the 
nasal side, n, than at the temporal side, t. 
The optic nerve, s, shows within the fora- 
men sclere an outward bend. The anterior 
chamber is very deep; the ciliary body 


without much curving—almost straight, Prodects but slightly. 


in fact. Very myopic eyes are also usually characterized by a deep 
anterior chamber and a dilated pupil. 

The most important changes in myopia are those which are situated 
in the fundus and can be recognized by ophthalmoscopic examination. 
These, as a general thing, are the more extensive the higher the degree of 
the myopia. They affect above all the chorioid and retina, which become 
atrophic, both in the vicinity of the papilla and in the region of the macula 
lutea (see page 459). The latter spot, moreover, is the favorite seat of 
retinal hemorrhages. Numerous floating opacities are formed in the vitre-— 
ous, the latter at the same time becoming liquefied. The consequences of 
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the degeneration of the vitreous make themselves apparent both in the 
lens and in the retina. In the former there develop opacities, and, as a 
result of the atrophy of the zonula of Zinn, tremulousness and even luxation 
may occur; in the retina, detachment may ensue. 


The anatomical demonstration of the enlargement of the myopic eyeball was first 
made by Arlt, and thus the nature of myopia was established (1854). Scarpa, to 
be sure, had already at an earlier date (1807) observed the ectasia of the posterior 
pole of the eye peculiar to myopia, but did not recognize it as the cause of the latter. 
The size of this ectasia is in direct ratio to the degree of the myopia. In near-sight 
of moderate amount the ectasia is limited simply to the posterior pole of the eye; but 
in the higher degrees of myopia the ectasia (e 1, Fig. 380) extends until the optic nerve 
is implicated, and gets to lie upon the side of the protrusion. The elongation of the 
eyeball due to the ectasia may be very considerable; there are eyeballs which have 
an axial length of upward of 35 mm., while the normal eye is only 24 mm. long. 

The most striking feature presented by microscopical examination of the ectatic 
posterior segment of the eyeball is the displacement of the sclera with reference to the 
optic nerve. It looks as though the trunk of the nerve had been pulled away from 
the foramen sclerze and toward the nasal side; and, as the head of the optic nerve is 
fixed in the foramen sclerex, the effect of this traction is that the nerve itself is made 
to bend at its extremity (Figs. 380 and 381). The external sheath is thus drawn away 
from the trunk of the nerve, particularly at the nasal side. This same displacement 
is recognizable in the chorioid, from the fact that the latter is drawn away from the 
border of the optic disk on the temporal side, while at the nasal border the chorioid 
is drawn up over the optic disk (Fig. 8381). The sclera, wherever it happens to lie within 
the ectasia, becomes attenuated, so that often it is only as thin as paper. The super- 
jacent chorioid and retina present in the main the appearances of atrophy together 
with slight inflammatory changes; in the later stages both membranes are reduced to 
a thin pellicle almost destitute of pigment. The vitreous in its posterior division is 
often liquefied. 

The anterior segment of a very myopic eye, as far back as the ciliary muscle, is 
normal (Iwanoff). This muscle has a smaller transverse diameter than in the emme- 
tropic eye, since the circular fibers are less developed, and are sometimes, indeed, 
almost entirely wanting (Fig. 883). These circular fibers, in fact, are mainly the ones 
whose function it is to provide for accommodation; and as accommodation is but little 
employed in a myopic eye, they are not properly developed there. But as the ciliary 
processes, too, in the myopic eye are not as large as usual, the whole ciliary body 
appears abnormally flat. [From the researches of several investigators it appears that 
the non-development of the ciliary body in myopes is probably congenital. Hence 
A. Wood argues that this non-development is not due to lack of use, and is, in fact, 
the cause, not the result of the myopia. See page 874—D.] In hypermetropie eyes 
the opposite condition exists. In these, Miiller’s portidn of the ciliary muscle is hyper- 
trophied by constant accommodative effort, and thus the whole muscle is increased in 
size; and hence the entire ciliary body projects farther toward the interior of the eye 
(Fig. 384). A comparison of Figs. 383 and 384 with each other and with F ig. 382, which 
represents the ciliary body of an emmetropic eye, shows how the shape of the sinus of 
the anterior chamber is determined by th form of the ciliary body. Ina myopie eye 
the sinus is deeper, in a hypermetropic eye shallower, than in the emmetropic eye. This 
relation, which can also be observed macroscopically in the living eye, is held to be of 
importance in the genesis of glaucoma. We know that in the atter condition, owing 
both to the swelling of the ciliary processes and also to the thickening of the iris that 
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Fic. 381.—Opric-NERVE ENTRANCE IN Myopia. 


A. OpHTHALMOscoPpic IMAGE OF THE PaptLLa.—The papilla, b-c, is of the shape of an ellipse 
with its long axis vertical. In its outer half it shows the large physiological excavation, upon whose 
floor are visible, the gray stipplings of the lamina cribrosa, while the central vessels ascend on the 
inner wall of the excavation. Adjoining the inner border of the papilla and not sharply separated 
from it, is the bright crescent, a—b (distraction crescent). This is of a white color, while the papilla 
itself is reddish. The crescent is covered with brownish, elongated markings, representing remains 
of the stroma pigment of the chorioid. The temporal border of the crescent is sharply defined, and 
the chorioid a (oie it is somewhat more pigmented than usual. On the other hand, the chorioid 
in the vicinity of the nasal border of the papilla shows a somewhat lighter coloration in the space be- 
tween c and d, so that a yellowish crescent, which, to be sure, is not much more than a suggestion of 
one, is formed on the nasal side of the disk (supertraction crescent). 

B. LONGITUDINAL SECTION THROUGH THE HEAD OF THE Optic NERVE. Magnified 141. Here 
the displacement of the optic nerve with relation to the aperture in the sclera and chorioid designed 
for its passage, is obvious. The optic-nerve funiculi, wherever they consist of medullated fibers, are 
colored black by Weigert’s hematoxylin stain; between them can be seen the septa, which remain 
unstained, and the longitudinal sections of the central artery and central vein. The black staining 
ceases abruptly at the lamina cribrosa. In front of the lamina cribrosa the head of the optic nerve 
presents the physiological excavation. This is a depression whose floor at its deepest part 1s formed 
by the lamina cribrosa. The temporal wall of the excavation slopes down quite gradually from the 
retina. The nasal wall declines abruptly, and shows the cross section of the central vessels. The 
trunk of the optic nerve is inserted obliquely into the eyeball, a fact that is particularly evident when 
comparison is made with Fig. 264. This displacement is most pronounced where the nerve traverses 
the sclera and chorioid. The temporal wall of the sclerotico-chorioidal canal therefore, is turned some- 
wpat forward, and hence, since the overlying retina is transparent, comes into view when looked at 
from in front (with the ophthalmoscope), forming a bright crescent extending from 6 to the point a, 
where the pigment epithelium begins. The stroma pigment of the chorioid extends somewhat further 
inward than does the pigment epithelium, and is consequently seen under the form of brown spots 
upon the bright crescent. The nasal wall of the scleral canal is turned partly backward, so that 
it has to pass in front of the most nasally situated portion of the optic nerve, c-d. As the dis- 
placement affects not only the aperture in the sclera but also that in the chorioid, the chorioid is 
also drawn up over the nasal border of the optic nerve as far as the point c. Since now this nasal por- 
tion of the papilla, being covered by the sclera and chorioid, is not distinctly visible with the ophthalmo- 
scope, the papilla appears contracted in its horizontal diameter. Nevertheless, the portion of the 
optic nerve that is thus concealed glimmers through its covering, so as to be distinguishable under 
the form of an ill-defined yellowish crescent at the nasal border of the papilla (A, c-d). The displace- 
ment of the optic nerve with reference to the sclera is shared in by the sheaths of the nerve. The dural 

oining arachnoid sheath, ar, are separated from the nerve, especially at its tem- 


du, and the adj ) 5 
alee ky anil the inreranaal space, v 0, is consequently dilated. On the other hand, the pial sheath, 


p lies in close apposition to the nerve. 
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occurs when the pupil is dilated, the iris is pushed against the cornea, and the sinus of 
the anterior chamber is thus shut off (see page 506). Obviously the more prominent 
the ciliary process and the narrower the sinus of the anterior chamber the more 
readily will this result take place. In this fact is probably contained, at least in part, 
the reason why hypermetropic eyes are very frequently, and myopic eyes, on the con- 
trary, are very rarely indeed, attacked by inflammatory glaucoma. [But see page 496.] 

The ophthalmoscopic and anatomical changes which make their appearance in 
the higher grades of myopia render it evident why the visual acuity is almost never 
found to be normal in very marked near-sight. 


Fic. 382.—Crm1ary Bopy or AN Emmerropic Ere. 


Fie. 384.—Cruiary Bopy or A Hyrermerroric Ere. 


772. Course.—Most cases of myopia are those of low degree, which 
develop during youth and come to a stop after the completion of the body 
growth (stationary myopia). In other cases, however, the myopia attains 
a considerable height even in youth, and then does not remain stationary, 
but increases steadily during the whole life, so that finally it reaches the 
greatest possible degree (progressive myopia). It is mainly these cases that 
lead to destructive changes in the interior of the eye, and that cause 
myopia to appear in the light of a disease of the eye, and of a serious disease, 
too, which in advanced age often gives rise to amblyopia or even blindness. 

Among the laity there is a belief that near-sight diminishes in age; but this is true 


only for the lowest degrees of myopia. In advanced age the emmetropic eye becomes 
hypermetropic (see page 883) consequently, in a myopic eye the myopia must diminish, 
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[This diminution, however, is usually inconsiderable—not over a dioptry at most.—D.] 
Myopes, however, often believe that they are becoming less near-sighted because they 
see better at a distance without glasses than they used to do, and yet testing with glasses 
shows no diminution in the myopia. This improvement in vision depends upon the 
fact that in old age the pupils become more contracted, and hence, in looking with 
the naked eye, the diffusion circles are smaller. But all persons who have a great degree 
of near-sight see worse and worse as their age increases, because not only is the myopia 
augmented, but the complications of myopia tend to develop more and more. [In 
myopia of 10 to 12 D the vision may still be $%, especially in children. Usually, 
however, it is not better than }§ and may be only 3%. In myopia of over 12 D vision 
is rarely better than }$ even when there are no complications, and when the myopia 
exceeds 15 D, vision is generally 74 or 34 at best.—D.] 

773. Causes of Myopia.—Myopia is only exceptionally congenital, 
elongation of the eye in that case existing at the time of birth. The rule 
is that myopia develops in youth at the time when, as the whole body is 
growing rapidly, considerable demands are coincidently made upon the 
eyes by school life or by work. It has been established by many observa- 
tions that acquired near-sightedness is found almost exclusively in those 
persons who are compelled to strain their eyes with near work. Such are, 
on the one hand, the members of the cultured classes who apply themselves 
to study; and, on the other hand, working people, like tailors, seamstresses, 


‘compositors, lithographers, etc., who have fine work to do. There is thus 


no doubt but that the cause of myopia is furnished by near work. Here 
two factors come into play, namely, the accommodation and the converg- 
ence, by the combined action of which the distention of the posterior pole 
of the eye is effected. [That excessive use of the eyes in near work is the 
main cause of myopia seems doubtful; and it appears quite unlikely that 
over-use of the accommodation and convergence is responsible for it. For 
a contrary view, see page 874.—D.] But, although straining of the eyes 
in near work is the cause of myopia, not all, but only a fraction of those 
who are subjected to this strain actually become near-sighted. In this 
fraction, therefore, special additional factors must be present which favor 
the development of the myopia due to near work. The following are the 
factors of this sort that we know of: 1. A predisposition to myopia, which 
doubtless has its seat in definite anatomical conditions, such as too shght 
resistance of the sclera, peculiarities in the relations of the ocular muscles 
or of the optic nerve, etc. Since anatomical peculiarities are apt to be 
inherited, the hereditary character of myopia is also readily explainable. 
The children of near-sighted parents are not, to be sure, born near-sighted ; 
but if they are exposed to those conditions which favor the development 
of near-sightedness, they show a greater tendency to become myopic than 
do the children whose parents have normal sight. 2. Those circumstances 
which compel too great approximation of the work, and thus require an 
abnormally great accommodation and convergence. This is the vase when, 
particularly fine work has to be done, or when work is varied on with 
insufficient illumination, and also when the visual acuity is diminished (by 
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macul of the cornea, opacities of the lens, astigmatism,* etc.), so that it 
becomes necessary to bring the objects closer than usual (see pages 
320, 030). 


Near-sightedness is so widespread and important a disease that it has received 
an amount of investigation which, for extent and for thoroughness along all lines of 
research, few other diseases can equal. The main thing that these numerous inves- 
tigations have proved is that near-sight is an attribute of culture. In the country, for 
example, we encounter fewer people with glasses than we do im the city. In the latter, 
again, it is the schocls which are the main hotbeds for the propagation of near-sighted- 
ness. Cohn by his extensive researches was the first to direct general attention to this 
fact. Since then, statistical researches in regard to myopia have been published in al- 
most all countries—researches which extend to all classes of every condition and every 
age, even including newborn children. It has been proved that among newborn chil- 
dren myopia practically never occurs; in fact, they are almost without exception hyper- 
metropic. Near-sightedness is acquired later in life through straining the eyes, and 
hence fails to occur when this strain is absent. In savage races near-sightedness no 
more occurs than it does among children. Again, in the lowest order of schools—the 
primary schools—there are extremely few near-sighted persons, and the same is true 
of the rural population, whose education does not, as a rule, get much beyond the pri- 
mary school. The school most dangerous for the eyes is the intermediate school. It is 
in this that myopia first develops and then increases, both as regards its intensity 
and as regards the number of myopes, in proportion as we ascend the classes. In Ger- 
many about 20 per cent are. myopic in the lowest classes of the high schools and 60 per 
cent in the highest classes. In going into the higher classes the scholar who is already 
near-sighted becomes more and more so; and, furthermore, new scholars are constantly 
being attacked with myopia. In the university the condition of affairs is still more 
unfavorable. Near-sight acquired as a result of study thus rightly bears the name of 
“school myopia.’’ [So, too, among 4800 school children in this country, examined 
under a cycloplegic, only 9 per cent were found to be myopic at the age of 5 and 48 per 
cent at the age of 16 (Tenner). While, however, these statistics convincingly prove 
that in each year of the growing period more and more cases of myopia develop, they 
by no means prove that near work is the cause of the myopia. This latter view, in 
fact, is contested by many, who argue that there is some congenital anatomical basis 
for the myopia, which would be effective in causing its progressive increase whether 
the eyes were used for near work or not. They point out that myopia, even of high 
degree, is found among those who never use their eyes for near work at all, e. g., among 
the Bedouins, Egyptians (very frequent), and other illiterates.6 A. Wood believes 
that the small size of the ciliary muscle, which is so frequently found in myopia, is 
not, as stated on page 870, the result, but actually the cause of the near-sightedness. 
Accepting Thomson’s theory (page 15) that the ciliary musele helps to effect outflow 
from the eye, he believes that congenital deficiency of this muscle by retarding outflow 
increases the intra-ocular pressure and hence causes the eye, which is distensible during 
early life, to expand. When the myopia was once established, the non-action of the 
ciliary muscle, due to the failure of myopes to use their accommodation, would tend to 
make it increase, and a contributing factor would be the dilatation of the pupil, 
which is usually present in myopes and which would also help to impede outflow from 
the eye. There are a number of clinical observations which seem to favor this theory— 
one being that, as pointed out on page 876, correction of myopia by glasses, which call 
the accommodation into play, seems to retard the development of the near-sight D1] 


‘(The effect of astigmatism is particularly important. Irregular astigmatism and, according to 
some authorities inverse and oblique astigmatism are of especial significance in causing myopia.—D.]} 


5 (It must be admitted, however, that here the iti 
, ar, that » great frequency of corneal opacities among these 
people may have a good deal to do with causing their myopia.—D.] a - 
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Continuous employment of the eyes upon fine work exerts the same influence 
as do schools. Among lithographers Cohn found 45 per cent and among compositors 
51 per cent to be myopie. . 

While many think that near work produces near-sight, they have not been able 
to agree as to how it does it. As regards this point different theories have been pro- 
pounded, each one of which probably contains one or more points that are correct 
although none is perfectly satisfactory. Those who accuse the accommodation of being 
the cause of myopia assert that during accommodation the intra-ocular pressure is 
somewhat elevated.* If this process is frequently repeated, it may lead to distention 
of the posterior portion of the sclera where it is most yielding. According to Von Graefe, 
inflammatory processes in the chorioid and sclera (sclerotico-chorioiditis posterior), by 
which the sclera is rendered softer, are also to be considered in this connection. Others 
believe that it is not so much the accommodation as the convergence that should be made 
accountable for the development of myopia, inasmuch as in convergence a pressure is 
exerted upon the eyeball by the external ocular muscles, which leads to its distention. 
It has been supposed that either the internal and external recti which in the act of 
convergence are stretched more tightly upon the eyeball, or the two obliques which 
surround the eyeball, like a sort of noose, may produce this effect (Stilling). The mus- 
cles last named are, furthermore, so situated that they press upon the points of exit of 
some of the vene vorticose from the eyeball, and may thus produce venous congestion 
in the latter. Convergence might, however, produce distention of the posterior pole 
of the eye in another way—namely, by the fact that the latter is displaced outward, 
and consequently is pulled upon by the optic nerve. This action would be particularly 
looked for when the optic nerve is, relatively speaking, too short (Hasner, Weiss). 

[A number of clinical facts seem to show that we cannot consider either excessive 
accommodation or excessive convergence as the determining cause of myopia. Rather 
the reverse may be true.—D.] Levinsohn regards the cause of the elongation of the 
eye to be the traction which gravity exerts on the eye, when in close work the head is 
kept bent forward so that the cornea is directed more or less down. Lastly, some have 
thought that diminished rigidity of the coats of the eye is responsible for myopia, it 
being assumed that there is a congenital defect in development causing this (Schnabel). 

Males and females are equally predisposed to myopia. 


774. Treatment.—It is impossible to do away with the elongation of 
the eyes, that forms the basis of myopia. We must confine ourselves to 
making provision by means of suitable glasses for distinct vision, and to 
procedures that will enable close work to be carried on as far as may be 
without tiring. Moreover, the progress of the near-sight must be checked 
as far as possible, and any complications present be attacked. 

The following principles hold good with reference to the wearing of 
glasses by myopes: In the low degrees of near-sight (up to about 2 D) it 
is sufficient to order glasses for distance, provided that any desire for them 
is expressed. For near work, glasses are not necessary, since vision can 
be carried on without them at a sufficient distance—that is, up to or 
beyond 50 cm. Hence we may leave it to the patient himself whether he 
shall use his glasses for his near work or not. But in case troubles referable 
to a latent divergence [exophoria] are present, the glass should be worn for 
near also, since by means of it the latent divergence is relieved (page 791). 
In the medium degrees of near-sight—i. c., from 2 to about 7 D—glasses 


6 [This is almost certainly erroneous (Hess).—D.] 
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are necessary for distance, and they are often desirable for near work as 
well; for otherwise the work would have to be held too close, and would 
thus require great convergence which might give rise both to exhaustion 
of the eyes and to progressive increase of the near-sight. If the eye is 
otherwise healthy, and the range of accommodation is large enough, a 
glass is prescribed which can be worn constantly for both distant and near 
vision. [Statistics seem to prove unequivocally that the full and early 
correction of myopia tends to check the progress of the process. It is 
therefore becoming a more and more prevalent practice here and also in 
Europe to correct myopia fully, even when of slight degree, and, as far as 
possible, to get the patient to use the same glass for distance and near. 
In this way the eyes are placed under more normal conditions both for 
distant and near vision and also as regards their accommodative function. 
The result of this practice in individual cases has proved eminently satis- 
factory. See also page 902—D.| If the range of accommodation is small, 
either on account of advanced age or from other reasons, the glass which 
corrects the myopia will not be borne for near work. Near-sighted persons 
who have worn the same glass constantly for many years find that, as 
they become older, reading with this glass becomes more and more difficult. 
In such cases two sets of glasses must be ordered: a stronger one, which 
corrects the myopia, for far pots; and a weak one, for near work, which 
removes the working distance to the point desired. The same rule holds 
good for the high degrees of myopia, in which, likewise, different glasses 
must be prescribed for far and near. When, owing to complications, the 
vision is greatly diminished, glasses are in any case of little or no use. 

Prescribing glasses for near-sighted persons requires much experience 
and a careful consideration of all the attendant conditions. In no ease 
should the choice of glasses be left to the optician. 

775. In addition to the selection of glasses, the regulation of the patient’s 
habits, both as regards his general condition and his eyes, must be attended 
to. This is the more important the greater the myopia is, and the more 
reason there is to apprehend its progressive advancement and the develop- 
ment of complications. And, first of all, near work must be restricted as 
much as possible. Such work as has to be done under any circumstances 
should be performed at the greatest possible distance from the eyes. To 
effect this we must see to it that the print of the books is good, that the 
illumination is sufficient, that the correct position is maintained in reading 
and writing, etc. Work in the evening by artificial light must be restricted 
as far as possible. It is very advantageous to interrupt the work at fre- 
quent intervals and rest the eyes by looking at a distance. If it is apparent 
that the near-sight is making rapid progress and threatens to reach a still 
higher degree, it is advisable to drop all studies for quite a long time. 
Young people with markedly progressive myopia should be warned to take 
the condition of their eyes into account in choosing a profession. An occu- 
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pation, like that of civil-service clerk or one of the learned professions, that 
requires constant reading and writing, is not suitable for people of this sort. 


The great prevalence of near-sight, particularly among the young who are engaged 
in studies, has justly excited widespread anxiety and led to endeavors to put a stop 
to the extension of the evil. First of all, the excess of work which many scholars have 
at present to struggle with should be reduced to the proper standard. The way in 
which scholars are overtasked, both in school and at home, is admitted by most, and 
is prejudicial not only to the eyes, but also to the child’s whole mental and physical 
development. Instruction ought not to be begun too early (if possible, not before 
the completion of the sixth year), and more time should he allotted to bodily exercise, 
especially in the open air, than has hitherto been the case. The hours set apart for 
this latter purpose should alternate suitably with the hours devoted to sedentary 
occupations, so as to serve as a rest from both mind work and eye work. That amount 
of work which absolutely has to be done should be done under the most favorable con- 
ditions. To accomplish this, special attention must be paid to the schools, since the 
work done at home is beyond our control. The requisites, which in many modern schools 
are already carried out, are: 1. Good illumination—i. e., illumination of sufficient 
strength and falling upon the work in the proper direction; the light should come 
mainly from the scholar’s left side. [The illumination should be diffuse—never very 
intense in any one spot,—should present no glaring points of light, and should reach 
all parts of the room, so as to offer no violent contrasts of light and shade anywhere. 
By observing these precautions we lessen the tendency to eye strain as well as to 
the development of myopia.—D.] 2. Well-constructed seats and _ tables, which, 
furthermore, should be adapted to the varying size of the scholars, so that they may 
not be forced to adopt a bad attitude of the body. If, however, the scholars do bend 
forward too much, especially in writing, the use of some straightening appliance is 
indicated. 3. A proper method of instruction in writing which will enable the pupil 
to keep the head and body straight while writing (upright script). 4. Good print. 
Books having too fine print, and also too fine fancywork for girls, should be banished 
from schools. 

[A very important means of preventing school myopia and checking its advance 
is the systematic examination of children in the primary schools to determine and 
rectify refractive errors, especially astigmatism and myopia, and bring the sight as 
nearly as can be to the normal. As Fuchs says, those children in whom the 
sight because of opacities in the media of fundus disease cannot be brought to the 
normal should not be allowed to take the full course prescribed for others, and should 
be trained for some out-of-door avocation. In a beginning near-sightedness, the 
hygienic rules laid down by Fuchs for myopes in general—restriction of the hours 
of study, restriction or absolute prohibition of study by artificial light, frequent inter- 
vals of rest for the eyes during the day, and insistence on out-of-door exercise—should 
be followed out with particular stringency. The younger the child, the more important 
these regulations are. Children with rather high myopia should be segregated so that 
they can receive instruction specially adapted to their needs and in classes by them- 
selves (Harman).—D.] a 

In the highest degrees of near-sightedness, we may remove the lens by discission, 
even if it is still transparent Fukala). The operation is a suitable one for young per- 
sons, whose myopia amounts to more than 15 D, and who do not show excessive patho- 
logical changes in the fundus. The eye may thus be brought nearly to the point of 
emmetropia, so that it is able to see distinctly at a distance without any glass. We 
must not, however, overlook the fact that by this operation we sacrifice the accom- 
modation, and that the operation does not act to check the increasing elongation of 
the eyeball and the consequent changes in the fundus. 


: CHAPTER IV 


HYPERMETROPIA 


776. Definition.—Far-sight, hypermetropia! (H), is that refractive 
condition of the eye in which parallel rays falling upon the eye come to a 
focus behind the retina (at f, Fig. 385). Properly speaking, the rays do not 
come to a focus at all, since the conical beam of rays has its apex truncated 
by the retina, and a diffusion circle is formed there. Hypermetropia is 
the opposite of myopia; in the former the apex of the cone of rays lies 
behind the retina, in the latter in front of it. 

What sort of rays, then, can come to a focus, so as to form a distinct 
image upon the retina? When we try the experiment of bringing an object 
from infinite distance closer to the eye, we find that it becomes more and 
more indistinct; for, the more divergent the rays are when they reach the 
eye, the farther behind the retina will they be when they come to a focus 
(thus in Fig. 385 the rays coming from O come to a focus at f,), and hence 
the larger will be the diffusion circles. Accordingly, the hypermetropiec eye 
cannot, without the exercise of accommodation, see either distant or near 
objects distinctly. For rays to come to a focus upon the retina of a hyper- 
metropic eye, they must have a certain degree of convergence as they fall 
upon the eye (cc, Fig. 386). How great must this convergence be? To 
ascertain this we must prolong the rays until they meet. This would occur 
at a point (R, Fig. 386) situated behind the retina. The distance of this 
point from the eye gives us the measure for the degree of convergence that 
the rays must have for them to meet upon the retina. This point is, 
accordingly, the far point, R—i. e., the point for which the hypermetropic 
eye is adjusted when in a state of accommodative repose. It is at a finite 
distance, just as is the far point in myopia, but is behind the eye and not 
in front of it, as in myopia. The difference between the two consists in 
this, that in myopia the rays that are brought to a focus by the eye emanate 
from the far pomt, while in hypermetropia they converge to the far point. 
The far point in hypermetropia, therefore, is not a point from which the 
rays actually start or at which they actually unite, but is an imaginary 
point which is simply adopted to indicate the direction of the rays. We 
say, therefore, that the hypermetropic eye has only a virtual far point, 
and we designate it by the negative sign:—R.* 

Formerly presbyopia and hypermetropia were confounded with each other. People 
saw a hypermetropic boy, whose eyes soon grew tired in studying, finally take up his 
grandfather’s glasses and then read well with them and without becoming tired. This 
boy, they reasoned, must have the same sort of weakness in his eyes that his grand- 


1 [From vmep, in excess of, wetpov, measure, 8Nd Sy sight.] Also called hyperopia [from vzep 
and ow}. 

2 The points f and fi, in Fig. 385, which likewise lie behind the eye, have nothing to do with the 
far point, but are simply the foci for parallel or divergent rays incident upon the hypermetropic eye. 
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father has, only that with him it has already set in in youth, and therefore is very serious. 
This “hebetudo visus”’ was attributed to a weakness of the retina, and it was believed 
that it might possibly go on to blindness. The only thing which might have ameli- 
orated the sufferings of the hypermetrope—namely, the use of glasses—was held to 
be particularly dangerous. 


Fic. 387. 
Fics. 385 to 387.—PatTH oF THE Rays IN A HyprermeTRorPic Eryn. 


Donders deserves the great credit of having discovered the true nature of these 
conditions. The weak sight of the old man is presbyopia and has reference to the ac- 
commodation. It is, however, not an anomaly of accommodation, but a physiological 
state. The boy’s bad sight depends upon hypermetropia, which has noe to do 
with the accommodation, but is an error of refraction that exists in the eye even when 
destitute of accommodation. The similarity of the two conditions lies in vat Bee: 
one symptom in common—namely, impairment of vision for near eqn ue 
even in this regard there is an essential difference between the two. In pres hee 
distinct vision inside of a certain distance is simply impossible. In mine oem, 
distinct vision at near points is generally still possible (if the range of accommodation 
is great enough), but is associated with straining and tiring of the eyes. ier: 

Donders also has shown that the asthenopia of hypermetropes is no ne sym 
tom of a serious lesion of the eye, but is an evidence of fatigue ue tigaiak Bantae 
favorable optical conditions. By the correction of these conditions ce ee e idee 
devices, a countless number of men have since this discovery et oe ered once 
capable of work and have been freed from the dread of growing blind. 


777. Determination—The greater the hypermetropia, the greater 
must be the degree of convergence with which the rays impinge upon the 
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eye if they are to unite upon its retina, and the nearer, therefore, to the 
posterior pole of the eye will be the point where these rays intersect each 
other, if they are supposed to be prolonged without undergoing refraction. 
Now this point where they thus intersect is the far point. The degree of 
hypermetropia is determined, therefore, just like the degree of myopia, by 
the distance of the far point from the eye; in both cases the error of refrac- 
tion is the greater the nearer the far point is to the eye. The only difference 
is that in myopia the far point lies in front of the eye, and in hypermetropia 
behind it. For this reason the distance of the far point cannot in hyper- 
metropia be measured directly as it can in myopia. We are forced to 
determine it indirectly by means of the test with glasses. In doing this 
we start as in correcting myopia with the attempt to refract parallel rays 
by means of the lens in such a way that they shall come to a focus upon 
the retina. Obviously a convex lens is required for this purpose, since 
this alone is able to render parallel rays convergent. If the far point of 
the hypermetropic eye lies at—50 cm. (R, Fig. 387), we should have to 
take a lens of 50 cm. focal length (=2 D). Parallel rays (~ o, Fig. 387) 
falling upon the lens will be so refracted by the latter as to converge toward 
its focus, which lies 50 cm. behind the eye—i. e., at the same spot as the 
far point. These rays will therefore be brought to a focus upon the retina. 
In this discussion, for the sake of simplicity, the distance of the glass from 
the eye has been neglected. : 

As the same thing can be proved for hypermetropia of any other degree, 
the following statement may be enunciated as a general law: To see dis- 
tinctly at infinite distance the hypermetropic eye requires that convex glass 
whose focal length is equal to the distance of the far point from the eye. 
Accordingly, the glass that corrects the hypermetropia gives through its 
focal length both the position of the far point and the degree of the hyper- 
metropia. We express the latter by the number of dioptries which the cor- 
recting glass represents; and hence say a hypermetropia of 2 D, not a hyper- 
metropia with far point at 50 em. 

778. Latent and Manifest Hypermetropia.—While it was said above 
that hypermetropes can see neither distant nor near objects distinctly, this 
statement holds good only when no accommodation is made; for by means 
of his accommodation the hypermetrope is able to increase the refractive 
power of his eye precisely as if a convex glass had been placed in front of 
it; he can correct his hypermetropia by accommodation. This fact ren- 
ders the exact determination of hypermetropia difficult. If we examine the 
same individual at different times for hypermetropia, we find that it is not 
always of the same degree. For example, it may happen that in a young 
hypermetrope the hypermetropia today is found to be 1.5 D, a little while 
after 1 D, and to-morrow perhaps 2D. Which of these findings is. the 
correct one? If we instill atropine several times, and again make the 
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examination, we now find the hypermetropia to be constantly the same 
but considerably higher than before—e, g.,4 D. 

The only possible reason for the fact that the hypermetropia as deter- 
mined by us before atropinization was too low is that a part of this hyper- 
metropia is concealed all the time by the accommodation. The hyperme- 
trope is so accustomed to accommodate that he is unable to relax his accom- 
modation completely even when convex glasses are placed in front of the 
eye, which render his accommodation superfluous, or even a disadvantage. 
Thus, with a glass which completely corrects his bypermetropia, the hyper- 
metrope sees at a distance no less badly, and as a general thing much worse 
than with his naked eye. If we begin by placing very weak convex glasses 
before his eyes and then gradually use stronger and stronger ones, he will 
indeed keep on relaxing his accommodation, but only up to a certain point; 
he always retains a reserve of accommodation which he is unable to give 
up. With the glass thus found, combined with the residuum of accommo- 
dation, he corrects his hypermetropia and sees distinctly. If still stronger 
glasses are placed before the eye, these combined with his residuum of 
accommodation produce an over-correction of his hypermetropia, and vision 
will once more become indistinct. When, then, we determine the glass 
with which the hypermetrope sees most distinctly, this does not give us the 
entire hypermetropia, but only that portion of it which has been set free 
by the relaxation of the accommodation. This is called the manifest hyper- 
metropia (Hm). The remaining portion which is concealed by the accom- 
modation all the time is the latent hypermetropia (Hl). Both together con-. 
stitute the total hypermetropia (Ht) —i. e., Ht =Hm-+ Hl. In the example 
adduced above, Hm=1 to 2 D, Ht=4 D, and hence HI=2 to 3 D. 

The ratio of Hm to Ht depends upon the range of accommodation, and 
hence chiefly upon the age. In youth, when the range is large, upward of 
half of the total hypermetropia is latent. The older a man grows the 
more the manifest hypermetropia increases at the expense of that which is 
latent, until in old age Hm=Ht. Hence, when we test an old man with 
convex glasses, we find the whole hypermetropia at once; but in persons 
who still possess the power of accommodation, a determination of the 
total hypermetropia is possible only after paralyzing the accommedation 

‘ith ¢ ine.? 
i Bia cies we generally abstain from determining the total hyperme- 
tropia, because atropinization is accompanied by effects which are disagree- 
able to the patient and which last several days.* We ascertain simply the 
manifest hypermetropia from which, when we know the age of the subject, 
a conclusion can be drawn as to the total hypermetropia. However, that 


; i i odly 7 tropia of 

i siderable qualification. I have repeatedly seen a hy permetro 
3 [These statements ee ee and fifty, and it is just in people over forty 
Z)and even 3D latent im persom ting the accommodation to relax. On the other hand 


i i ett : : : ¥ 
ney Bere ee es oil Taek. P accommodation readily so that nearly or quite all his 
many 4 J : 


hypermetropia becomes manifest.—D.] 
fe 4[See, however, page 901.] 
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we may come as near as possible to the true value of the hypermetropia, we 
try to get the patient to relax his accommodation all that he can. For this 
purpose we proceed as follows: 

We place before the eye of the patient, who vs stationed at a distance of 6 
(or 5) metres from the test card, convex glasses, passing very gradually from 
weaker to stronger ones, until the best possible vision has been obtained. The 
STRONGEST convex glass with which this occurs gives the manifest hyperme- 
tropra.® 

It very often happens that a hypermetrope has perfect vision with the 
naked eye, because he corrects his entire hypermetropia by means of the 
accommodation. In this case it is obviously impossible to improve his vis- 
ual acuity with convex glasses. For a case of this sort the statement made 
above may be expressed as follows: The degree of manifest hypermetropia 
is determined by the strongest convex glass with which the patient ts still able 
to see as well as with the naked eye. The fact that any one sees as well at 
a distance with a convex glass as with the naked eye is of itself enough to 
prove the existence of hypermetropia, smce the emmetrope and still more 
the myope sees worse with even weak convex glasses; for, while concave 
glasses can be overcome by a suitable effort of accommodation, there is no 
way of combating the effect of a convex glass, since the crystalline lens can 
not be made flatter than it is already when in the state of accommodative 
repose. 

[A hypermetrope will often accept a stronger glass when looking 
-with both eyes together than when looking with each separately. Hence, 
when by adding stronger and stronger glasses in the way above described 
we have determined the acceptance of each eye by itself, 1. e., the strong- 
est convex glass with which it will still see well, it is a good plan to 
arm each eye with the glass accepted and, making the patient look with 
both eyes, gradually add more convex glasses to one or both until the 
vision with both begins to blur.—D.| 

(When, as in making a post-cycloplegic test (see page 902), we already 
know the total hypermetropia, but wish to determine how much of it 
the patient will accept, we proceed in a reverse way. That is, we put 
on the full correction and, making the patient look with both eyes, ascer- 
tain, first, whether after keeping the correction on awhile he will not 
accept it; if not, then what is the minimum reduction that he will take 
in order to see clearly.—D.] 

In the case of hypermetropia, even more than in that of myopia, 
it is necessary to confirm the results of the subjective method by an objec- 
tive determination. It is only exceptionally the case that we get at the true 
amount of hvpermetropia by the former method; but with the objective test 


5 {If the accommodation is completely paralyzed, the rule is the reverse of that given—i. e., the 
weakest convex glass with which a patient gets maximum vision is the measure of the hypermetropia. 


6{Or, as we say, ‘the strongest glass that the patient accepts.’’-—D.] 
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the total hypermetropia is usually found, the accommodation being entirely 
relaxed during examination with the ophthalmoscope. [Complete relaxa- 
tion is not so very frequent, and to determine hypermetropia accurately 
either by the subjective or objective tests we have to use a cycloplegic (see 
page 901).—D.} 

779. Varieties of Hypermetropia.—The condition, characteristic of 
hypermetropia, in which parallel incident rays are brought to a focus behind 
the retina, may in general be produced by two different causes: 

1. The refractive power of the media is lesseried so that parallel rays 
are not rendered sufficiently convergent to come to a focus upon the retina, 
although the latter is in the same situation as in the normal eye (refractive 
hypermetropia). The cornea may be the part accountable for this state of 
things—e. g., when congenitally it has a low curvature, or when it is flat- 
tened by cicatrices. In the latter case there s always a considerable degree 
of astigmatism as well. The lens gives rise to hypermetropia when it loses 
some of its refractive power. A high degree of hypermetropia is produced 
when the lens disappears from the pupillary area, either from being luxated 
or because it has been removed from the eye altogether (aphakia) [see 
§ 876]. In these cases the eye is not only hypermetropic, but also loses its 
power of accommodation. 

A diminution in refractive power also takes place in advanced age, so 
that the emmetropic eye becomes moderately hypermetropic (1 to 2 D): 
Similarly the hypermetropic’eye gets to be still more hypermetropic, and 
the myopic eye less myopic—in fact small degrees of near-sightedness may 
disappear in this way altogether. The cause of this senile hypermetropia 
is still a matter of dispute. [It is most probably due to changes in the 
lens (see page 861).—D.] 

2. Hypermetropia also develops when the refractive power of the eye 
is normal, but the retina lies too far forward (axial hypermetrepia). This 
may be produced by a protrusion of the retina due to exudations or tumors. 
But the most ordinary cause of axial hypermetropia is an abnormal short- 
ness of the entire eye, so that typical hypermetropia constitutes the opposite 
to typical myopia, which is produced by abnormally great length of the 
eyeball. 

TypicaAL HypERMETROPIA 


780. Symptoms.—Hypermetropes would have indistinct vision both 
for distance and near points if they possessed no accommodation, In hyper- 
metropes, therefore, this latter plays a particularly important part. The 
hypermetrope, therefore, in fact, must—in contradistinction to an emme- 
trope or myope—accommodate even when looking at a distance, as In order 
to see distinctly he must correct his hypermetropia by means of his accom- 


modation. Whether this is possible or not depends upon whether the 
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accommodation when compared with the amount of hypermetropia is pow- 
erful enough to bring the near point within infinite distance (Fig. 388 A). 
If this is not the case, and the near point lies behind the eye, it is impossible 
for the hypermetrope to see distinctly at a distance without a glass (absolute 
hypermetropia). If the near point lies within infinity, distinct vision for 
distance can be attained by an appropriate output of the accommodation 
(facultative hypermetropia). 

The extent to which hypermetropia can be concealed by accommoda- 
tion depends not only upon the degree of the hypermetropia, but also upon 
the strength of the accommodation. But this latter changes with age, 
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Fria. 388.—REGION oF ACCOMMODATION OF THE EYE OF A MAN 23 YEARS OF AGE WITH A TOTAL 
HyYpERMETROPIA OF 4 D AND A RANGE OF ACCOMMODATION OF 9 D. 

; A. If the accommodation is completely at rest, the eye is adjusted for its far point, R, which 
Hies 25 cm. behind the eye. With an expenditure of accommodation amounting to 2 D he point for 
which the eye is adjusted shifts to a distance of 50 cm. behind the eye, and if the range of accommoda- 
tion of this eye amounted to no more than 2 D, the near point of the eye would be situated here ( age 
353 Note). There would then be an absolute hypermetropia, i. e., the eye would not be able to seein 
tinctly in the distance. It is only by an expenditure of 4 D of accommodation that the eye is adjusted 
for infinite distance (facultative hypermetropia). By further exertion of the accommodation the soint 
for which the eye is adjusted shifts from infinity to a finite distance from the eye; e. g., with an ex balers 
ture of 7 D of accommodation to 33 em. and with an expenditure of 9 D of Rocommodaion to 30 Gn 
which, therefore, represents the near point, P, when A=9D. To produce an adjust ment for 33 ¢ n 
expenditure of 7 D of accommodation is required, so that of the total range of aescEnaodetiue Gone 
are left for the positive portion of the range, while 7 D are already put into play- -constitutin thr s th 
negative portion of the range. In this case, therefore, continuous work at 33 em. would be Seo sssibl 

aBi Displacement of the region of accommodation by a correcting convex glass The jar pent 
now lies at infinite distance, the near point at 11 em., asin the case of an emmetrope in whom 4—9D 
For a working distance of 33 cm., 3 D of accommodation are required, so that the positive yoruron Gl 
the range amounts to 6 D, the negative to 3 D. : j Siete h siaca 


diminishing steadily with advancing years, and in old age becoming 
[almost] zero. [See Fig. 377.] Every variety of hypermetropia, therefore, 
even the slightest, becomes absolute in advanced age. 

781. Near VisionWhile the hypermetrope needs accommodation 
even for distant vision, this is much more the case for seeing near by. The 
amplitude of accommodation, A, of the hypermetrope is the same as that 
of the emmetrope and myope. To be sure, the near point in hypermetropes 
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lies farther off from the eye, but this is simply because a part of A is em- 
ployed in the correction of hypermetropia, and only the remainder is left 
to effect the adjustment for shorter distances. For the same reason the 
hypermetrope requires for a certain working distance more accommodation 
than the emmetrope, the excess, in fact, corresponding precisely to the 
amount of the hypermetropia. Let us assume that work has to be done 
at a distance of 33 em. For this purpose the emmetrope must use an accom- 
modation of 3 D. A hypermetrope with H = 4 D also uses the same amount 
of accommodation; but he must employ 4 D more to conceal his hyperme- 
tropia, so that altogether he must make an accommodative effort of 7 D 
(Fig. 388 A). Now, as his range of accommodation is no greater than that 
of an emmetrope, this great amount of accommodation causes him propor- 
tionally more trouble. He may be said to be always dragging about with 


~ him a deficit in his accommodation, namely, the quota of the latter neces— 


sary for the correction of the hypermetropia—a deficit which causes him to» 
tire quickly when doing near work (asthenopia). At first, vision near by is: 
distinct and the work goes on well; but after a little while the objects, print,. 
near work, etc., begin to grow indistinct and are blurred as though envel-- 
oped in a slight haze. This is owing to the fact that the over-strained 
accommodation gives way, and the eye then ceases to be properly focused. 
A short period of rest, during which the eyes look at distant objects or are 
kept closed, enables them to continue the work. But the same obscuration 
soon sets in again and compels another pause. These periods of enforced 
rest are the more frequently repeated and are of greater duration the longer 
the work is kept up. With them are associated pain in the eyes, and more 
especially pain in the forehead and headaches. The symptoms just de- 
scribed at first make their appearance only after quite prolonged work— 
i. e., toward evening. But afterward they keep coming on earlier and 
earlier all the time, so that the work has to be set aside after even a short 
period of exertion. After quite a prolonged rest—for example, after the 
repose of Sunday or upon laying work aside for several weeks—the symptoms 
probably disappear for a number of days in succession, but only to appear 
again in the old way and in an evenmore aggravated fashion. They are de- 
pendent upon an exhaustion of the ciliary muscle, and are hence comprised 
under thename of asthenopia accommodativa to distinguish them from asthen- 
opia muscularis (see page 790), and asthenopia nervosa (see page 646). 
The injurious effect of hypermetropia upon vision at near points 
furthermore finds expression in the fact that presbyopza sets in earlier than 
in emmetropic eyes. At the same age—i. e., with the same range of accom- 
modation—the near point of the hypermetrope is situated farther from the 
eye than is that of the emmetrope. In an emmetrope of about forty years 
with a range of accommodation of 5 D, P lies at 20 em. (100+5=20). A 
hypermetrope having a hypermetropia of 2 D would at the same age and 
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with the same range of accommodation have his near point at 33 cm. (cor- | 
responding to 3 D), since he has to use 2 D of his range of accommodation 
for correcting his hypermetropia. Such a hypermetrope, therefore, would 
be already on the threshold of presbyopia at the age of forty, i. e., almost 
ten years earlier than an emmetrope. 


Myopia is a state which is the direct opposite of hypermetropia, and yet there are 
cases in which these two conditions might be confounded with each other. When 
the hypermetropia has attained a very high degree, even the strongest effort of accom- 
modation proves insufficient for rendering the vision at near points distinct. Then 
the hypermetrope gives up altogether the attempt to focus his eye for near points and 
holds the object as close as possible so as to get large retinal images, just as amblyopie 
patients do (see page 848). In this way very small print is often read well at a distance 
of a few centimetres, and, as at the same time distant vision is pretty bad, such a condi- 
tion may easily be regarded as myopia. Examination with glasses and with the oph- 
thalmoscope, however, will at once rectify the diagnosis. 

The difference in the capacity of the emmetropic, the myopic and the hyper- 
metropic eye for close work is explained by the difference in the position of their region 
of accommodation (see page 854). In emmetropia it has its normal position, in myopia 
it is carried inward (8, Fig. 372), and in hypermetropia it is displaced outward. For 
example, suppose that an emmetrope twenty-three years old has a range of aecommo- 
dation of 9 D. His region of accommodation then extends from © to a point 11 em. 
from the eye where his near point is situated. Let us compare with this an eye having 
the same range of accommodation but with a total hypermetropia of 4 D. In this ease 
R lies 25 em. (100-+4 =25) behind the eye (Fig. 388 A). To change its adjustment from 
this far point to “ntinity, the eye must employ 4 D of its accommodation. Hence, out 
of its whole range of accommodation of 9 D the eye has only 5 D left, and by means 
of this it is enabled to approach to within 20 cm. of the object. This distance, there- 
fore, is the near point(P) of the eye. Hence the region of accommodation of the latter 
is displaced in comparison with that of an emmetrepie eye haying the same range, 
and in such a way that the near point is made to recede 9 cm. farther away (from 11 to 
20 em.), while at its other end a part of the region of accommodation is made to lie 
behind the eye. But as this latter portion can not be utilized, and, on the other hand, 
the recession of the near point hinders the vision of objects close by, the displacement 
of the region of accommodation is unfavorable to the availability of the eye for work- 
ing purposes. 

The use of a convex glass does not indeed enlarge the region of accommodation, 
but it nevertheless removes the accommodative troubles, sinee it brings the region of 
accommodation into a more available position—it now, in fact, lying entirely in front 
of the eye (Fig. 388 B). 

The calculation of the range of accommodation in hypermetropia is made ac- 
cording to the same rules as in emmetropia. P can be found directly, R is determined 
by the convex glass which corrects the error. A=P—R; hence in the example selected, 
A=5D—(—4D)=9D. R must be taken as a negative because it lies behind the eye, 
i. e., represents a deficiency in refractive power (page 865 Note). 

The position of &, and consequently the Ht, can be estimated from the position 
of P, if we know the range of accommodation of the subject. Since A=P—R, R=P—A. 
If in the above example P had been found to be 5 D, and for the age of twenty-three 
A is assumed to be 9 D, we would have R=5D—9D=—4D. Hence, Ht=4D. [Really, 
owing to the wide variations shown by A at any given age (see Fig. 377) we can not 
estimate even approximately the hypermetropia in this way. If P falls below the lower 
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limit for the age (Fig. 377) all that we can say is that either the accommodation is actu- 
ally subnormal or there is some latent hypermetropia. Which is the case will be de- 


termined by the use of a eycloplegic which will show the total amount of hypermetropia 
present.—D.] 


782. Etiology.—The shortness of the eyeball, which is the cause of 
hypermetropia, is congenital. Almost all newborn children are hyperme- 
tropic, their eyes being originally constructed too short in proportion to the 
refractive power of the media. As the child grows, the eyeballs elongate in 
proportion, so that they acquire their requisite axial length and become 
emmetropic—indeed, the elongation may even shoot beyond the mark and 
pass into myopia.’ On the other hand, the elongation of the eye may fail 
to take place to a sufficient degree, so that a certain amount of hyperme- 
tropia remains during the whole life. This is the typical hypermetropia 
of which we are speaking. Slight degrees of it are so frequent that hyper- 
metropia must be regarded as the most frequent refractive state, being 
indeed [much] more frequent than emmetropia itself. Higher degrees of 
hypermetropia, on the other hand, are pretty rare—much rarer, in fact, 
than the high degrees of myopia. They can be recognized at once by exter- 
nal examination of the eye, which shows that the eyeball is distinctly dimin- 
ished in size, and that the anterior chamber is shallower and the pupil more 
contracted than usual. If the eye is turned strongly inward, we see that 
the equatorial region of the ball, which comes into view in the outer part 
of the palpebral fissure, presents a particularly sharp curve as it turns back- 
ward, and thus gives evidence of the shortness of the axis of the eyeball. 
The ophthalmoscope shows that the interior of the eye is sound. The 
hypermetropic eye, accordingly, is an optically defective but otherwise 
healthy eye, as opposed to the myopic eye, which is diseased, and is hence 
threatened by.dangers of various kinds. . 

In the extreme degrees of hypermetropia, however, the eye is no longer 
normal as a whole. It is abnormally small even from the time of birth 
(slight degree of microphthalmus), and many of these eyes show other 
signs of disordered development, such as a strikingly small cornea, marked 
astigmatism, deficient visual acuity due to incomplete formation of the 
retina, and other congenital anomalies. 

Hypermetropia does not change in its amount [materially after child- 
hood]; it remains stationary. It is true that to the laity it appears - if 
it increased with years, because vision at near points becomes steadily 
worse; but this is not due to an increase in the error of refraction, Pua 
a diminution in the power of accommodation, the result of which is yee 
less and less of the hypermetropia is concealed all the time. [In advanced 
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783. Treatment.—There is no way of curing hypermetropia—i. e., of 
transforming it into emmetropia. All that we can do is to make vision 
distinct by means of properly selected glasses, and enable it to be per- 
formed without asthenopia. 

When the hypermetropia is not great and the range of accommoda- 
tion is good, glasses for distant vision are not as a general thing required. 
In the contrary event, convex glasses are given which correct the manifest 
hypermetropia. [See, however, page 901.] 

Of more importance than the glasses for distance are those for near 
points or for working. A priori it would seem best to have the hyper- 
metrope start at once by wearing that glass which corrects the total hyper- 
metropia and so convert him into an emmetrope; but in most cases this 
would not be borne, owing to the tendency that he has to render his 
hypermetropia partly latent by his accommodation; he would soon quite 
forget altogether how to correct his hypermetropia by his accommodation 
in case of necessity. We therefore confine ourselves to correcting the 
hypermetropia by glasses only as far as is required to relieve the asthenopia. 
For this purpose it is generally sufficient to give for working purposes a 
glass which is somewhat stronger than the manifest hypermetropia. Inas- 
much as the latter increases with the age, the hypermetrope must keep 
on getting stronger and stronger glasses. It is only when he has reached 
an age at which his range of accommodation = 0 [or at least has reached 
its minimum], and hence his whole hypermetropia has become manifest, 
that he can keep on using the same glasses. 

Full correction of the total hypermetropia, and constant wearing 
of the glasses for distance and near, are indicated only in those cases in 
which we have to combat a strabismus convergens which has developed 
in consequence of hypermetropia. In this case we must sometimes first 
paralyze the accommodation with atropine in order to have the correct- 
ing glass tolerated.’ 


8 (For this whole question of glasses in hypermetropia, see also page 901.—D.} 


CHAPTER V 
ASTIGMATISM 


784. Definition.—By astigmatism! (As) we understand that refrac- 
tive condition of the eye in which parallel rays falling upon the eye are 
not at any spot brought to a common focus. This is the case when the 
curvature of the refracting media is irregular. We distinguish two kinds 
of astigmatism: regular and irregular. 


(a) Regular Astigmatism 

This is present when the curvature of the refracting media is regu- 
lar in each meridian considered by itself, but the separate meridians are 
distinguished from each other by differences in curvature. The ordi- 
nary site of regular astigmatism is in the cornea. In Fig.3892,let v h vy hy 
represent the circumference of the cornea, and v v, its vertical meridian, 
which has a curvature such that the rays passing through it come to a 
focus at f. In the meridian immediately adjoining the curvature becomes 
a little greater, and in the succeeding meridians it increases still more, 
so that it reaches its maximum value in the horizontal meridian, h hj. 
The rays passing through the latter may be supposed to intersect at a 
point as near as f;. In this case we would have one meridian (the hori- 
zontal one) which refracts rays most strongly, and one perpendicular to 
it (the vertical meridian) which refracts most feebly; and corresponding 
to these are the most anterior and posterior foci, f; and f. These two 
meridians thus distinguished from the others are called principal 
meridians; those meridians lying between them represent all termediate 
stages of curvature and refractive power. We see that when the refract- 
ing surface is of this character there is no point at all at which all the rays 
passing through the surface will unite. The image of a point cast by such 
a surface upon a receptive screen is therefore not a point, but a diffusion 
circle. In reality, however, the image does not always have a circular 
shape. On the contrary, its shape depends upon the spot where the retina 
is situated and cuts the conical beam of rays. Let us assume that the 
retina is at the point, marked 1. Here the rays passing through the hori- 
zontal meridian are already brought closer together than those incident 
upon the vertical meridian; hence the section of the cone of rays is an 


1 ivative, and otiyua point. [Called also astigmia.—D.] : ‘ 
Pip acpiecntaiaon of ditusion images given in the figure is ay pcre ee ee 
mately correct, and that forthe following reason. Inacylindricallens (Fig. 355) t ne mes ae bas ie 
is perper dicular to the axis is the only one that has a spherical curvature. The curvature © e inter- 
eaten idians is not spherical but elliptical, for which reason the rays that pass through them are 
oe whe ¢ mans focus at all. [The idea here is that, while the non-astigmatic cornea 1s practically _ 
gt prey C hon lens, the astigmatic cornea is such a lens with a cylinder superadded. ‘This concep- 
a spherical co it : recise, yet serves to show how an astigmatic sees. Just as a myope sees like 
ee eta ve like an emmetrope wearing a concave 


yveari 5 and a hype:metrope ; é ‘ 
an emmetrope wearing a convex sphere yp! I Se tate nines wencat 


sphere (page 865, Note),so an astigmatic sees like an emmetrope 
sphere.—D.] 
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erect ellipse. At 2, where the rays of the horizontal meridian come exactly 
to a focus, the image of the point is a vertical line. In the same way the 
shape of the cross section of the beam—i. e., the shape of the diffusion 
image of the point—can be ascertained for the more posteriorly situated 
points from 3 to 7. This cross section is sometimes an erect or horizontal 
ellipse, sometimes a vertical or horizontal line, according as it is more or 
less distant from the refracting surface. It is only at 4 that there is really 
a diffusion circle, because here the rays passing through the horizontal 
meridian diverge to the same extent that those of the vertical meridian 


converge. 


Fia. 389.—REFRACTION OF THE Rays IN REGULAR ASTIGMATISM. 


785. Symptoms.—The vision of an astigmatic person is not simply 
indistinct, like that of one who is near-sighted or far-sighted, but pre- 
sents special peculiarities on account of the elongated form of the diffu- 
sion images. Circular surfaces—e. g., the full moon—appear elliptical. 
Straight lines sometimes look distinet, sometimes indistinct, according to 
the direction that they take. Let us assume that we have before us an 
astigmatic who sees the diffusion image of a point under the form of a 
vertical line (2, Fig. 389). If this man looks at two lines standing per- 
pendicular to each other (Fig. 390 A) the horizontal line appears broad- 
ened and indistinct but the vertical line seems sharply defined. For, we 
may imagine these two lines to be composed of an infinite number of 
points. Kach one of these points appears upon the retina of the astig- 
matic patient under the form of a short vertical stroke, and the horizontal 
line therefore appears under the form of a series of such vertical strokes, 
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which coalesce and constitute a band of a certain degree of breadth (Fig. 
390 B). In the vertical line the vertical strokes are superimposed and 
cover each other, so that the line appears sharply defined. Only the upper- 
most and lowermost diffusion lines extend beyond the terminal points of 
the vertical line and make it seem somewhat longer than it is. Thus, for 
every astigmatic person there is one direction in which straight lines appear 
most distinct, and one, perpendicular to it, in which they appear most 
confused. Most people looking attentively at Fig. 391 will find that, of 
the radii of the star, two situated opposite to each other are distinguished 
by being particularly black, while the radii which are placed perpendicu- 
lar to them are the ones that look most pale and hazy. If one is unable 
to perceive this phenomenon with the naked eye, he can readily do so if 


B 
A 
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Fic. 390.—RetTINAL IMAGES IN REGULAR ASTIGMATISM. 
A, two lines placed perpendicular to each other; B, their image upon the retina of an astigmatic person. 


_ he makes himself artificially astigmatic by placing a cylindrical glass before 
his eye.’ At 
[As the example above given shows, Vertical lines appear distinct when 
the horizontal meridian is emmetropic. At the same time horizontal lines 
appear indistinct. These lines, on the other hand, would be distinct if 
the vertical meridian were emmetropic. But the vertical meridian can be 
rendered emmetropic by adding the glass that corrects its refractive error. 
In other words, the glass with which a given set of lines is seen distinctly 
measures the refraction of the meridian at right angles. (For the appli- 
cation of this principle in ophthalmoscopy see page 106 and for its appli- 
cation in the correction of astigmatism see page 893.)—D.] 


The vision in regular astigmatism is distinguished from the vision in other errors 


of refraction by the fact that objects are distorted, and that not all their parts are 


seen with the same indistinctness. If the principal meridians are respectively vertical 


and horizontal, the horizontal strokes of the letter # will appear distinct, the vertical 
‘ ; . . . a bs é a e x 
ones indistinct, or vice versa. The astigmatic subject then tries from the parts which 


he does see to guess the rest. If we test the visual acuity of a myope at a distance of 


6 metres, he will read Snellen’s test types well down to a certain line, and then BOD 
because he does no see any farther down. The astigmatic patient, on the contrary, 
often reads the whole card down to the bottom, but tells almost every ae wren 
In fact, he takes refuge in guessing—an attempt, however, which eS a iS 
culiar and very unpleasant form of asthenopia. [Another cause # oe A eee 
in astigmatics is the apparent motion of objects—wheel-like figures appearing to re- 


volve and check patterns seeming to dance. ‘his causes asthenopia and vertigo.—D.] 


3 In default of this, an ordinary convex or concave glass may be used, which is held obliquely 
before the eye |see page 835]. 
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786, Varieties—The principal meridians usually intersect at a right 
angle, and the cross formed by them is generally vertical, more rarely 
oblique. The rule is, that the vertical meridian has a greater curvature 
than the horizontal (astigmatism ‘with the rule,” or direct astigmatism) ; 
but the reverse condition (selected for Fig. 389 because of being more 
readily represented) also occurs, and is then known as astigmatism “against 
the rule” or inverse astigmatism. The degree of astigmatism is expressed 
by the difference between the meridians of greatest and of least refraction. 
As long as this difference remains below 1D the astigmatism may be 
regarded as physiological, since most eyes are affected with a slight error 
of curvature of this sort; but as soon as the astigmatism amounts to 1 D 
or over it must be regarded as pathological. It then affects the visual 
acuity, and in many cases causes asthenopic troubles. [An astigmatism 
of even 0.25 D may do this, particularly if the eyes are used much for fine 
work, and an astigmatism of 0.75 D so often gives rise to trouble that it 
can scarcely be regarded as physiological.—D.] 

Various kinds of astigmatism are distinguished, according to the 
character of the refraction of the principal meridians.- If one meridian is 
emmetropic and the other hypermetropic, the condition is called simple 
hypermetropic astigmatism; but if both meridians are hypermetropic, it is 
compound hypermetropic astigmatism. In analogous fashion we speak of 
simpleand compound myopicastigmatism. Ifone meridian is hypermetropic 
and the other myopic, the condition is known as mixed astigmatism. 

The sort of regular astigmatism that is present, whether hypermetropic, myopic, 
or mixed, does not depend upon the curvature of the cornea, but upon the situation 
of the retina. If the latter is situated at point 2 (Fig. 389), where the rays passing 
through the horizontal meridian come to a focus, this meridian has an emmetropic 
refraction. But the vertical meridian is hypermetropic, since the rays passing through 
it would meet behind the retina. In this ease, then, there would be simple hyper- 
metropic astigmatism. If the position of the retina were farther forward—e. g., at 
1—both meridians would be hypermetropic; that is, compound hypermetropic astig- 
matism would be present. If the retina was situated at any point between 2 and 6, 
the rays passing through the horizontal meridian would have their focus in front of 
the retina, those passing through the vertical meridian behind it, and mixed astig- 
matism would exist. If the retina is situated at 6, simple myopie astigmatism is 
present, because there is emmetropia for the vertical meridian and myopia for the 
horizontal meridian. Finally, if the retina should be situated still farther back—that 
is, behind the foei of both meridians—myopia would be present in both the latter or 
there would be compound myopie astigmatism. Hypermetropic astigmatism is the 
kind most frequently occurring; mixed astigmatism is the rarest. 

The astigmatism is frequently found to be greater after atropinization than before 
(Dobrowolski). [Sometimes it is less.—D.] 

787. Subjective Determination.—How astigmatism is determined and corrected 
may be illustrated by the following example: We first make the astigmatic patient 
look at Fig. 391, or some similar stellate figure, and thus, for instance, determine that 
the horizontal radii of the star appear blackest. From this we conclude that vertical 
lines are seen distinctly, because the horizontal radii are composed of vertical lines. If 


oa 
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vertical lines appear distinct, the diffusion lines or diffusion ellipses must be vertical 
(Fig. 390)—i. e., the adjustment for the horizontal meridian must be correct, or at 
least be better than the adjustment for the vertical meridian. We now place a sten- 
opeic slit before the eye, in the horizontal meridian first, and determine the refraction 
of the latter by means of spherical glasses. Suppose that this refraction is M=1D. 
Now making a test of the refraction with the slit in the vertical position a myopia 
of 3D isfound. Accordingly, myopic astigmatism (Am) is present, and one, namely, 
of 2 D, since the degree of astigmatism is given by the difference in refraction of the 
two meridians. The correction of this astigmatism would have to be made by two 
concave cylindrical glasses, the axes of which run vertical and horizontal. The cylin- 
drical glass refracts most strongly in the direction perpendicular to its axis (see page 
835). Hence, to correct the horizontal meridian, we must place a cylindrical glass of 
—1D with the axis vertical, and for the vertical meridian a glass of--3 D with the 
axis horizontal. This is written as follows: 
—I D cyl: vert. + —3'D ev. horiz.4 

In eases where the sign of both cylinders is the same, a simplification of the com- 
bination is obtained in the following way: If, in the example chosen, we give a spherical 
glass of—1 D, this will correct the horizontal meridian to the point of emmetropia, 


Fic. 391.—Tesr OBJECT FOR DETERMINING [Fie. 392.—VeERsOEFr’s CHART.—D.] 
THE POSITION OF THE PRINCIPAL MERID- 
IANS IN REGULAR ASTIGMATISM. 
and the vertical meridian to 2D. To get the complete correction, therefore, we aN 
: 39 4 r i ‘e yrescribe 
need to add to the spherical glass a —2D cyl. horiz. We would therefore pres 


—1Dsph. © —2D cyl. horiz. 


Ss 
If the two principal meridians are not vertical and horizontal, but oblique, their di- 
rection must be denoted in degrees of arc. In consonance with international agreement, 
this is done by stating the position of the upper end of the meridian, To define ong 
position, the trial frame carries the upper half of a circular are divided into madi 
the numbering of which begins with 0° at the nasal end of the horizontal meridian ane 
extends to 180° at the temporal end of the horizontal meridian. [See Vig. 358, anc 
for other methods of indicating the principal meridians or axis of seu praia, £08 F ee 
356 and 357. Fig. 356 represents the method whichstill prevails throughout America.— : 

As can be seen from the example above given nace glasses may perortines, 
both with spherical glasses and with cylinders [see page 835], and they may likewise be 


4[A rding to the notation prevailing in this country (see page 835), this would be written: 
Acco e aut 


is 180° 30 als sauivalent formula mentioned just-afterward 
—1.00 cyl. axis 90° ©—3.00 cyl. axis 180°. So also the equivalent forn j 


would be written:—1.00 sph. C—2.00 cyl. axis 180°.—-D.] 
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combined with prisms, Cylinders are generally prescribed in spectacles in order to 
insure the axis of the glass being in proper position. 

[The astigmatism test-card shown in Fig. 391 is usually replaced in this country 
by one in which each radiating bar is composed of three parallel lines; the horizontal 
bar, for instance, being made up of three long horizontal lines instead of a series of 
short vertical ones. In this case, of course, if the horizontal bar appeared the blackest 
it would show that the patient saw horizontal lines most distinctly, i. e., that his verti- 
cal meridian was most nearly emmetropic, and we should, therefore, place the axis 
of the correcting cylinder vertical. Many modifications of this chart have been devised. 
One of the best is that of Verhoeff (Fig. 392) which is used as follows:—The chart is 
rotated until one set of lines comes out most distinctly, making the two correspond- 
ing segments stand out black and sharp, while the other two segments look gray. Cylin- 
ders are then applied with their axes parallel to the less distinct lines of the chart. The 
cylinder which, with its axis in this direction makes all the lines look alike is the one 
that corrects the astigmatism. Other devices, such as disks or letters (Pray’s letters) 
composed of lines running in different directions are“used for the same purpose.—D.] 

The result which we obtain by the methodical method of determining the astig- 
matism above described we can get at more quickly in the following way: If we suspect 
astigmatism, we put on a weak cylindrical glass and rotate it before the eye. If there 
is no astigmatism worth mentioning, the patient sees worse through the cylindrical 
glass, no matter what direction it occupies in front of the eye. But if astigmatism is 
present, the sight will become better when the glass is in a certain position, worse when 
it is in another. In this way we find the direction of the principal meridians. Then, 
convex, or concave cylinders of varying strength, and either alone or combined with 
spherical glasses, are successively placed before the eye in a direction corresponding to 
the principal meridian, until the best combination has been found. [See also page $00.] 

788. Objective Determination.—The objective determination of astigmatism can 
be made in different ways. Astigmatism manifests itself with the ophihalmoscope by the 
alteration in the shape of the papilla, which in regular astigmatism appears elongated 
either lengthwise or laterally (see page 111); in irregular astigmatism it appears irregu- 
larly distorted. In the erect image, in cases of regula~ astigmatism, the horizontal 
and vertical vessels are not seen distinctly at the same time, as, owing to the difference 
in their refraction they require different correcting glasses. It is on account of this 
fact that it is possible to determine the astigmatism with the erect image by finding 
for each of the two principal meridians the correcting glass with which the vessels of 
this meridian are seen most distinctly [page 106]. Astigmatism can also be made out 
and measured [most accurately] by means of the shadow test, [see page 110.] 

Regular corneal astigmatism can be determined by measuring the radii directly. 
This is done by means of the ophthalmometer which was first constructed by Helm- 
holtz; Javal and Schiétz then modified the instrument so that it could be applied prac- 
tically, and it is now in general use. It is the task of the ophthalmometer to measure the 
reflected images on the cornea. From this the curvature of the latter can be deduced; 
for, the greater the curvature of a convex mirror, such as the cornea represents, the 
smaller are the reflected images. The reflected images which serve for making the 
measurement should be quite large, because then the changes in their size which take 
place when the radius of the cornea alters have also large absolute values and hence 
are more readily demonstrated by measurement. For producing the reflected image, 
therefore, an object is selected whose image on the cornea is so large as to be equiva- 
lent to at least a fourth of a meridian of the cornea. If we should take for such an 
object an upright white cross, the reflected images of the two arms of the cross would 
be equally long only in case the cornea had a precisely spherical curvature. If, as is 
generally the case, the vertical meridian is more curved than the horizontal, the verti- 
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cal arm of the cross would look shorter in the reflected image than the horizontal; and 
from the difference between the two we might compute the difference between the 
radii of curvature of the two principal meridians. It is an easier matter to take, 
instead of the whole cross, only one arm of it, which is first placed horizontally then 
vertically, and is measured in both instances. We, accordingly, give the object a 
considerable elongation, so that its reflected image shall extend mainly over only one 
meridian of the cornea; e. g., if the object is horizontal its reflected image will belong 
to the horizontal meridian (Fig. 394). In order to be able to vary the size of the object, 
we take what may be called simply two opposite edges of it. These are represented 
by the two white plates a and 8 which are attached to the circular are B, and are mov- 
able on it (Fig. 393). By carrying them nearer together or further apart, the object as 
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z i oF NE f SEEN BY THE OPpHTHALMOMETER, 
Fras. 394 to 396.—RerFLecrep Imacus ON THE CORNEA As § 


a whole is diminished or enlarged and so too is its reflected image on the cornea. Tf 
the size of the object is constant and its distance from the eye that is being tested is 
also constant, the size of the reflected image will vary only with the degree of the cor- 
neal curvature. Hence the latter can be computed if the size of the reflected image 
is known. Helmholtz was the first to measure this precisely, using the method of du- 
plication of the reflected image. The apparatus designed to effect this is placed in the 
telescope which passes through the center of the are B, and shows the reflected eae 
in a magnified form In the ophthalmometer of Javal and Schiste, which is Pains 
ally used, the doubling of the image is accomplished by a prism eee ee 
Iceland spar, and in the instrument made by Kagenaar by means of two glass prisms 
whose refracting angles meet in the center. Hence, if we look through the telescope 
at the cornea we see the latter and also the images upon it double. The doubling is 
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so contrived that the two images partly overlap (in Fig. 395 the image a, 6b; partially 
overlaps the image ab). If now by approximating the two plates a and 6 on the arc B 
we make the object smaller, its reflected image also becomes smaller; a advances toward 
6, and %, toward b;. At the same time a; also comes closer and closer to b, until at 
last when the plate a has been brought sufficiently close to plate 8, their inner edges 
which face each other come in contact (Fig. 395). We now read off on the are the 
distance between the two plates, i. e., the size of the object; and since the distance 
of the latter from the cornea on which the reflection is cast and also the amount of 
the doubling are known, we can compute the size of the corneal image and from this 
the curvature of the cornea. For convenience the arc B is so graduated that from the 
position of the plates the radius of the 
cornea in millimetres or the refractive 
power of the cornea in dioptries can be 
read off directly on it. 

If now the are is placed vertical 
its reflected image will lie in the 
vertical meridian of the cornea. If this 
has the same curvature as the hori- 
zontal meridian the reflected image 
will remain unaltered. If, however 
there is a greater curvature in this 
meridian as is the ease in astig- 
matism with the rule, the reflected 
image becomes smaller. aand b come 
closer together, and so do a, and by, 
whence it follows that now a slidesover 
on 6 and partly overlaps it (Fig. 396). 
By enlarging the object, i. e., by 
separating the plates a and 8 from each 
other, we can now enlarge the double 
reflected image to such an extent that 
a and b again come just in contact. If 
then we again read off on the are the 
curvature of the cornea, we shall as- 
certain how much the latter has in- 
creased in comparison with the hori- 
zontal meridian, i. e., we shall ascertain 
the amount of the astigmatism. But 
we can also deduce this directly from 
the amount of overlapping of a; and b. 
For this purpose plate 4 does not 
constitute a rectangle but a stair 
an overlapping of one step corresponds to 
an increase of refractive power of one dioptry. Thus in the case represented in Figs. 
395 and 396 the vertical meridian would be 3 D more refractive than the horizontal. 

[In using the ophthalmometer the arm B is rotated until the meridian is found in 
which the images of a and } are furthest apart. 
curvature or first principal meridian. The direction of this is read off on a-scale attached 
to the instrument, and then the arm i 


(F1a. 397.—Pracrpo’s Disk.—D.] 


figure with six steps so measured off that 


This is the meridian of. least corneal 


S rotated until the images are closest together 
(meridian of greatest corneal curvature or second principal meridian). 


The difference 
in refraction between the two meridians 


is then measured in the way described, The two 
principal meridians are almost always at right angles to each other.—D ] 
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[Fic. 398.—Kpratoscopic IMAGES IN A CASE OF ReGuLAR INVERSE ASTIGMATISM. 
After Javal (from Norris and Oliver). 


¢ The reflex is an ellipse with the vertical diameter the longer. 
tlying portions of the cornea where the astigmatism is more marked and 


[Frc. 399.—Kerratoscopic IMAGES IN A CASE OF IRREGULAR ASTIGMATISM, 
After Javal (from Norris and Oliver).—D.] 
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The determination of the ‘corneal astigmatism with the ophthalmometer facili- 
tates very greatly the determination of the total astigmatism pr<sent, but does not 
alone suffice for this purpose; in every case the examination of the eye with glasses 
must also be made. For in the first place the ophthalmometer gives only the difference 
in refraction between the two principal meridians, but not their absolute refraction; 
it does not tell us whether either one of these meridians is hvpermetropic or myopic 
or to what extent they are so. In the second place the astigmatism that is determined 
with the ophthalmometer does not agree precisely with that which is found with tests 
by glasses, for the ophthalmometer shows only the astigmatism of the cornea, but 
the glasses give the astigmatism of the whole eye (functional As). Yet the difference 
between one kind of astigmatism and the other is almost always in the same sense, 
there being added to the corneal astigmatism an astigmatism of 0.5—1 D against the rule, 
the seat of which is probably in the lens. Hence the functional astigmatism appears 
to be 0.5—1 D less than the corneal astigmatism in case the latter is with the rule, 
and as much greater than the corneal astigmatism when the latter is against the rule. 
[This statement has many exceptions. The corneal astigmatism determined by the 
ophthalmometer differs from the total astigmatism by a variable amount. Moreover, 
the axis indicated by the ophthalmometer does not always coincide with the true axis. 
==); 

A very useful instrument for determining whether there is actually any great 
amount of corneal astigmatism present is Placido’s keratoscope [see Fig. 397]. This con- 
sists of a disk of cardboard, one surface of which bears a number of black concentric 
rings upon a white ground. An aperture in the center of the disk, and corresponding to 
the center of the rings, allows the observer to look through the disk. The disk is held so 
that the side with the rings upon it is turned toward the eye that is being examined, 
and so that the plane of the disk is parallel to the base of the cornea. If now we look 
through the central aperture at the eye, we see the rings mirrored upon its cornea. 
If the cornea has the normal curvature, these rings appear perfectly circular; if not, 
the rings are transformed into ellipses, or show irregular bulgings, according as regular 
or irregular astigmatism is present. [See Figs. 398, 399.] 


789. Etiology and Treatment.—The cause of regular astigmatism in 
the great majority of cases is a congenital irregularity of the curvature of 
the cornea—a condition which is apt to be transmitted by heredity. In 
high degrees of congenital astigmatism it is generally impossible, even 
with perfect correction of the astigmatism, to bring the visual acuity up 
to the normal pitch; and these cases are associated not infrequently with 
other defects in the development of the eye. Congenital astigmatism is 
often present in both eyes, although not always in the same degree, and the 
direction of the principal meridians is apt to be symmetrical in the two 
eyes. Acquired astigmatism may have its cause in the cornea or in the 
lens. The former variety occurs when the curvature of the cornea has 
been altered, either because of diseases affecting it, or still more frequently 
because of operations. After every cataract operation, and in fact even 
after an iridectomy, a certain degree of corneal astigmatism develops, 
which indeed diminishes with the consolidation of the cicatrix, but seldom 
disappears entirely. The lens gives rise to regular astigmatism when it 
is obliquely placed, as, for example, in case of subluxation. This state 
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of things can readily be imitated experimentally if we look through a. 
spherical lens obliquely. The print then looks as if in a state of 
astigmatic distortion, and the separate radii of Fig. 391 seem to differ in. 
distinctness. Accordingly, an obliquely placed spherical lens acts also as. 
a cylindrical one (pages 835, 891, Note). Many astigmatic patients who 
wear spherical glasses hit upon this fact themselves; to see better, they place 
their spherical glasses in such a way as to look obliquely through them. 
The treatment of astigmatism consists in correcting it as precisely as 
possible by means of cylindrical glasses [page 902}. In this way distinct 
vision can be secured, and at the same time the asthenopia is relieved, 


(b) Irregular Astigmatism 

790. Irregular astigmatism occurs when the curvature in any one 
single meridian is not everywhere alike, so that the rays passing through: 
the same meridian are never united in one point [or when successive: 
meridians differ irregularly in -refraction.—D]. A certain degree of 
irregular astigmatism must be regarded as_ physiological, as it 
is present in every eye, its location being the lens. The individual sectors 
composing the latter do not all have the same refracting power, this 
being probably due to unequal curvature of their surfaces. Accordingly, 
the images of a point which these sectors cast do not all fall upon the 
same spot in the retina, although they come so close together that for the 
most part they overlap. 

Under pathological conditions—e. g., in begining opacity of the 
lens—this lenticular astigmatism is so much increased as to give notice- 
able trouble. As the refractive power of the separate sectors of the lens 
becomes more and more different, the images produced by them recede 
farther and farther apart, so that ultimately they appear entirely distinct 
from each other. It is in this way that monocular polyopia develops in 
incipient cataract (see page 527). A very high degree of irregular astig- 
matism occurs in subluxation of the lens when the lenticular displacement 
is so considerable that part of the pupil still has the lens in it and part is 
aphakic. 

Pathological irregular astigmatism originates from the cornea even 
more frequently than it does from the lens. It is found in this situation 
as an accompaniment of marked regular astigmatism, and still more 
often in consequence of pathological processes—e. g., in faceting of the 
cornea after ulceration, or in flattening or ectases of the entire cornea. 

Irregular astigmatism makes objects appear irregularly distorted 
and sometimes also look multiple [polyopia], and in this way diminishes. 
the visual acuity. It is impossible to correct it by glasses. Tn some cases: 
of irregular corneal astigmatism 2 stenopzic slit is of service for making: 
out minute objects (see page 839). 
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[APPENDIX 


[791. Determination of Refraction with Glasses.—In determining the 
refraction with the trial case, it is important to proceed according to some 
systematic plan. A good way is as follows: Unless we know the patient 
is myopic, we begin with a convex spherical glass (one of 0.50 D if the vision 
is already good, one of 1 or 2 D, if the vision is poor). We change this 
rapidly until no further improvement in sight is secured.° Then we begin 
adding to this strongest convex glass accepted cylinders, weak if the 
vision is good, stronger if the vision is poor, and at axes of 90°, 180°, 45°, 
and 135°, respectively. We try convex cylinders first, and if these do not 
help, concave cylinders. If any cylinder improves, we leave it on in the 
axis indicated. If neither convex spheres nor cylinders improve, we try 
concave cylinders or put in concave spheres, and when the maximum 
vision attainable has been secured with these, add cylinders to them. 
Thus, in one way or another, we get an approximate spherical or sphero- 
cylindrical correction. Or, we may get our first approximation with 
skiascopy or with the ophthalmometer. Suppose this approximate 
correction to be + 2.50 sph. C+ 1.25 cyl. 90°. To this we add in turn— 

+ 0.50 sph. making + 3.00 sph. + 1.25 cyl. 90° 

+ 0.50 eyl. 90° “* -+ 2.50 sph. + 1.75 cyl. 90° 

+ 0.50 evl. 180° “+ 3.00 sph. + 0.75 cyl. 96° 

— 0.50 ey]. 90° «+ 2.50 sph. + 0.75 cyl. 90° 

— 0.50 cyl. 180° «++ 2.00 sph. + 1.75 cyl. 90° 

— 0.50 sph. «+ 2.00 sph. + 1.25 cyl. 90° 
_ If any of these additions improves the sight we make the corresponding 
substitution and start with this as a new basis. Thus, if the addition of 
—0.50 cyl. 180° was an improvement (and the other additions were not), 
we substitute + 2.00 sph. CS +1.75 eyl. 90° for our first trial combination, 
and then to this new combination make systematic additions as before. 
Pretty soon we come to a combination which is not improved by any 
addition (even of a 0.25 D sph. or cyl.). Then we try shifting the axis of 
the cylinder a little one way or the other. If this does not help, then we 
can be fairly sure that the combination last found is the best that ean be 
had. We confirm by skiascopy (page 107). To do this we add a + 1D 
to the sphero-cylindrical combination found and determine if this pro- 
duces reversal at one metre in all meridians. If not, slight changes are 
made in sphere, cylinder, and axis of cylinder until uniform reversal occurs. 

If with our first combination we get comparatively poor sight (less 
than 29. we would make additions of 0.75 or 1.00 D exchanging this for 
a 0.50 D, when the vision had been improved to +? or better. When the 
vision is about 3? we can make additions of 0.25 D or even 0.12 D. 
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5 Or, if we are not making our examination under a cycloplegic, until the added convex glass 
causes blurring. For the reason of this and the method of determining the highest acceptance in this 
case see page 882. . 
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If no addition brings the vision above 2° or 2°, we re-examine the 


eye carefully for pathological changes (faint opacities of the cornea or 
lens, disease of the fundus) and if these are absent, examine the patient 
for a central scotoma, especially a color scotoma. 

In making the subjective test it is important that the glasses in the trial frame 
should be at the same distance from the eyes as the glasses worn by the patient. If 
the glasses in the trial frame are at a wrong distance they exert an effect stronger or 
weaker than that indicated by their number.—D.] 

|792. Cycloplegics and the Correction of Refractive Errors.—In this 
country a cycloplegic is very frequently used in determining the refraction 
whether the case is one of hypermetropia, myopia, or astigmatism. Homa- 
tropine is the agent mainly in use, although some prefer scopolamine (in 
¢-per-cent solution). Homatropine in 2-per-cent solution, instilled three 
or jour times at intervals of ten or fifteen minutes suffices in almost all 
cases to produce in an hour or an hour and a half a complete relaxation 
of the accommodation. As the cycloplegia proceeds, a convex glass of 3 D 
or more should be added to the manifest correction and then the far 
and near points and the range determined with a Prince’s rule (see page 
857). When the range becomes less than 1 D, the cycloplegia may be 
regarded as fairly complete. The effect begins to abate pretty soon, but 
does not disapnear completely until two or three days at least have elapsed. 
Some measurable effect, indeed, is often apparent five or six days after 
the instillation. The period of blurred sight may be materially abridged 
by repeated instillations of 1-per-cent eserine with 1-per-cent pilocarpine. 

The practice in regard to the use of a cycloplegic varies, although oculists 
here may be said to employ one in from 40 to 90 per cent of their refraction 
cases. The translator’s own practice is to use homatropine whenever practic- 
able, especially insisting upon its employment in children and where there is 
a suspicion of spasm of accommodation (difference between subjective and 


objective tests) or where there are evidences of convergence-excess (see page 


780). Contrary to the statements generally expressed he has found it 


advantageous to paralyze the accommodation in patients between forty and 


fifty. It has a number of times been his experience to find patients of this 
age in whom the refraction could not have been determined accurately 
without a cycloplegic. He has found the latter particularly serviceable at 
the time between forty and forty-six when the accommodation is changing 
fast and when the patient, in struggling to use his failing accommodation, 
often over-exerts the latter for distance and conceals some part of his ame- 
tropia. Of course, in using homatropine for these elderly cases, we must 
exclude any suspicion of glaucoma, and be particularly careful to avoid using 
a cycloplegic when the pupil in a non-myopic patient is unnaturally dilated. 

The gain ® in certainty both for the physician and the patient that 
we get by using a cycloplegic is so great in comparison with the moderate 


6 A gain, be it noted, that obtains for the objective as well as the subjective tests. 
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inconvenience’ produced, that it seems proper to employ it in all cases — 


except in the very old and in those who are likely to develop glaucoma. 

Occasionally homatropine fails to produce complete cycloplegia. This 
will be evident from the failure to obtain satisfactory or consistent results 
by subjective testing, from a continued discrepancy between the results of 
the objective and subjective tests (particularly between the test with the 
trial case and the shadow test) and from the persistence of over 1 D residual 
accommodation (page 901). This failure of homatropine to produce complete 
paralysis occurs especially in cases of spasm of accommodation. Here, as 
well as in convergent strabismus, atropine (1, 114, or 2 per cent) should 
be instilled two or three times a day for one, two, or many days. Even 
with this we may not be able to secure complete relaxation. 

In hyperopia and presbyopia it is usually necessary to make a: post- 
cycloplegic test (page 882) five to seven days after the homatropine [if 
made earlier the test often misleads, because the accommodation has not 
returned completely —D]. 

793. The glass prescribed after the refraction has been determined 
under a cycloplegic will depend upon various factors. ‘Each case must be 
judged by itself and in accordance with the effect we wish to produce. In 
general we may say: 

1. We correct the total amount of astigmatism found under a cyclo- 
plegic. The only exception is when the astigmatism is very high (5 D, or 
over), in which case a partial correction is occasionally less annoying to 
the patient than is a complete correction which gives only slightly better 
vision. With properly adjusted glasses, however, it will usually be found 
that even very strong cylinders will be worn with comfort and advantage. 
Slight degrees of astigmatism (0.25-0.50 D) may be left uncorrected if 
they do not appear to be giving trouble. They should be corrected (a) 
whenever a glass has to be used anyhow (as in presbyopia); (b) in most 
cases also when the patient has to use his eyes excessively for near work; 
(c) when there are well-marked symptoms of eye strain, such as headache, 
asthenopia, and obstinate blepharitis or conjunctival irritation. 

2. We correct the total amount of myopia found under a eycloplegie. 
The main exception will be when the myopia is excessive and the patient 
has not worn very strong glasses hitherto, as in this case the sudden change 
may cause discomfort. Moreover, if the patient is under the presbyopic 
age, we try, as far as can be, to make him use the same glass for distance 
and near (see page 876). 

3. We under-correct the total hypermetropia by an amount which 
depends upon—(a) The age of the patient. The younger he is the more 
we leave for his accommodation to do. (b) The amount of manifest 


7In a myope of 3 D or more the inconveni ae 
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hypermetropia. The less this is in proportion to the total hypermetropia, 
the more we usually have to under-correct the latter in our prescription. 
In general, we give a glass somewhere between the manifest and the total 
hypermetropia and as near the latter as the patient. will accept on a post- 
cycloplegic test (page 882). (c) The patient’s requirements. If he uses his 
eyes excessively for near work, we correct more of the hypermetropia than if 
he is leading an out-of-door life. (d) The symptoms. In the presence of 
marked asthenopia, headache apparently due to eye strain, neurasthenia, 
and general muscular weakness (particularly the aeeommodative weakness 
after exhausting diseases), and especially inthe presence of a tendency toex- 
cessive convergence, we correct more and more or even the whole of the 
hypermetropia. When there is an actual tendency to convergent squint or 
when there is a spasm of accommodation, we correct the whole of the hyper- 
metropia and insist upon the continuous use of the glasses combined if need 
be with the use of atropine (see pages 791, and 910). On the other hand, 
if well-marked exophoria is present, we may under-correct the hypermetro- 
pia somewhat, so as to stimulate the accommodation and with it the con- 
vergence. Generally, however, the more completely a hypermetropia is 
corrected, the better. Many hyperopes, indeed, do not secure relief from 
their symptoms until a full correction is applied. As a rule, children 
aecept a full correction very readily, and adults generally can be got to do 
so too, if they are willing to put up with some temporary blurring of sight. 
But with many patients, particularly those of middle age, the blurring 
produced by a full correction often causes great annoyance and even 
asthenopia; and much relief is experienced when the correction is reduced 
by even 0.25 D. It must be remembered that a convex glass may seem 
too strong and a concave glass too weak because too far from the eyes 
(see page 832). This is one reason why toric glasses and automobile 
goggles sometimes cause blurring and have to be reduced in strength. 
As a general thing, unless he is presbyopic or his accommodation 
is otherwise subnormal, a hyperope, if he wears a glass at all, should 
wear the same one for distance and near. 
[For the determination of reading glasses see page 863.—D.] - 
794. Anisometropia.~—By anisometropia is meant a difference in 
the refraction of the two eyes. One eye may be emmetropic and the other 
myopic, hypermetropic, or astigmatic, or both eyes may be ametropic, 
but in a different way. In this regard all possible combinations occur. 
Anisometropia not infrequently is congenital, and then, at least in 
the higher degrees of it, often manifests itself even upon Spgs inspec- 
tion by an asymmetrical formation of the face and of the skull. Acquired 
anisometropia most frequently originates from ve circumstance that the 
change taking place in the refraction during life—that is, the decrease 
in the hypermetropia or the development of a myopia—does not advance 
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at the same pace in both eyes. [The right eye usually has the higher 
refraction.—D.] Very high degrees of anisometropia develop when one 
eye is normal, but the other, in consequence of a cataract operation, has 
become very hypermetropic. 

A correction of anisometropia without the aid of glasses would be 
conceivable only as the result of an effort of the accommodation differ- 
ing in the two eyes; but this the eyes are incapable of doing, at least to 
any noteworthy extent. Accordingly, the anisometrope never sees dis- 
tinetly with both eyes at once. This, however, gives him so little incon- 
venience that many persons do not become aware of the fact that they 
are not seeing equally well with both eyes until the tests of vision which 
the physician institutes are made. Moreover, if the difference in the 
refraction is not too great, binocular vision is not disturbed by it. Both 
images, even though they are of unequal distinctness, are superimposed 
and made to coalesce. In the high degrees of gnisometropia, however, 
strabismus very frequently sets in. This may be either divergent or con- 
vergent, and is often alternating, particularly when one eye is hyper- 
metropic, the other myopic (see page 762). [Anisometropia, particularly 
when of high degree is rather frequently associated with hyperphoria.—D.] 

The obvious course to pursue would seem to be to correct the anisome- 
tropia by ordering the correcting glasses for the two eyes. And in slight 
degrees of anisometropia the unequal glasses are well borne. But if the 
difference between the two glasses is somewhat great (more than 1.0—1.5 
D), the patients complain of an unpleasant sensation in the eyes, of ver- 
tigo, headache, ete., and when they try to use their glasses cannot get 
accustomed to them.® We are then obliged to refrain from correcting the 
anisometropia fully, end give glasses the difference between which is less 
than the amount of the anisometropia or actually give the same glass for 
the two eyes. Sometimes, again, the best plan is to correct only one eye 
and place a plane glass before the other. In doing this we always have 
regard to the better eye—namely, the one which appears more efficient 
for the purpose in view (distant or near vision). [In the large majority 
of cases, the patient will readily tolerate and find satisfaction in glasses 
fully correcting each eye, even when the difference in refraction is very 
great. There may be a period of temporary discomfort but even this is 
absent in many cases, and the final outcome is more satisfactory than 
when an incomplete correction is used. Moreover, by the use of this full 
correction combined with exercise of the poorer-sighted eye, the vision of 
the latter may be materially improved (see pages 633, 792). In anisome- 
tropia it 1s particularly important that the glasses should be so centred as 
to produce the minimum of prismatic deviation (ef. page 839).—D.] 
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CHAPTER VI 
ANOMALIES OF ACCOMMODATION 


[795. Varieties of Accommodative Anomalies.—A necessary pre- 
liminary to the consideration of the anomalies of accommodation is a 
knowledge of the limits of the normal accommodation. These are shown 
in Fig. 377 and the table on page 860. From the latter it can, for ex- 
ample, be deduced that at 40 the average man has a range of 5.8 D, 
while in others who still can be regarded as normal the range varies be- 
tween 3.9 and 7.1 D and in extreme cases may reach 7.8 D. A range lying 
persistently outside of the limits given must be regarded as abnormal. 
The accommodation in this case may be either too low (insufficiency and 
paralysis of accommodation) or too high (excess and spasm of accommoda~ 
tion). It may also be unduly inert; and it may be unequal in the two eyes. 

When measuring the accommodation in order to ascertain whether 
these anomalies are present, we must first provide the patient with the 
full correction of his refraction as found under a cycloplegic. Otherwise 
we might, for example, be unable to tell whether a remote near point 
meant weakness of accommodation or latent hyperopia (cf. page 887). 
Neglect of this precaution doubtless occasioned some errors in the past, 
e. g., in the presbyopic curve as originally plotted by Donders.—D.] 

(796. Insufficiency of Accommodation.—(a) [ll-sustained Accommo- 
dation. In many cases the range of accommodation is normal for the 
age, 1. e., above the minimum shown in Fig. 377, but soon gives out so 
that it drops below the normal when the patient tries to use his eyes. This 
occurs in conditions of weakness in general (convalescence from disease, 
etc.) and in the other conditions noted below as the causes of accommoda- 
tive insufficiency—of which, indeed, this ill-sustained accommodation is 
often but an initial or a terminal stage. ate 

(b) In true accommodative insufficiency, the patient’s accommodative 
power remains persistently below the normal limit for his age.! It is a 

i uent condition. 
seh nee be caused either by undue rigidity (accelerated sclerosis) of the 
lens or by weakness of the ciliary muscle. In the former type, which may 
properly be called premature presbyopia, the accommodation drops in 
much the normal fashion from year to year, but in any one year is always 
below the normal standard. 


o, a patient m ve ive i iency of accommodation 
‘{Obviou y,a Dp ust be held to have atleast a relative insufficiency of ac ¢ 

if hi sO ean Rhee Af es enter above the minimum normal limit for his age, is persistently 
i 8 D , g 


below his own lower normal limit, as shown by later tests.—D.] . ots 
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In the type due to anomalies of ciliary action, the insufficiency varies 
from time to time, often in a quite haphazard manner. 

The causes producing simple premature presbyopia are unknown. The 
causes of ciliary weakness are as follows: 


1. Toxie conditions due to infectious disorders (intestinal toxemia, 


tuberculosis, influenza, whooping-cough, measles, and tonsillar and prob- 
ably dental infection). 

2. Nasal obstruction. This appears to be a frequent cause. 

3. Disorders of the internal secretions. 

4, Neurasthenia and anzmia, brought on by overwork, impaired 
nutrition, and similar causes. 

5. Vascular hypertension: 

6. Probably excessive action of light. 

7. Glaucoma in the prodromal stage. 

In nearly half the cases, especially in those due to nasal obstruction 
and neurasthenia, accommodative insufficiency is associated with con- 
vergence-insufficiency and frequently with retinal hyperemia and persistent 
dense injection. of the conjunctiva. 

The symptoms, which in part are caused by the associated conditions, 
are asthenopia—either simple tiring of the eyes or tiring associated with 
eyeache (sometimes of great severity), with marked irritation and burning 
of the eyes or with headache; blurred vision, especially for near work; 
vertigo; aprosexia; photophobia (quite a marked symptom in a number 
of cases). An occasional finding, especially in the cases with marked 
convergence-insufficiency, is a concentric contraction of the visual field. 

The intensity of the symptoms varies greatly. In many cases they are 
such as to render eye work almost impossible. On the other hand, espe- 
cially in simple premature presbyopia, the only complaint may be of 
impaired vision for near, which is remedied at once by suitable reading 
glasses. 

The course and duration naturally depend on the cause. Recurrences 
may take place, sometimes at long intervals. In simple premature pres- 
byopia the course goes on much as in an ordinary presbyopia, but the 
necessity for the use of an additional glass for reading begins much earlier 
—at forty or before. 

The treatment is directed to the cause, whenever we can discover the 
latter. The removal of toxic conditions by remedying an intestinal indiges- 
tion or a dental or tonsillar infection; the relief of anzeemia and malnutrition 
by the use of tonics and proper diet; the regulation of vascular anomalies; 
the removal of nasal obstructions; treatment addressed to abnormal gland- 
ular conditions—all these are to be employed when required. Eye-strain 
should be relieved by proper glasses. An associated conjunctival injection 
should be treated with zine or other astringents. 
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For the insufficiency itself the following means are used: 

1. For the blurred vision at near, the distance glass should be supple- 
mented by a proper addition for reading (presbyopic correction for an 
unnatural presbyopia). 

2. Even when the vision is not much blurred, this presbyopic addition 
may be necessary, especially if there is an associated convergence-excess. 

3. The accommodation may be stimulated directly by means of 
reading exercises, or exercise in focusing on the fine test-object (line) used 
in measuring the accommodation (Fig. 375). 

4. Especially in cases associated with convergence-insufficiency it is 
useful to stimulate both accommodation and convergence by exercise with 
prisms, bases out, when the eyes are directed at a near object. This is sup- 
plemented by practice in converging both eyes on a dot which is brought 
closer and closer to the eyes until it doubles.—D.] ' 

(797. Paralysis of Accommodation.2—Paralysis of accommodation is 
simply an insufficiency carried to an extreme degree. The term, however, 
is particularly applied to the cases due to the more serious toxic and organic 
causes. It produces an extreme reduction of the accommodation below the 
normal (see Fig. 377), as shown by tests made with reading or with the 
accommodation disk (Fig. 375).—D.] 

The disturbance which paralysis of the accommodation causes varies 
greatly according to the refractive condition of the eyes. If an emmetrope 
is affected with paralysis of the accommodation, reading and writing become 
perfectly impossible, or at least, in case of incomplete paralysis (paresis) 
of accommodation, very difficult and possible for only a few moments at a 
time. Distant vision, for which the emmetrope does not require to use the 
accommodation, is not affected. In the hypermetrope paralysis of accom- 
modation makes itself still more noticeable, since without accommodation 


he sees poorly even at the distance. The reverse is true uf the myope, to 


whom the abolition of accommodation causes little or no inconvenience : 
indeed, in the higher degrees of myopia a paralysis of accommodation is 
often discovered only accidentally at the time when a careful examination 
is being made. And in old persons in whom accommodation for near has 
become impossible owing to sclerosis of the lens, paralysis of accommodation 
would also necessarily remain undetected—in fact, we could never succeed | 
in demonstrating it. [Yet until the patient has reached the age when the 
minimum normal accommodation is less than 1.5 D—i. e. until he is 48— 
paralysis of the accommodation can be made out by the tests, and at 40 
and 45 is almost as apparent as in youth (see page 862).—D.] 

In paralysis of the accommodation, whether produced by Bueee or ee 
by a cycloplegic, the staternent is frequently made iat pipe e: appeal eae - oe 
usual (micropsia).? This phenomenon is explained in the following way: We estimate 


2 [Also called cycloplegia, from xvKAos circle, and mAyyn, stroke. Hence cycloplegic, an agent— 


i i dation —D } 
_ g., atropine—paralyzing the accommo 0 
©: Bs a [From puxpés, small, and Sw, sight.-—D.] 
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the size of an object from the size of its image upon the retina taken in connection with 
the distance at which we judge the object to be situated. An object of certain size 
seen at a certain distance gives us a retinal image of certain size. If the object is ap- 
proximated to one-half the distance, its retinal image becomes twice as great. If this 
were not the case, and the retinal image remained of the same size when the object was 
approximated, we would infer that the object itself had been reduced to one-half its 
former size. It is this mistake that we fall into in case of paralysis of the accommoda- 
tion. Since in this condition the act of accommodation for any given distance of the 
object costs us a greater effort than under other circumstances, we estimate the accom- 
modation at too high a figure, and hence believe the object to be nearer than it really 
is; but as the retinal image is no larger, we think that the object itself has diminished 
in size. The same phenomenon manifests itself when an emmetrope looks through 
concave glasses [held close to the eyes]; these make objects look smaller to him: for, 
to overcome the concave glasses, he must strain his accommodation. Now, without 
being distinctly aware of this strain, he yet infers from it that objects are nearer than 
they are, and thus the latter, since their retinal images are not any larger, seem smaller 
to him. The converse phenomenon, by virtue of which objects appear larger than nor- 
mal—macropsiat—is observed in spasm of the accommodation. This, too, originates 
in a delusion as to distances, resulting from the disturbance o° the accommodation. 
[For retinal micropsia and macropsia, see page 126—D.] . 

Paralysis of the accommodation arises from a paralysis of the ciliary 
muscle or of the oculo-motor nerve, which supplies this muscle. It may 
be simply one of the symptoms of a complete oculo-motor paralysis, in 
which cases its etiology agrees with that of oculo-motor paralysis in gen- 
eral (see page 756). But im many cases the paralysis of accommodation 
exists alone, or is at most associated with a coincident paralysis of the 
sphincter pupillz. These two intrinsic muscles, which under physiological 
conditions act in conjunction, are also commonly paralyzed together, so 
that the paralysis of accommodation is combined with mydriasis paralytica 
(ophthalmoplegia interna [or interior]). The causes of paralysis of accom- 
modation (with or without paralysis of the pupil) with which we are 
acquainted are as follows: 

1. Diphtheria —Paralysis of accommodation belongs among the post- 


diphtherial paralyses—i. e., those which usually develop in the stage of. 


convalescence. The most common of these, besides the paralysis of ac- 
commodation, is paralysis of the soft palate, which manifests itself in the 
nasal character of the speech and also by the fact that food and liquids 
readily get from the choan into the nose when the patient tries to swallow. 
Isolated paralysis of the sphincter pupille or paralysis of the exterior 
eye muscles, of the muscles of the extremities, or of the trunk itself, 
occurs less often. Diphtherial paralysis of the accommodation [affects 
both eyes, and] is usually not associated with paralysis of the sphincter 
pupillx. It generally passes away of itself in one or two months as the 
patient gains in strength, and hence affords a good prognosis. Cases of 
paralysis of accommodation consequent upon influenza, which were 


‘(From paxpés long, and aw sight.—D.] 
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analogous in their behavior to post-diphtherial paralyses, occur pretty 
frequently during some epidemics. [Paralysis of accommodation may 
also be caused by bacterial infection springing from the tonsils or other 
parts (Veasey, Johnston).—D.] i 

2. Poisoning—The most complete paralysis of accommodation, 
combined with paralysis of the pupil, is produced by atropine and the 
other cycloplegics. These act not only when administered internally, but 
also locally when introduced into the conjunctival sac. The cases in 
which paralysis of the accommodation, together with symptoms of gen- 
eral posioning, have been observed after eating spoiled meat, sausages, 
fish, ete., likewise depend upon poisoning, which in this case is poisoning 
by toxins. As regards post-diphtherial paralyses also it is assumed that 
they are caused by a diphtheria toxin, and a toxic origin perhaps holds 
for the paralysis of accommodation that occurs in consequence of diabetes. 
In all cases in which the paralysis depends on internal poisoning, it is 
bilateral. [The paralysis that occasionally occurs in disorders of metabol- 
ism is presumably toxic.—D.] 

3. Brain syphilis and tabes and progressive paresis, which are con- 
nectéd with syphilis. In these cases the paralysis of accommodation is 
frequently unilateral, is usually associated with paralysis of the pupil [and 
generally resists all treatment. It may also occur with or without 
paralysis of the pupil in non-syphilitic and in functional brain disease. 

' Paralysis of the accommodation, due to brain disease, may be associated 
with paralysis of convergence (see page 784).—D.] 
4. In contusions of the eyeball, being then a purely local affection. 
It is evident that the accommodation is completely abolished when the lens is 


luxated, or is removed altogether from the eye, but such cases are not properly dencted 
as paralysis of the accommodation. 

The treatment of paralysis of the accommodation must first of all be regulated 
according to the lesion which lies at the bottom of it, and must seek to effect the cure 
of this latter by appropriate means. In post-diphtherial paralysis we institute corrob- 
orative measures, giving hearty nourishment, wine, iron, quinine, etc. For local treat- 
ment, pilocarpine is employed. This, besides contracting the pupil, also produces a 
spasm of the accommodation by contracting the ciliary muscle. This, however, is not 
of long duration, any more than the miosis is; after some hours the muscle relaxes again 
and the paralysis returns. Nevertheless, the contraction of the muscle produced by 
the miotic appears sometimes to exert a favorable influence upon the paralysis itself, 
perhaps acting in the same way as faradization does when it produces a good effect in 
paralyses. Pilocarpine, however, has a really beneficial effect only in those paralyses 
which in themselves give a good prognosis, i.e., in the post-diphtherial paralyses and 
those dependent on poisoning. In other paralyses mercury and potassium iodide are 
more in order [but rarely do good]. If the paralysis presumably will last a long time 
the indication is to render work possible by means of proper convex glasses. 

[798. Accommodative Inertia —Accommodative inertia is the condition in which 
the patient changes from one accommodative state to another sluggishly or with 

| difficulty. It is analogous to the slow adaptation that some eyes show in passing from 
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light to darkness, or vice versa. It seems sometimes to be a source of real trouble. 
In such cases exercise of the accommodation and particularly of the convergence may 
be tried.—D.] 

(799. Excessive Accommodation.—Excessive accommodation may be due to ciliary 
overaction (spasm of accommodation). Apart from what is called the normal tone of 
the ciliary muscle, which is abolished by atropine and which at most equals 0.25 D, and 
apart from the continuous tension of the ciliary muscles in hypermetropes when 
overcoming their hypermetropia so as to see distinctly] a state of permanent excessive 
tension of the ciliary muscle does occur, which is directly prejudicial to vision since it 
mainly affects myopic eyes, which by it are made to appear more myopic than they 
really are. Such spasm of accommodation may be revealed by our finding the myopia 
higher when we make the subjective test (with glasses) than when we determine it 
objectively with the ophthalmoscope [or shadow test]. For during the examination 
with the ophthalmoscope it is usual for the accommodation to relax [partially or] 
entirely, so that the eye shows [more nearly] its true refraction. The confirmatory 
test is made by instilling atropine which paralyzes the accommodation and thus 
abolishes the spasm so that now on making the tests with glasses the true refraction is 
found. Genuine spasm of accommodation is rare and occurs only in young persons,® 
and the degree of tension put on the accommodation is usually pretty considerable. 
Formerly the frequency of accommodative spasm as well as its significance for the 
development of myopia was much overrated. 

Spasm of accommodation is combated by the instillation of atropine,® which must 
be kept up for quite a long time (four weeks and more). Unfortunately, in most cases 


when the atropin has been discontinued, the spasm returns after a shorter or longer 
\ 


* interval. 

High degrees of spasm of accommodation, sometimes combined with spasm of 
convergence (see page 781), are found in hysterical subjects. 

An artificial spasm of accommodation of high degree combined with contraction 
of the pupil develops after the instillation of a miotie (eserine and pilocarpine). 

[Lenticular accommodative excess is the condition in which the accommodation is 
above the usual limit, because the lens is less rigid than ordinary. It is the opposite 
of premature presbyopia, and may be called delayed presbyopia.—D .| 

(800. Unequal Accommodation.—We sometimes find the accommodation ane 
in the two eyes. Sometimes this is due to the fact that the ciliary muscle is weaker in 
one eye than in tne other. This occurs quite frequently in ophthalmoplegia interior 
due to syphilis, tabes, traumatism, or poisons. It can be readily understood that these 
conditions may affect one eye more than the other, or may affect one to the exclusion 
of the other. Since in these cases the sphincter iridis and the ciliary muscle are usually 
affected simultaneously, the inequality in accommodation is generally associated with 
inequality of the pupils the eye with weaker ciliary muscle having the larger pupil. 

When not due to the causes above mentioned, unequal accommodation is usually 
not associated with inequality of the pupils. In this case, too, it may be eaused by 
unequal action of the ciliary muscle, but most of the cases of this sort seem to be due 
to an unequal rigidity of he lenses in the two eyes. In other words, it is a form of pres- 
byopia in which the sclerosis of the lens has advanced faster in one eye than in the other. 
It produces no symptoms until the accommodation in one eye or the other has sunk so 
low as to require the addition of a glass for near work. When this occurs, it is import- 
ant to take account of the inequality and to determine by experiment whether we shall 
or shall not make an unequal addition for reading to the distance correction. 

In some cases such unequal addition is quite helpful (see page 863).—D.] 


5 (Some of the most marked 
been in paces of forty- 


6 {And by precise 


and obstinate cases of spasm of accommodation I have seen have 
five and.even forty-eight years of age.—D. 


correction of the refraction, determined under complete atropinization.—D.] 
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OPERATIONS 


CHAPTER I 
EYE OPERATIONS IN GENERAL 


801. Antisepsis.—The antiseptic method, which represents the great- 
est progress made in surgery during recent times, has also produced an 
essential improvement and greater certainty as to results in the special 
domain of operations upon the eye. It is therefore the first duty of every 
operator upon the eye to proceed in a perfectly aseptic and antiseptic man- 
ner. In operations upon the eye we have less to do with antisepsis than 
with asepsis; we do not have to disinfect a contaminated wound, but to 
make a wound that is clean and keep it from contamination. 

In former times much more importance was attached than now to the shape 
and position of the section, especially in cataract operations, the hope of a happy. result 
being based solely upon the proper performance of the section. Starting with this 
view, observers devised a great number of different methods of operating which have 
already, in part at least, fallen into oblivion. At the present time we know that the 
rigorous carrying out of asepsis and antisepsis in the operation and after-treatment is 
of much greater significance than the choice of a method of operating. Any section 
that is of the necessary size and is suitable in position gives good results, if in other 
respects we proceed with the most scrupulous cleanliness. In eye operations this is 
doubly important, since the result that we seek is attained only if healing by first in- 
tention is secured. When an amputation wound does not heal by first intention, but 
by suppuration, this accident usually does the patient no harm beyond prolonging his 
stay in bed; but if suppuration ensues instead of primary union after an iridectomy or 
cataract operation, the eye is lost, which for an operator upon the eye is the same thing 
as the death of a patient would be for the surgeon. 

802. Preparation for the Operation—Contamination of the wound 
may either be effected by means of the operator and his instruments or 
it may take its origin from the eye itself or its vicmity. ‘l’o avoid the for- 
mer, the hands of the operator must be well cleansed and then disinfected 
with a solution of corrosive sublimate (1:2,000) or mercury oxycyanide 
(1:1,000). As the operator has to talk to the patient, it is advisable for 
him to wear a wire frame covered with sterilized gauze in front of his mouth 
to avoid infection by drops falling from the mouth. The delicate instru- 
ments which are used for operating upon the eyeball itself are disinfected 
by boiling in a 1-per-cent solution of sodium carbonate, in which they do 
not rust. To prevent infection of the wound by the adjacent parts (lids 
and conjunctival sac), the vicinity of the eye, and especially the skin of 
the lids and the edges of the lids, should first be wiped off with a little 
benzine in order to remove the grease from the skin, then thoroughly 
washed with soap, and finally bathed with the above-mentioned sublimate 
or oxycyanide solution. For washing out the conjunctival sac we use a 


solution of one of the mercury salts, of half the strength above given, or 
913 
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a physiological (9.6 per cent) salt solution which has been sterilized by 


boiling. The conjunctival sac, however, affords special danger of infection 
only when decomposed secretion is present in it as a result of disease of 
the conjunctiva or lachrymal sac. Hence, before every operation we ought 
to examine carefully the conjunctiva, and more especially the lachrymal 
sac, and before proceeding to perform the operation we ought to try first to 
relieve by appropriate treatment any lesion of these structures that may be 
present. Those operations in which the eyeball is opened require special care 
as regards.asepsis. In such cases, therefore, if the conjunctival sac is not 
clean, its secretion should be examined for any germs that it may contain, 
and the operation is to be performed only after the pathogenic bacteria (es- 
pecially pneumococci and streptococci) have disappeared from the secretion. 

So far as concerns the special case of chronic dacryocystitis, its complete 
cure, unfortunately, requires a very long time. Hence, in order to accom- 
plish my purpose more quickly, I generally extirpate the lachrymal sac one 
or two weeks before the operation. If, however, there is no abnormal se- 
cretion in the lachrymal sac, I content myself with splitting -the anterior 
wall of the sac directly before the operation, and after suitable cleansing, fill 
it with iodoform powder or seal the canaliculi by searing them with the gal- 
vano-cautery.! [Thesameprecautionsshould be used if the nose has any con- 
dition (ozzena, ethmoiditis) likely to give rise to infection (Lancaster).—D.] 

[To make sure whether the eye is fit for operation many take smears from the con- 
junctival sac, in every case, and if dangerous germs are found postpone operation until 
the conjunctiva is sterile. To render it sterile, Elschnig applies mercury oxycyanide 
every half hour, and if this does not suffice applies one-per-cent nitrate of silver once a 
day. Others apply a bandage before operating, and if this causes secretion to develop 
in the eye, postpone operation until the conjunctiva is in healthier condition —D.] 

In cleansing the eye before the operation, we may employ quite strong antiseptic 
solutions for the parts surrounding the eye. For the conjunctiva the stronger antiseptic 
solutions are contraindicated; obviously so, because they produce a marked irritation, 
or actually a traumatic conjunctivitis associated with considerable secretion. But if 
we employ the antisepties in a degree of concentration that is well borne by the eye, 
they have, owing to the brief period of their action, no bactericidal effect. All investi- 
gators have arrived at the same result, namely, that by these agents we can simply 
diminish the number of the germs present, but cannot annihilate them completely. 
We get the same result by employing indifferent sterile liquids, particularly if at the 
same time we remove the adherent mucus from the surface of the conjunctiva [and ‘eor- 
nea] mechanically—. e., by wiping it with moistened pledgets of cotton. Hence, if the 
conjunctiva is normal, I use simply a physiological salt solution which has been sterilized 
by boiling, and employ a sublimate solution (1:4000) only in those cases in which the 
conjunctiva is diseased (catarrh, trachoma). 

(More thoroughgoing in its antisepsis is the procedure of Herbert and Elliot. Fif- 
teen minutes before operating they irrigate the everted lids with a 1:3000 mercury 
b chloride solution delivered from a container 3 feet above the patient’s head, and at 
the same time move the lids vertically, so that the sclution shall reach all the folds of 
the conjunctiva. This irrigation is done for a minute at least and may be repeated if 


1 (Some advocate passing a temporary ligature round each canaliculus just before th i 
(Buller, Quackenboss). See page 934.—D.] ‘ 5 ee 
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the conjunctiva does not give a satisfactory reaction (secretion of grayish mucus, cloudi- 
ness of membrane). Then epinephrine (adrenaline) and cocaine are instilled, and the 
eye is irrigated with normal salt solution. In addition Elliot wipes off the conjunctiva 
with sterile cotton. He and other operators also trim off the lashes, because it is practi- 
cally impossible to sterilize these, and they may come into contact with the instruments 
during the operation. It cannot be denied that, so far as the prevention of infection is 
concerned, the method of Herbert and Elliot greatly surpasses the less energetic pro- 
cedures. In a series of several thousand cases thus operated on not one case of suppu- 
ration and very few cases of non-suppurative inflammation occurred (Lancaster).—D.] 

As the conjunctiva even after careful cleansing often still contains germs, we might 
think that the infection of recent wounds wouldnecessarily be very frequent. Fortunately, 
however, at the present time infection of wounds is only of exceptional occurrence, so that 
evidently the germs of the conjunctival sac are not to be greatly dreaded. [Cf. page 31.] 

Any disease of the lachrymal sac, on the other hand, is very dangerous, and many 
a cataract operation has gone wrong because such a disease has been overlooked. 
Hence, before every cataract operation or iridectomy, we ought to examine the tear 
passages carefully, and if there is anything in the least suspicious, test their pervious- 
ness by passing liquid through them (page 930). , 

The infection of wounds, furthermore, as experiment also has proved, often occurs 
from contaminated instruments; and it is to the sterilization of these that our atten- 
tion ought, above all, to be directed. 

803. Anzsthesia.—Anesthesia for operations upon the eyeball is 
effected by cocaine, a 5-per-cent solution of which is instilled several 
times into the conjunctival sac at intervals of a few minutes. [For some 
purposes holocaine, novocaine, and alypine are preferred (see pages 63, 64). 
—D.} The solution should be freshly prepared and sterilized by boiling. 
After instilling it we must take care that the patient keeps the eye shut, be- 
cause the frequency of winking is diminished as a result of the cocaine an- 
zsthesia, and hence the cornea, if uncovered, is apt to become dry upon its 
surface. [Dryness of the cornea may be prevented and the surface of 
the eye kept from contamination by dust, ete., if, as is often done in 
this country, the eye is irrigated from time to time, before and during 
the operation, with a sterile boric acid or salt solution.—D.] Cocaine 
anesthesia lasts about ten minutes. It affects only the superficial 
parts, like the cornea and conjunctiva, while the iris remains sensitive. 
In iridectomy, for example, the grasping of the eyeball and the incision 
are not felt, but the excision of the iris is painful.? In operations upon 
the lids, several drops of the cocaine solution may be injected beneath the 
skin of the lids, in operations on the eye muscles [and in iridectomy for 
acute glaucoma] beneath the conjunctiva. [Such subconjunctival injec- 
tions, however, are sometimes disadvantageous in muscle operations 
because they may puff up the tissues enough to obscure the relations of 
the parts.—-D.] For enucleation cocaine is most effective when it is 
injected in the neighborhood of the ciliary ganglion. A long cannula is 


3 [If, however, the performance of the operation is delayed loug enough (ten or fifteen minutes) 
after the first instillation of cocaine, for the drugs to pass through the cornea, the iris also may often be 
completely anwzsthetized, and iridectomy is then performed absolutely without pain.—D.] 
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plunged 4.5 em. in, at the temporal side of the optic nerve and nearly to 
the apex of the orbit. [Guttman showed that by infiltration-anesthesia 
with very weak solutions of cocaine injected into the retrotarsal folds the 
operations on the tarsus, e. g., the expression of trachoma granules, can 
be rendered painless—D.] For injection into the tissues, in order not to 


Fria. 400.—INSTRUMENTS FOR OPENING THE EYE AND KEEPING IT IN PLACE. 
a, b, ec, various forms of spring specula for holding the eye open in operations. d, Desmarre’s 


elevator or lid retractor, for holding the lids apart in examinations of the eye and in operations. 


. . e, 
fixation forceps for holding the eyeball steady in operations.—D.] 


produce poisoning, we use a weaker—i. e., a 1-per-cent—solution, to which 
with advantage may be added some adrenaline (two to three drops of 
the commercial 1:1,000 solution [to each e.c of the cocaine solution).$ 
Adrenaline is also used if we have to operate on highly injected eyes. If 
these are previously rendered pale by adrenaline, the cocaine acts better. 
[Adrenaline, moreover, is a useful adjunct to cocaine in muscle operations, 
since here it checks the bleeding which in the tiny field of operation inter- 
feres greatly with the view. On the other hand, it is better not to 
use it in operating on a pterygium or other vascular growths, which 
may be so contracted by it that the normal outlines are obscured.—D.] 
In case of very great sensitiveness of the eyeball (severe irido-cyclitis, acute 
glaucoma) cocaine even with the assistance of adrenaline cannot make the 


§[Cocaine or alypine, preferably combined with adrenaline, may be introduced into the tissues 
by als a (see page 57) especially to produce anesthesia in operations on the lid and lachrymal 


sac.—D 
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. . . . . \ . 
_ eye Insensitive enough for security in the performance of the operation. In 


that case general narcosis with chloroform or ether is requisite, and it is 
likewise usually employed in major operations such as enucleation, etc., 
and for children. 

804. Fixation of Eye.—In regard to operations upon the eyeball rtself 
the following principles hold good: 

The separation of the lids is effected by means of lid specula (blepha- 
rostats, elevators, or écarteurs). There are some which hold both lids open 
at once, keeping them apart by the elastic force of s spring (spring specula; 
Fig. 400, a, b, c); others which are designed for one lid only and must be 
held with the hand (Desmarre’s lid retractor, Fig. 400, d). The eyeball 
itself is fixed by grasping a fold of conjunctiva close to the corneal margin 
with a toothed forceps (Waldau’s fixation forceps, Fig. 400, e) and holding 
it in place. [Angelucci followed by many operators fixes and controls the: 
eyeball by firmly grasping the tendon of the superior rectus with the fixa- 
tion forceps. Elschnig, Maddox, and others pass a stitch through the 
tendon of the superior rectus, and control the eye with this.—D.] 

Since the metal arms of the speculum exert a pressure on the lids that 


is unpleasant to the patient, we may, if we have a skilled assistant, get him 


to hold the lids apart with his fingers. ‘This is advisable most particularly 
in cases in which success depends on our not exerting any pressure on the 
eyeball (e. g., in order to avoid escape of vitreous), and we then too abstain 
as far as possible from grasping the eyeball with the 
fixation forceps. 

805. Incisions.—The incision which lays the 
eyeball open is made, as a rule, within the limits of 
the anterior chamber. As this latter is bounded 
by the cornea and at its periphery by the most 
anterior portion of the sclera, the section may lie 
either in the cornea or in the sclera. We therefore 5. 49, prrrnnent Forms 
distinguish sections with respect to— or SECTIONS IN THE CORNEA. 

(a) Their position, into corneal and scleral. These differ from each 
other mainly in the following points: 1. In scleral incisions there is more 
tendency to prolapse of the iris than in incisions of the cornea (for explana- 
tion of this see page 922). 2. The sclera is covered by conjunctiva, and a 
wound in the sclera can therefore be provided with a conjunctival flap—a 
thing which is not [usually] possible in corneal sections. 3. Scleral wounds 
are less apt to become infected than those in the cornea, because of the 
slighter tendency that the sclera exhibits toward purulent inflammations. 
Hence, before the introduction of antiseptic methods, scleral incisions 
gave better results than did those in the cornea. At present, when infec- 
tion is avoided in every possible way, this distinction is no longer of so 


“very much weight. 


’ 
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(b) In shape, incisions may be linear or curved. The former lie in a 
great circle of a sphere, and hence form upon the surface of the eyeball a 
line which is the shortest that can be made to connect the terminal points 
of the section (eaf, Fig. 401). The curved or flap incisions correspond to a 
small circle of a sphere. Between the largest curved section (edf, Fig.401) 
and the linear section an infinite number of sections (ecf, ebf) may be con- 
ceived to exist, constituting the transition forms between the two. hh se 
are curved sections of varying altitude; the linear section forms their infe- 
rior limit, and may therefore be regarded as a curved section whose alti- 
tude =0. Most of the sections in general use are curved ones, with an arch 
of greater or less altitude. An example of a pure linear section would be 
the one devised by Saemisch for laying open an ulcus serpens, in which the 
latter is divided with a Graefe knife from behind forward {page 968). A flap 
incision, having the ends of its section at the same distance apart as a linear 
incision, will make a much longer wound than the latter, and, by the lifting 
up of the flap, the wound can be made to gape more. 

In making the section, care must be taken that the knife is withdrawn 
from the wound slowly, so that the aqueous may escape as gradually as 
possible. In this way we avoid the evil results which too rapid escape of 
the aqueous often entails, such as extensive prolapse of the iris, subluxation 
of the lens, prolapse of the vitreous, and intra-ocular hemorrhage. Slow 
escape of the aqueous is particularly important if an operation is done when 
there is increase of tension. 


In judging of the size and position of any particular form of section, not only the 
outer and visible wound but also the internal one must be taken inta consideration. 
That the latter is of a different size, shape, and position from the external wound arises 
from the fact that in most methods of performing the section the knife divides the 
tunics of the eye obliquely (Fig. 408, 7 and P). This is particularly the case with the 
wounds made by the lance-shaped knife. Even if at first we plunge the lance knife 
in perpendicularly, we must still, as soon as its point has entered the anterior chamber, 
change its position so that it shall be pushed along parallel with the iris, as otherwise 


we should get into the iris and lens. The inner orifice of the section (Fig. 402, 7 i}. 


therefore lies nearer the center of the cornea than does its outer orifice (Fig. 402, a a). 
For this reason sections whose outer orifice lies in the sclera, and which hence are usu- 
ally regarded as scleral sections, nevertheless by their inner segment belong to the 
cornea (J, Fig. 408). <A further fact contributing to this relation between the external 
and internal sections is that the sclera overlaps the cornea externally, and the latter 
the efore in ts inner layers extends farther toward the periphery than ean be seen 
from the outside. Hence, even sections that are fairly perpendicular, like those made 
in performing cataract extraction with a Graefe knife (Fig. 411), are in great part 
located in corneal tissue. This fact that the internal wound is less peripherally situ- 
ated than the external, must be taken into account in making the section. If, for 
example, we desire to excise the iris up to a certain spot, we must not perforate the 
cornea at a point directly opposite the latter, but must place the corneal section 
farther toward the periphery, so that the internal wound may lie at the spot at which 
the iris is to be cut off. 
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The internal wound is also of less length than the external (Fig. 402, a a and 7 4). 
This fact also must be taken into consideration, particularly in cataract operations, in 
which care must be taken that not only the external but also the internal wound shall 
be large enough to allow the cataract to pass through. 

The oblique course of the wound through the tunics of the eye, furthermore, affects 
the tendency of the wound to gape. It was said above that flap wounds gape more than 
linear wounds; but the tendency toward gaping depends still more upon whether the 
wound traverses the tunics of the eye perpendicularly or obliquely. The former is 
more particularly the case in sections made with Graefe’s knife, in which the knife. 
passes through the cornea or sclera from within outward; the latter is the case in sec- 
tions made with the lance knife. Sections of the former sort gape, owing to the elastic 
retraction of the edges of the wound. Wounds, on the other hand, which are made 
with the lance knife, and pass obliquely through the tunics of the eye, do not gape, 
because the lips of the wound close upon one another like a valve. The closure is 
effected by the intra-ocular pressure. This latter is exerted to the same extent on every 
point of the internal surface of the eyeball. It presses as strongly upon the posterior 
lip of the wound (a, Fig. 408) as upon the anterior (b), and hence pushes the former 
against the latter. To this valve-like closure of the wound is to be attributed the fact 
that the aqueous does not escape after paracentesis of the cornea if the lance knife is 
withdrawn from the wound cautiously, and without pressure or rotation. The wound 
must be made to gape before the aqueous (or, in simple linear 
extraction, the soft masses of lens matter) can be expelled. It 
would be a mistake to try to effect this by pressure either upon 
the center ot the cornea or upon the sclera, as in so doing we 
should only increase the intra-ocular pressure by that which 
is exerted from the outside, and thus push the posterior lip of 
the wound still more strongly against the anterior. Only upon 
very strong pressure, by which the lips of the wound would be 
shoved past one another, would the wound gape open. The a fos eee tener yea ne 
proper procedure, rather, is to depress the peripheral lip of the sp enarone Marie’ 2x1 
wound (c, Fig. 408) with a Daviel’s scoop, and thus open the Stag Auaatanl ane ane 


] sclera; 7 i, internal orifice 
valve. situated at the sclero-cor- 


In small children quietude of behavior after the operation neal junction. In order to 
represent these relations a 


is not to be expected, and hence the large sections, such-as correctly performed iridec- 
- . +, tomy was made upon the 
those made for iridectomy or cataract extraction, have their pee ne Gaderer tnd the 


healing interfered with. Accordingly, for small children we vest pp anon a eae ie: 
ought to choose only those methods of operating, such as magnified, was transferred 
discission, which produce very small wounds. to the drawing. 

[In order to avoid postoperative infection many try to close in operation wounds 
with conjunctiva wherever they can. Thus in performing discission, whether of soft 
ormembranouscataracts (see pages 987 and 990), they enter through the conjunctiva 
beyond the corneo-scleral margin and then through the sclera at the periphery of the 
anterior chamber, instead of going through the cornea directly (Byers). So, too, when 
doing a posterior sclerotomy (see page 1005), especially one for removing foreign bodies 
from the vitreous chamber, they fashion a quadrangular conjunctival flap in such a 
way that the cuts in the conjunctiva are distant from the incision to be made in the 
sclera. This flap is reflected, the scleral incision made, and the flap then replaced and 
sutured so as to cover the wound in the sclera. In a quite similar way a conjunctival 
flap is used by Kuhnt after keratectomy for partial staphyloma of the cornea (page 
971), by Lagrange for covering in the wound in sclerectomy, by Elliot for covering 
in the artificial corneal fistula made by the trephine (see page 984), and by van Lint and 
others for covering in the corneal incision of a cataract extraction (see page 995).—D.] 
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806. Reposition and Prolapse of Iris.—In completing the operation the 
greatest attention must be paid to having the iris in proper position. Under 
no circumstances should the iris be left incarcerated in the wound [except 
in iridotasis]. In cases in which an iridectomy has not been made, incar- 


Fie. 403 Fie. 404 Fie. 405 


Fic. 403.—NormMAt PosiTion OF THE IRIs. Magnified 21. The flap incision for the ex- 
traction, S Si, lies in the sclera. The angles of the sphincter, a and a, are both low down. 

Fie. 404.—INCARCERATION OF THE IRIS IN THE WOUND (AFTER A CORNEAL FLap EXTRACTION). 
Magnified 2X1. The flap incision for the extraction, s si, lies in the cornea. The ims is visible as a 
dark nodule, 7, in the wound, and the angle, ai, of the sphincter on the same side appears drawn up in 
comparison with that of the other side, which is in its proper position. 

Fie. 405.—INCARCERATION OF THE IRIs (AFTER LINEAR EXTRACTION). Magnified 2X1. The 
pupil is drawn toward the cicatrix, N. 


ceration takes place because either the out-gushing aqueous or the lens that 

is pushed out by the pressure forces the iris into the wound. If an iridec- 

tomy is made, the iris, which is grasped by the forceps in front of the wound 

(Fig. 406, aa), is cut off flush with the latter. When this is done, of course 
P 


4 


Fie. 406 Fic. 407 


Fia. 406.—Posrrion or THE Irts Durina Irntpecromy. Magnified 2X1. The forceps has 
grasped the iris near the pupillary margin and has drawn it out of the wound, aa. The portion of the 
epee (aa of the eye . tent-shaped. The pupillary margin forms the two sides of the entrance 

othe tent, and between can be seen the posterior aspect of the iris—the reti i ; 

the nd ‘ as 8 tinal pigment of > le 
—lining the inside of the tent. siti Me tants 
a Fie. 407.—Inctusion or Boru Limps oF THE COLOBOMA IN THE SCAR. Magnified 2x1 
The operation sear is solid and smooth and nowhere shows any included iris. The inclusion of the iris 
isrecognized only from the drawing up of the pupil. The angles of the sphincter are not to be seen on 
either side, but the pupillary portion of the iris extends like a garland from one side to the other above 
and the fibers of the ciliary portion are put greatly on the stretch in a vertical direction ; 


the part of the iris that lay in the tract of the wound at the moment of the 
excision is left behind in the wound. If during the excision some traction 
is made on the iris, the portion of the iris that still lies inside of the anterior 
chamber is put on the stretch. This tension ceases when the iris is excised, 
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so that the iris that is left behind can contract and thus the portion lying 
in the channel of the wound can retract into the anterior chamber. This 
retraction takes place particularly well if a contraction of the sphincter 
pupille aids it, although the sphincter has naturally lost much of its strength 
on account of the excision of a piece involving a solution of continuity. 
Very frequently, however, these agencies do not suffice to draw the iris back 
from the wound into the anterior chamber. If then the iris is not pushed 
back by the operator into the interior of the eye, it remains in the wound. 

Incarceration of the iris in the wound is manifested by different signs, 
according to the extent to which the iris is protruded. If the iris has pushed 
its way through the wound to the outside, it becomes visible as a dark swell- 
ing or nodule either in the middle of the section, or, if some of the iris has 
been excised, at one or both ends of it (i, Fig. 404). The condition when 
the iris does not protrude from the wound, but is merely jammed in between 
the mternal lips of the latter, is recognized by the displacement of the pupil. 
The latter in case no iris has been excised is pear-shaped with its apex 
directed toward the scar (Fig. 405) just as after perforating ulcers of the 
cornea with inclusion of the iris (Figs. 92 and 118). After operations of 
this sort, in which the iris has been excised, the boundary between the pupil 
and the coloboma is marked by two projecting angles, forming what are 
called the angles of the sphincter (Fig. 403). These represent the spot where 
the margin of the pupil passes into the lateral limits (“limbs’’) of the colo- 
boma. When the iris is free, the angles of the sphincter are directly oppo- 
site one another, and, moreover, lie in the circular line which the margin of 
the pupil would form if still intact (“the angles of the sphincter are low 
down,” Fig. 403). But if the iris is incarcerated in the wound, the corre- 
sponding limb of the coloboma is thereby shortened, and the angle of the 
sphincter looks as if drawn up (“the angle of the sphincter is higher,” Fig. 
404, a,). The angle of the sphincter may be pushed up so far that it is not 
visible at all and if this is the case with both sphincter angles the entire 
pupil is markedly displaced toward the margin of the cornea (Fig. 407). 

Inclusion of the iris in the wound is accompanied by evil consequences 
of many kinds. The healing of the wound is interfered with by nflamma- 
tory irritation, and is protracted. The cicatrix is less solid and regular in 
its formation, and may become ectatic, and later on the inclusion of the iris 
may give rise to increase of tension, to inflammation, and even to sympa- 
thetic disease of the other eye. To avert these results every attempt must 
be made, after completing the operation, to release the iris from its condi- 
tion of incarceration, and to put it in the proper position. This is done by 
entering the wound with a spatula, and stroking the iris with it back into 
the anterior chamber. Should this attempt be unsuccessful, or should the 
iris after replacement again prolapse into the wound, the incarcerated 
portion of the iris must be pulled out, grasped and excised. 
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The firm closure of the wounds made with a lance knife diminishes the danger 
of prolapse of the iris. | How, then, does prolapse of the iris occur at all? When the 
cornea has been perforated at any spot the aqueous flows from every direction toward 
this point, because here the ocular tension has sunk to nothing (i. e., has become equal 
to that of the external air). The fluid of the anterior chamber can flow toward the 
opening without obstruction; but the fluid of the posterior chamber, to get at the open- 
ing, must first pass through the pupil. Let us assume that the opening lies at the nasal 
margin of the cornea (I, Fig. 408). In this case the liquid from the temporal portion 
of the posterior chamber would flow toward the opening directly through the pupil, 
because this is its shortest way. ‘The case is otherwise with the nasal portion of the 
chamber, which lies immediately opposite the opening. Here going through the pupil 
means taking a roundabout way, which is the more circuitous the faither the opening 
lies toward the periphery. The aqueous will therefore tend to take the shortest way 
and rush straight forward toward the opening, pushing the iris before it. In the lan- 
guage of physics, the posterior surface of the iris is subjected to the pressure of that por- 
tion of the aqueous which has not yet escaped (d, Fig. 408). On the other hand, the 
pressure upon the anterior surface of the iris has become zero, and the iris consequently 
is pushed against and into the opening. This is the way in which a prolapse of the iris 
originates, the prolapse being nothing but a sac consisting of iris and filled with the 
liquid of the posterior chamber. 

The danger of a prolapse of the iris occurring is greater—l. The greater the rapid- 
ity with which the aqueous escapes, because then proportionately less time is allowed 
the liquid of the posterior chamber to make the circuit by way of the pupil. Hence 
the rule that in making the section the aqueous should be allowed to flow off as slowly as 
possible. 2. The higher the ocular tension, because then the difference between the 
pressure in the anterior chamber which has been emptied and the posterior chamber 
which is full becomes so much the greater. When an iridectomy is made in glaucoma, a 
considerable extent of the iris usually at once protrudes from the wound, 3. The fur- 
ther the wound lies toward the periphery, for then the route which the aqueous has to 
take through the pupil is just so 
much the more circuitous, and there 
is a proportionate increase in the 
depth of the posterior chamber at the 
spot corresponding to the section and 
in the quantity of aqueous that acts 
to propel the iris forward. 4. Accord- 
ing to the size and shape of the 
Fria. 408.—Oxstique Coursn or THE SqeTION aperture, since these conditions 
Tanoven tue Tusice oF tux vs (Scunnatte) Tse likewise have an effect in producing 
nally inthe cornea. P, section for paracentesis; a, prolapse of the iris. It is evident that 
peripheral; b, central lip of the wound. ‘ ‘ on 

the opening must be of a certain size 
for the iris to enter it at all. Again, if the aperture is circular—as is the case, for ex- 
ample, after perforation of an ulcer of the cornea has taken place—prolapse of the iris 
will assuredly not fail to develop. On the other hand, wounds with a valvular closure, 
such as those made with the lance knife, display a comparatively slight lability to 
inclusion of the iris. We therefore try to anticipate the occurrence of perforation of an 
ulcer by making paracentesis with the lance knife, in order to avoid prolapse of the iris 
and the anterior synechia that results from it. 

Prolapse of the iris may occur not only during the operation but afterward also. 
We may, for example, have succeeded in avoiding the development of prolapse during 
the operation, or have removed it if it has developed; and yet on the next day, when 
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we change the dressing, we may find the iris prolapsed into the wound. This occur- 
rence is due to the fact that the recently agglutinated wound has reopened, and the 
moment this took place the same conditions favoring prolapse of the iris were supplied | 
as at the instant of the operation itself. 

Prolapse of the iris and its incarceration in the operation wound must be avoided 
at,any cost. If we are dealing with wounds in which there is but little tendency to 
prolapse, it is sufficient to replace carefully any iris that may have prolapsed during 
the operation. But if the section is of such a character that the iris is apt to be pushed 
into it (as, for instance, is the case with a large scleral section), the reposition of the 
iris affords no security against prolapse; this may, and very often will, take place sub- 
sequently. In these cases the only resource is excision of the jris. How does this avert 
prolapse? Is, it perhaps because all the iris is removed that could possibly prolapse 
into the wound? If that were the case, the iris would have to be excised through the 
entire extent of the wound—that is, often for a considerable width. But this is not 
by any means necessary. As a matter of fact, iridectomy prevents prolapse of the 
iris because it puts the posterior into direct communication with the anterior chamber 
at the site of the wound, so that the fluid which reaccumulates in the posterior chamber 
ean flow directly toward the opening of the wound without forcing the iris before it. 
For this purpose a narrow iridectomy or even a very small opening in the periphery 
of the iris is all that is necessary [see page 996]. 


807. Escape of Aqueous, Vitreous, and Blood.—|The escape of aqueous 
which follows an incision into the anterior chamber should be made as grad- 
ual as possible (see page 918). In certain operations, as in discission (page 
987) no aqueous escapes. Escape of vitreows presupposes a breach in the 
sclera or in the diaphragm separating the aqueous and vitreous chambers. It 
occurs, therefore, particularly in cataract operations (see page 998).—D.] 
Hemorrhage into the anterior chamber occurs in those operations that cause 
injury to vascular tissues like the sclera and iris. If the iris is healthy, it 
hardly bleeds at all upon being cut through, since its vessels close very rapidly 
from contraction of their walls. But in those cases in which an operation 
is done upon a diseased iris (as in iritis, glaucoma, and atrophy of the iris), 
copious bleeding often takes place from the iris, so that the whole anterior 
chamber fills with blood. [General disturbances of metabolism also tend 
to provoke bleeding. Thus in a large number of cases of cataract-extrac- 
tion it was found that hemorrhage into the anterior chamber occurred 
in 29 per cent of the diabetic patients, in 13 per cent of those affected with 
albuminuria, and only 4 per cent of those having neither albumin nor 
sugar in the urine (Wheeler).—D.] The bleeding is disagreeable, be- 
cause it prevents the operator from inspecting the interior of the eye; 
but in otherwise healthy eyes it generally produces no other disadvantage, 


as the blood is absorbed again within a few days. But in eyes where the 


iris is diseased not only is the hemorrhage more extensive, but in addition 
the blood takes a longer time-—sometimes in fact months—to disappear by 
resorption; for, it is precisely in such cases as these that the whole metab- 
olism of the eye is seriously affecved. 


924 TEXT-BOOK OF OPHTHALMOLOGY 


Hemorrhage from divided vessels should not be confounded with those 
intra-ocular hemorrhages which are caused by the sudden and very great. 
reduction of ocular tension in consequence of the operation—either from 
escape of the aqueous or removal of the lens—so that now blood pours in 
greater quantity ito the vessels of the uvea and retina and makes them 
rupture. Such hemorrhages are especially to be anticipated when opera- 
tions are done in the presence of increase of tension, in which case the vessel 
walls are often degenerated. In fact in glaucoma small retinal hemorrhages 
after an iridectomy are the rule (see page 511). In rare cases, blood escapes 
from the vessels in such quantities that it pours out into the vitreous or 
beneath the chorioid. In the latter case the chorioid is detached from the 
sclera by the blood, and indeed when the hemorrhage is very great it may 
even happen that the contents of the eyeball are expelled from the wound 
by the blood (“expulsive” hemorrhage) and then the blood itself oozes 
from the wound. Such an eye, of course, is lost. 


An escape of aqueous after the cornea has been opened presupposes a propor- 
tionate contraction upon the part of the capsule of the eyeball. If the walls of the 
eyeball were perfectly rigid like a metallic capsule, for instance, not a drop of liquid 
would escape from the orifice which had been made; a counter-opening would have 
to be made in another spot before it could do so. In addition to the elastic contraction 
of the tunics of the eye, the pressure of the external ocular muscles, and also the pres- 
sure of the lids upon the eye, contribute to reduce the volume of the capsule of the 
eyeball. Another factor contributing to the same result is added where the diaphragm 
formed by the lens and zonula is yielding enough to push forward after the escape 
of the aqueous. In old persons, the capsule of whose eyeball is rigid and whose eyes 
lie deep in the socket, so that the lids and muscles have but little power over them, 
the cornea after the escape of the aqueous (especially if the lens is removed at the same 
time) is often pushed in by the external atmospheric pressure (collapsus cornew). ‘This 
occurrence is favored by the diminished thickness of the cornea in old age, and also 
by the use, during the operation, of cocaine, which reduces the ocular tension. Col- 
lapse of the cornea was formerly looked upon as an evil event, because ‘it prevents 
the precise apposition of the lips of the wound, and it was supposed that suppuration 
of the wound was thus produced. We now know that the process of healing is in no 
respect affected by a collapse of the cornea. The collapse disappears as soon as the 
aqueous reaccumulates, which is generally the ease as early as a few minutes after 
the operation. [lf this is not the ease, the collapse may be relieved by introducing 
warm sterile salt solution into the anterior chamber. This can be done by means of 
a bulb irrigator, a slender-tipped syringe, or any like device, introduced between the 
lips of the wound. The same mancouvre is called for in ease of the much more serious 
collapse of the eyeball caused by great escape of vitreous —D.] When the cornea on 
account of its elasticity tends to resume its shape after collapse has taken place, a 
negative pressure develops in the anterior chamber precisely as when the rubber ball 
of a syringe, after being compressed with the hand, is allowed to expand again, Air 
may be sucked in by means of this negative pressure, so that an air bubble enters the 


anterior chamber. This does no sort of harm to the eye. A more unpleasant effect 


of this aspiration action occurs when the blood is sucked out by it from the divided 
vessels of the iris. so that the chamber is filled w 


ith blood. This is particularly apt 
to take place when the c 


avity of the chambers is separated from the cavity of the 
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vitreous by a more solid diaphragm than usual (exudation membranes), which is not 
able to advance adequately after the escape of the aqueous. Parienbely profuse 
hemorrhage is thus encountered in those iridectomies and iridotomies which are rats 
in eyes with an old irido-cyclitis. The blood in this case is unpleasant for two Rani 
first, because it is very slow in being absorbed; and, second, because it may in part 
become organized and close the new-made pupil up again. To prevent this hemor- 
rhage ex vacuo, I apply in such cases a pressure bandage to the eye as soon as possible 
after the pupil has been formed. This bandage by external pressure diminishes the 
volume of the capsule of the eyeball, and presses the vitreous against the cornea. 


808. Dressing.—After the operation an aseptic dressing is applied. If 
the operation was upon the eyeball itself, directly after it has been com- 


Fie. 409.—Larricep Frame Usrep ror DressiNnG THE LEFT Eye. 


This is padded on its edges so as not to exert any pressure. From the two temporal extremities 
pass the bands, a and b, which are carried respectively below and above the left ear and across the 
occiput to the right side of the head. Here the two bands are tied together after one of them has been 
passed through the loop c. 


pleted we close the lids and place upon them first a pledget of sterilized 
gauze, and upon this lay a dressing of cotton, which is held in place by a 
bandage. After an operation in which the eyeball is freely opened (as in 
iridectomy or cataract operations), I fix 
the mass of cotton in place upon the eye 
by means of a strip of lmen 4 or 5cm. 
broad, whose two ends are attached to the 
cheek and forehead respectively by soap 
plaster. [In operations of all kinds it is 
well to fasten down the gauze-cotton 
dressing securely in some such way as this, 
and then, except when we wish to produce 
pressure onthe eyeball, the bandage may 
be omitted—preferably so, according to 
many, in cataract-extractions.—D.| In 
operations for cataract, etc., I fasten over 
the dressing a light latticed frame of wire 
(Fig. 409), which prevents the patient 
from getting at his eye with his finger aud doing harm by making the 
wound burst open. Snellen uses for this purpose a plate of aluminum, 


(Fig. 410.—Rina’s Masx.—D.] 
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shaped like a mussel shell and fastened over the eye with strips of plaster. 
[The same end is accomplished very satisfactorily by Ring’s light paste- 
board mask (Fig. 410). This completely covers both eyes, but, as a 
window can readily be cut in it, either eye may be left open when 
desired (see also page 54).—D.] 


[Some prefer to dispense with a dressing altogether after operations, believ- 
ing that it does not really prevent movements of the lids or the eye that would 
interfere with the healing of the wound, and that it does favor the damming up of 
secretions and the multiplication of germs in the conjunctival sac. And, as a matter 
of fact, if the conjunctiva is predisposed to inflammation, bandaging the eye will 
cause a profuse accumulation of secretion in the sac, so that the dressing has to 
be removed, and the eye irrigated several times a day with sterile salt solution and 
argyrol or protargol. So farasstatistics go, the results of theopen method seem to keas 
good as when a dressingisemployed. Yet the consensus of opinion among the best and 
most experienced operators is that the dressing should be used in all operations in 
which the eyeball is opened (cataract, iridectomy). It is also the custom with most to 
bandage the eyes for several (two to ten) days after an advancement, the intention 
here being not so much to protect the eye from infection as to ‘keep it from seeing 
and hence from moving about and so making traction upon the sutures. If this is 
the intention, both eyes ought to be bandaged, since if this is not done the uncovered 
eye will move about freely, and in that case the covered eye will necessarily move too. 

Even if it is thought wise to omit a dressing in the kind of cases just cited, the eye 
ought to be protected by a mask from the risk of accidental blows, especially at night. 

The open method is suitable for tenotomies. Here. contrary to what obtains in 
the case of advancement, we wish to have the eyes move under the modifying influence 
of binocular vision and to be subjected to the fusion impulse which will help them to 
assume the proper position. As the danger of infection in these cases is very slight and 
after the first few hours when the external wound is sealed is practically nil, a bandage 
is used for at most the day of the operation. After this both eyes are left open, and the 
patient is encouraged to use them for distant vision. 

Most prefer to inspect the eye twenty-four hours after the operation, to ascertain 
the character of the wound and particularly to see whether a prolapse of the iris is pres- 
ent or not; also in the case of an advancement or tenotomy to determine whether the 
position of the eyes is correct. If the condition is found to be satisfactory the dressing 
may then be left undisturbed for forty-eight hours, although many still prefer to examine 
the eye daily. 

Under a bandage a secretion often forms which glues the lids together, and makes 
it somewhat difficult to open the eye for inspection. This tendency to agglutination 
can be obviated by putting sterile vaselin into the conjunctival sac (with or without 
argyrol) before applying the dressing. The often painful adhesion of the lashes to tke 


dressing may be prevented by smearing the lids and lashes with sterile vaselin or a 
boric-acid ointment (see page 54).—D,] 


809. After-treatment.—The after-treatment of an operation in which 
the eyeball has been opened must be mainly directed to the prevention of 
anything that might interfere with the rapid and permanent closure of the 
wound. For this purpose the eye operated upon is bandaged, in order to 
put a stop to the movements of the lids; and in operations of any mag- 
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day. Furthermore, the patient ought to avoid all physical exertion, as 
by this the ocular tension is increased, and the recently auolutinatel 
wound might be forced open again. Hence, after major operations 
(iridectomy or cataract extraction), the patient is made to stay flat on his 
back in bed for the first day, and on the following days is permitted to be 
up in an arm-chair. For the first few days he is allowed only soft diet, so 
as to obviate the exertion of chewing. [For other precautions to be observed 


Fira. 411.—INciusion oF THE IRIS wiTH CysToIpD CICATRIZATION AFTER THE EXTRACTION OF 
A Senite Cataract. Magnifiedsi3 X 1. The iris, J, extends from its origin in the ciliary body, C, to 
the inner orifice of the wound, so that here the anterior chamber is contracted into a narrow slit. The 
iris within the tract of the wound is folded upon itself, the point of flexion corresponding to the exterior 
surface of the sclera. The pupillary portion, P, of the iris extends from the site of the constriction into 
the anterior chamber, where it lies free. On its anterior surface may be seen the entrance of a crypt, 
near its posterior surface the cross section of the sphincter pupille. Besides the iris, the capsule, k, of 
the lens, is also drawn up to the cicatrix, and has become adherent to it. The section by which the 
extraction was made cuts in two the line of junction between the sclera, S, and the cornea, H, so that 
by its anterior half it lies in the sclera, by its posterior half in the cornea. On accuunt of the interposi- 
tion of the iris, the lips of the wound have not united, in fact, the tract of the wound extends as an open 
cavity, h, even into the tissue of the conjunctiva of the limbus, L, so that the wound is closed only by 


a very thin layer of tissue, 


in post-operative treatment, see page 52.] When these precautions are 
observed the course of healing regularly takes place as follows: The edges 
of the wound become agglutinated soon after the operation, and the ante- 
rior chamber is restored. It very often happens that the recently aggluti- 
nated wound can not at once withstand the pressure of the accumulated 
aqueous, and in the course of the first day opens once or twice and allows 
the aqueous to escape before a permanent closure of the wound has taken 
place. The edges of the wound then heal by indirect union, so that a fine 
linear cicatrix is formed. If this lies in the cornea, it remains visible always 
as a narrow gray line, while cicatrices in the sclera are as a usual thing 
scarcely discoverable after some time has elapsed. It always takes quite a 
long time for a cicatrix to become sufficiently firm to be able to resist exter- 
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nal injuries. Until this has occurred (that is, for several weeks or months, 
according to the size of the wound), the patient must refrain from all severe 
physical exertion, avoid making any pressure upon the eye, etc. 


In old people, especially if they are drinkers, delirium not infrequently occurs, 
particularly when both eyes are bandaged. In this case the eye that has not been 
operated upon must be opened at once. [Sometimes the delirium can be relieved only 
by sending the patients home. Drinkers, moreover, must not be deprived of their 
alcohol, see page 52. Atropine must be stopped, and hyoscine (0.3 mgr.) may be given 
(De Schweinitz).—D.] 

Old people suffering from marasmus are apt, if they lie quiet upon their backs 
for several days after an operation, to get hypostases in the lungs, which may cause 
the patient’s death. Hence, persons that are weak from old age ought to be taken 
out of bed very soon—if necessary, directly after the operation. There are other acci- 
dents, too, by which the course of the healing may be interfered with. As these can- 
not usually be foreseen, it is advisable never to operate upon both eyes at one sitting; 
for from the operation and after-treatment in the case of one eye we learn what we 
are to expect when operating upon the second. 


Variations from the course of healing just described not infrequently 
occur. Disturbances of healing most frequently observed are— 

1. Irregular Healing. —The closure of the wound may be delayed, and 
the anterior chamber remain obliterated for days. [This is due usually 
to inclusion of iris, ete., in the lips of the wound (see infra), sometimes to 
detachment of the chorioid (see page 473).—D.]| Still more frequently it 
happens that the wound, after it has already been closed, is burst open again 
by an external injury, such as pressure of the hand upon the eye, coughing, 
sneezing, spasmodic tremor in sleep, and the like. This “bursting of the 
wound” is ordinarily followed by extravasation of blood into the anterior 
chamber. The iris also may be swept into the wound and incarcerated 
there, or inflammation (irido-cyclitis) may set in. Another way in which 
healing of the wound may be interfered with consists in the fact that the 
edges of the wound do not adhere to one another directly, but are united 
by an interposed cicatricial mass of recent formation. This is most fre- 
quently the case when direct contact of the edges of the wound is prevented 
by the presence of an incarcerated iris or lens capsule [or conjunctiva], but 
it may also occur when there is an increase of tension by means of which 
the wound is made to gape and is thus kept open. In these cases the sear 
that is formed is less firm, and in fact a small portion of it may remain 
entirely open, so that the aqueous keeps oozing through it beneath the con- 
junctiva and makes the latter cedematous (cystoid cicatrization, Fig. 411). 
The scars which have not sufficient firmness frequently become ectatie. 
This has as its immediate consequence an irregular bulging of the adjoining 
parts of the cornea, so that the results of the operation, so faras vision is con- 
cerned, are impaired by the presence of high astigmatism. Later on, cystoid 
or ectatic scars may give rise to elevation of tension or to inflammation. 
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2. Suppuration of the Wound.—This usually begins in one or two days 
after the operation, rarely later. If the germs have made their way into 
the lips of the wound itself, the inflammation shows itself by a yellow infil- 
tration of the edges of the wound; but, if the germs have been introduced 
into the deeper parts—anterior chamber or vitreous,—the inflammation 
begins with an exudation, which is poured out into the interior of the eye 
and which is first fibrinous, but very soon becomes purulent. It is only in 
the rarest cases that such an inflammation is arrested so quickly that the 
eye retains some visual power. The rule is that the eye is destroyed either 
by suppuration of the cornea or by a severe plastic irido-cyclitis or by an 
actual panophthalmitis. The outcome is atrophy, or, if panophthalmitis is 
superadded, phthisis of the eyeball. [The lighter cases may sometimes be 
checked by cauterizing the wound with the cautery or carbolic acid or by 
repeated paracentesis of the cornea with injection of formalin or other anti- 
septic into the anterior chamber (De Schweinitz). The subcutaneous injec- 
tion of vaccines has saved some cases.—D.] Suppuration of the wound is 
most apt to set in after cataract extractions, and formerly was the most 
frequent cause of blindness in an eye which had been operated upon for 
cataract. We now know that suppuration of the wound is the consequence 
of infection of the wound; and by the application of antiseptic methods the 
number of cases in which suppuration takes place can now be reduced to a 
minimum. 

3. Non-Suppurative Inflammation of the Uvea.—lIritis and irido-cyclitis 
occur very frequently after operations in which the eyeball has been opened. 
In most cases there is simply a slight iritis, which does no harm beyond that 
inducea by the persistence of a few posterior synechiz. But in the severe 
cases the inflammation leads to occlusion of the pupil, and either necessi- 
tates a secondary operation, or actually terminates in incurable blindness 
due to atrophy of the eyeball. In cases of the latter sort there is also a 
danger of sympathetic disease of the other eye. Slight inflammations of the 
iris may be produced by infection of a particularly mild character (see page 
36); but in other cases they are to be regarded as purely traumatic, being 
caused by the way in which the iris has been grasped and pulled upon or by 
the fact that portions of the lens which are left behind, or similar substances, 
produce mechanical or chemical irritation of the iris. Severe inflammations 
depend either upon infection or upon a lighting up of old inflammation, as 
when an operation is done in an eye which was formerly the seat of an 
iridocyclitis. 

(For striate opacity of the cornea after operations, see page 303.) 


CHAPTER II 


OPERATIONS ON THE CONJUNCTIVA AND LACHRYMAL ORGANS 
I DILATATION OF THE TEAR PASSAGES 


811. [Ditatation of the canaliculi and the nasal duct is effected 
either with Anel’s syringe (Fig. 412, h) or with sounds. 

(a). Syringing the Duct.—Before using the syringe, the punctum and 
canaliculus should be dilated with the conical sound (Fig. 412, b andc). A 
little cocaine-adrenaline solution is dropped on the punctum, and the tip of 
the sound introduced with gradually increasing pressure. When well 
engaged it is turned horizontally inward and pushed gently towerd the sac. 
Immediately afterward the tip of the syringe, properly bent, is introduced 
and gently shoved into the sac, and then 5 to 10 drops of a 2-per-cent solu- 
tion of cocaine with a few drops of adrenaline solution added are injected. 
The cocaine and adrenaline not only make the passages insensitive, but also 
shrink up the mucous membrane and so make the passages wider. When 
the passages are well opened by this means we may inject disinfectant solu- 
tions (1-4,000 sublimate solution, 3-per-cent solution of boric acid), which 
can afterward be replaced by astringent solutions. [Or, even better, we 

ay instill 30-per-cent argyrol just before the injection of the cocaine-adren- 
aline. When the latter has made its way through to the nose the argyrol 
will generally follow. (It is better not to inject the argyrol, as argyrosis 
may be produced in this way).] Syringing may be done twice a week or 
oftener, the patient in the intervals using instillatims of adrenaline followed 
by argyrol.—D.] 

812. Slitting of Canaliculus.—{This is done as a preliminary to the use 
of sounds. We dilate the lower canaliculus with a probe, and syringe in a 
little adrenaline-cocaine solution as directed in the preceding section, then] 
we introduce a Weber’s knife (see Fig. 412, f) into the dilated canaliculus, in 
such a way that the edge of the knife looks up and a little backward. By 
rapidly raising the knife, the probe-pointed extremity of which rests in the 
lachrymal sac, the canaliculus is slit open, and is thus converted into an 
open groove, looking upward and a little backward. [Through this groove 
we can introduce sounds much too large to pass through the uncut 
canaliculus (see page 933).—D.] 


Bowman has the credit of showing that the conduction of tears is not injuriously 
affected by the slitting of the canaliculus. If this operation is performed with Weber’s 
knife in the way described above, it affects only the external two-thirds of the canali- 
culus; the inner third of the latter lies beneath (behind) the caruncle, and remains 
unopened, Slitting of this most internal part would be possible only if the caruncle 
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{[Fra. 412.—INsTRUMENTS FOR LACHRYMAL STRICTURE. 

a, Bowman’s sounds. 5, Ziegler’s needle dilator for dilating the canaliculus. c, Ziegler’s dilator 
for use after the needle-dilator. d, Theobald’s probe. e, Weber’s thick sound for graduated dilata- 
tion. f, Weber’s canaliculus knife for slitting he canaliculus. g, Stiiling’s knife, for division of lach- 
rymal strictures. h, Anel’s syringe.—D 
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were divided at the same time; and if this were done, the cut surfaces that were made 
would be pretty broad, and it would be quite hard to prevent their reunion. Even in 
the ordinary method of performing the operation of slitting, the div ded canaliculus 
is usually found to have closed up again on the following day, so that we have to intro- 
duce the conical sound and thus tear apart the slightly agglutinated edges of the wound. 
If in this way readhesion is prevented at the outset, the cut surfaces become clothed 
with epithelium, so that afterward adhesion is no longer to be apprehended. 


813. Sounding the Duct.—For sounding the nasal duct we make use of 
Bowman’s sounds, [Fig. 412, a] which are kept on hand in different sizes, 
numbered from one to six [or eight. In this country many prefer Theo- 
bald’s probes, which are larger (Fig. 412, d; see also page 933).—D.] 

The sound is first introduced through the inferior canaliculus, after 
this has been slit open, and is passed in until it strikes against the mner 
wall of the lachrymal sac; the sound taking the direction of the canaliculus— 
that is, passing from below outward in a direction upward and inward. 
Then we tilt the sound—that is, we direct it so as to be about per- 
pendicular by lifting its free extremity until its pomt, which is in the lach- 
rymal sac, points to the furrow between the ala of the nose and the cheek, 
this giving the position of the inferior orifice of the nasal duct. The sound, 
being thus placed in an upright position, is now slowly and cautiously 
pushed downward until it rests upon the floor of the nasal fossa. In so 
doing we necessarily pass the contracted point, the favorite seat of which is 
either the point where the lachrymal sac enters the nasal duct, or the infe- 
rior extremity of the latter—the former spot, because it is normally the 
narrowest point in the lachry mal passages ; the latter, because it is affected 
sooner than is the rest of the lachrymal tract by diseases of the nasal mucous 
membrane. We begin with the slenderest sounds. If we cannot pass the 
contracted spot with one of these, we n ust not push the sound forcibly for- 
ward, but must keep trying again and again, on succeeding days to intro- 
duce the sound, until at length we succeed in carrying it down into the nose. 
The sound after its introduction is allowed to remain for about a quarter of 
an hour. We repeat the sounding every day, or every other day, gradually 
passing to larger and larger sounds, until at length the nasal duct is readily 
pervious and the epiphora has ceased. Even then the sounding should not 
be at once discontinued, as in that case the spots which have been dilated 
would soon close up again, owing to renewed contraction of the cicatrices. 
The sounding must therefore be repeated again and again at longer intervals 
(of a week to a month). 


The operation of sounding can be performed through either the upper or lower 
eanaliculus. The former is narrower, but, as an offset to this, we have to turn the 
sound but little after its introduction in order to place it upright. In sounding through 
the lower canaliculus, the sound must be tilted so as to be turned through more than 
aright angle, but the canaliculus is wider. Accordingly, the lower canaliculus is usu- 
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ally selected because the mucous membrane of the narrow canal would be lacerated: 
in passing sounds of a higher number. The consequence of this would be contraction 
or obliteration of the canal, which would set in as soon as the sounding was stopped. 
The sound can also be introduced and carried into the nose through a canaliculus. 
which has not been slit up, but this is inadvisable, because of the likelihood of produc- 
ing injuries to the mucous membrane like those just mentioned. I usually do it only 
for diagnostic purposes (for demonstrating the presence of a stricture) and then employ 
only the sounds of the lowest number, which can be readily introduced even through 
a canaliculus that has not been slit open. Preliminary slitting of the canaliculus is 
always indicated when the treatment by sounds is to be kept 1p for any length of time. 

The act of sounding itself requires a deft hand and much experience, for which 
reason it ought first to be practised very industriously upon the cadaver. Beginners. 
in sounding frequently make the mistake of tilting the sound before its point has got 
into the lachrymal sac. We then feel an obstacle opposing the downward progress 
of the sound, and if we should try to overcome this obstacle by foree we would make 
a false passage. That the sound has been tilted up too soon is recognized from the 
fact that when it is set vertical, the skin beneath the canaliculus is drawn along with 
it and is thrown into wrinkles. We shall not commit this mistake if we avoid tilting 
the sound until we distinctly feel through its point the firm resistance offered by the 
inner osseous wall of the lachrymal sac (the lachrymal bone). The obstacles opposing 
the passage of the sound in the nasal duct may be actual constrictions of the duct, 
but are often nothing but projecting folds in which the sound catches. We accord- 
ingly try to push our way forward by sliding the point of the sound sometimes along 
one, sometimes the other, wall of the lachrymal sac in order to smooth out the folds. 
Sometimes we can pass a rather thicker sound (No. 3) more readily than we can the 
thinnest ones; the latter, moreover, are more apt to injure the mucous membrane, so 
that we get beneath it and make a false passage. Bleeding from the nose after sound- 
ing points to an injury of the mucous membrane, as does also the striking of the apex 
of the sound upon bare bone. The latter, however, can also happen without the mucous 
membrane’s being injured, if, for example, the bone has been already denuded by 
ulcerative disintegration of the mucous membrane of the nasal duct. In cases of this 
kind a cure cannot usually be obtained by treatment with sounds. 

When finally the sound has been passed all the way through, it is felt to rest upon 
the floor of the nasal cavity. In most persons the lamina in the middie of the sound 
then lies upon the inner end of the eyebrow. To ascertain the position of the sound 
more precisely, we may place on the outside a second sound of the same length in the 
direction of the lachrymal tract and in such a way that the lamin of the two sounds 
are superimposed; the exterior sound then shows at what height the lower extremity 
of the sound that we have introduced stands. 

Treatment by sounds must be kept up until at least No. 4 of Bowman’s sounds 
passes with ease. Then the patient may be instructed how to pass the sound upon 
himself with the aid of a looking-glass, so that the sounding may be performed from 
time to time subsequently in order to prevent a recurrence of the contraction. 

The long duration of the treatment by sounds has excited a desire to accomplish 
the dilatation of the strictures rapidly instead of gradually, and thus shorten the treat- 
ment. This can be done either by Weber’s lor Theobald’s| method of introducing 
very thick sounds [Fig. 412, d and e| or by Stilling’s method of incising the strictures 
with a knife designed for the purpose [Fig. 412, g], or by a combination of both meth- 
ods. By these methods of treatment, however, solutions of continuity are made in. the 
mucous membrane, which lead to the formation of fresh cigatrices, and which hence, 
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after a period of apparent cure, entail even quicker recurrences than usual. Most 
ophthalmologists therefore prefer the gradual dilatation of the strictures. 

814. [Artificial Closure of Puncta.]|—A procedure for shutting off ‘the connection 
between the lachrymal sac and the conjunctival sac before an operation on the eyeball 
and thus preventing infection of the wound consists in searing the canaliculi by cauteri- 
zation. For this purpose a fine galvano-cautery point is carried into the canaliculus. 
The latter is at once obliterated by the eschar and by further action is completely seared. 
If, however, the cauterization is performed lightly, the permeability of the canalicu- 
lus can be restored [after the operation wound has healed]. Even when we extirpate 
the tear sac before operating on the eyeball we ought at the same time to sear the canali- 
culi, since otherwise the latter may become the source of infection. [Quackenboss and 
others accomplish the same end by passing a ligature round the canaliculi before an 
operation. When the operation wound is healed the ligature can be removed and the 
lumen of the canaliculus restored.—D.] 


II. OpERATIONS ON LACHRYMAL SAc AND GLANDS 


815. [Incision of Lachrymal Sac (Dacryocystotomy).—In acute dacryo- 
cystitis] as soon as fluctuation is apparent we incise the anterior wall of the 
lachrymal sac, or that portion of the skin beneath which the presence of pus 
can be made out. A lachrymal fistula is thus artificially produced, through 
which the contents of the abscess and of the lachrymal sac itself are dis- 
charged externally. This is kept open by the introduction of a strip of iodo- 
form gauze every day, until all inflammatory symptoms have disappeared 
and the secretion that exudes has lost its purulent character. But even then 
we ought not to allow the fistula to close at once, for we must recollect that 
a chronic dacryocystitis has preceded the acute attack, and that conse- 
quently there is a stricture present im the nasal duct. So long as this is 
present the fistula will not become permanently closed, and its temporary 
closure might result in a new attack of acute dacryocystitis. Hence, the per- 
meability of the nasal duct must first be restored by treatment with sounds. 
When we have succeeded in doing this the fistula usually closes of itself. 
If this should not be the case, we can effect a closure of the fistula by either 
refreshing and uniting its edges or by cauterizing them. If the conditions 
are such that a permanent state of perviousness of the lachrymal channels 
is unattainable, or if the patient cannot undergo the protracted treatment 
with sounds, we proceed to extirpate the lachrymal sae [or perform West’s 
operation. See pages 935, 936. To the translator this radical treatment 
seems the better procedure, and he has even found it of distinct advant- 
age:to extirpate the sac in the acute stage of dacryocystitis right after 
incision.—D.| 

In chronic dacryocystitis incision is done by Petit’s method, for the performance of — 
which Arlt has given the following guides: By drawing the lids to the outer side the 
internal palpebral ligament is put on the stretch, so that it is seen through the skin 
of the inner angle of the eye as a prominent projection. The point of a sharp scalpel 
is introduced exactly beneath the center of the ligament. The back of the knife looks 
upward and the knife itself is held so that its handle passes through the middle point 
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of an imaginary line drawn from the apex of the nose to the outer margin of the orbit. 
The knife held in this direction is thrust vertically in, thus penetrating through the 
skin and the anterior wall of the lachrymal sac. As soon as we feel the point of the 
knife striking against the posterior wall of the lachrymal sac (lachrymal bone) we no 
longer push it forward, but depress its point by raising the handle as high as the fore- 
head. If now the knife is pushed forward, its point enters the upper part of the nasal 
duet, the wound in the anterior wall of the lachrymal sae being at the same time en- 
larged. After withdrawing the knife we enlarge the wound upward and downward 
so as to have a view of the mucous membrane of the sae throughout its whole extent. 

Incision of the sac was formerly done in order to introduce corrosive agents 
into it and thus destroy it. This procedure is now replaced by that of extirpation of 
the sac. Typical incision of the sac I scarcely even do now except as a preliminary to 
a cataract operation or to an iridectomy. Jf, before such an operation, I find an evident 
dacryocystitis with abnormal contents in the sac, I extirpate the latter. If, however, 
it cannot be demonstrated that the secretion from the mucous membrane of the sac 
is abnormal, but there is only the suspicion that it is so, I content myself with opening 
the sac, washing it out and packing it off with iodoform gauze directly before the oper- 
ation on the eyeball. When after the wound in the eyeball heals the gauze is taken out 
of the sac, the wound in the latter readheres and the sac performs its function as before. 


816. Extirpation of Sac [Dacryocystectomy].—For this purpose we 
first inject some cocaine-adrenalin solution beneath the skin over the tear 
sac, and also through the canaliculi into the tear sac itself. Then we make 
a curved incision through the skin 3 mm. to the nasal side of the inner 
canthus, beginning a little above the internal palpebral ligament. and divid- 
ing the latter! and running 2 cm. downward and somewhat outward. [We 
distend the lips of the wound with a small spring speculum (Miiller’s), which 
not only exposes the field of operation but also checks the bleeding.]}__ ‘Then 
beginning at the temporal side of the tear sac and using a blunt instrument, 
we dissect the sac out without opening it. When the sac has been isolated 
completely, it is divided with the scissors close to the pomt where it passes 
into the nasal duct, i. e., at the upper end of the bony canal. The extirpa- 
tion must be very carefully done since, if the smallest bit of mucous mem- 
brane is left behind, suppuration will recur from the canaliculi or from a 
fistula. If, owing to the great friability of the mucous membrane, it is 
impossible to dissect it out completely, we must curette the remaining por- 
tions out with a sharp spoon. Then we sew up the outer wound and by 
means of a pressure bandage make sure that the walls of the cavity are in 
apposition. As a rule, primary union occurs and healing is complete in a 
few days. [In Verhoeff’s operation, which exposes the parts well and is 
attended with little bleeding, a curved incision, 15 mm. long and extend- 
ing rather more above than below the canthal ligament, is made with its 
apex directed toward the eye, and the skin flap thus formed is laid back 


over the nose. —D.] re a 


‘on teat 2 i ividi i pral ligament, the cupola of 
:an also be done without dividing the internal palpebral lig ment, \ \ 
h : A cighas bokibd the ligament being simply drawn down and dissected out. The extirpation 
i ce facilitated by injecting the sac with paraffin (its lower end being tied off before this is done); 
rit the sac has already been opened it may be packed with gauze.—D.] 
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817. Operations Effecting Permanent Drainage.—Since by extirpation of the 
lachrymal sac the normal drainage of tears is made forever impossible Toti has pro- 
posed as a substitute for this operation that of dacryocystorrhinostomy. The medial wall 
of the sac is removed, and a correspondingly large gap is also made in its bony sub- 
stratum by the resection of a piece of the lachrymal bone and of the frontal process 
of the superior maxilla. Thus the lumen of the lachrymal sac is brought into direct 
connection with the nasal fossa, into which the contents of the sac can now discharge, 
though passing outside of the nasal duct. The direct result of the operation is good 
so far as the epiphora is concerned, but further experience is required to determine 
the permanence of the result and the protection that the operation affords against 
infection of the cornea by bacteria from the lachrymal sac. The same is true of West's 
operation, by. which the tear sac is opened from the nasal cavity and to such an extent 
that a permanent communication is effected. [Other operations for the same purpose 
are those of Clark and Yankauer.—D.| 

818. Extirpation of Lachrymal Glands.—Extirpation of the superior lachrymal 
gland is .performed through an incision made in the outer part of the previously 
shaved eyebrow. (It is made here in 
order that the scar shall be invisible after- 
ward.) This operation is done particularly 
in cases of degeneration of the lachrymal 
gland. 

The inferior lachrymal gland is ex- 
tirpated through the conjunctival sac. 
After everting the upper lid we draw 
down the retrotarsal fold with the forceps 
and inject some cocaine solution beneath 

the temporal half of the fold. Then we 
[Fie. 413.—Roiiter Forceps ror TRACHOMA ; F ; 
A. Knapp’s forceps. B. Rust’s modification, Sim- cut the latter longitudinally with the 
ee have been devised by Noyes and others. scissors as far as the outer commissure. 
If now we separate the edges of the 
wound we see the acini of the gland presenting, and can readily dissect them out. 
Since the acini are grouped about the excretory ducts of the upper gland these ducts 
are divided at the same time. This explains the marked effect of the operation on the 
secretion of tears. 


III. Expression AND GRATTAGE 


819. In performing expression for trachoma we attempt to remove the 
granules without destroying the conjunctiva. This may be done either by 
puncturing the granulations individually with a sharp knife and then 
squeezing them out (Sattler), or by passing the retrotarsal folds through the 
blades of Knapp’s roller forceps. In the latter instrument each blade car- 
ries a fluted roller, and {when the lids are everted] the conjunctiva is drawn 
in between the two rollers, which fit closely into each other, and the tra- 
choma granules are squeezed out, 


[Many searify the retrotarsal folds with a small triple-bladed scarifier before 
expressing the granulations. Kuhnt uses an “expressor,’’ which has smooth blades 
and simply squeezes the granules out without making traction on the conjunctiva or 
tearing it. Others prefer brossage, which consists in brushing the everted lids vigor- 
ously with horizontal sweeps of a small sterile toothbrush. Grattage is brossage with 
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preliminary scarification, the toothbrush being soaked in a 1:506 or 1:2000 sublimate 
solution. All these operations are quite painful and in children require general ancs- 
thesia. In others they may be performed with local anesthesia, particularly if, follow- 
ing Guttman’s suggestion, we inject a very weak 
solution of cocaine directly into the retrotarsal 
folds. The translator's experience, agreeing with 
that of others, is that expression with the roller 
forceps is a satisfactory method, which, if prop- 
erly performed, is rarely attended with undue 
reaction or untoward symptoms. The expression 
may be applied not only to the retrotarsal folds 
but to the tarsus as well. In this case one branch 
of the forceps is placed on the cutaneous, the 

other on the tarsal surface of the lids, and the es : 
latter is squeezed by the forceps, which is rolled CT 


in different directions.—D.] Fre. 414.—Oppration ror Preryaium.— 
Dotted lines indicate incisions. 


IV. OPERATIONS FOR PTERYGIUM AND SUPERFICIAL GROWTHS ON EvYE 


820. A pterygium may be ablated by Arlt’s method. With a toothed 
forceps we grasp the pterygium at its neck, where the incurving of its mar- 
gin permits it to be partially lifted from its bed. Starting from this point, 
we carefully dissect off the head from the cornea, upon which it lies, keeping 
strictly to the line of division between the tissue of the pterygium and the 
cornea. We must be particularly careful to remove thoroughly the gray, 
gelatinous zone at the apex of the pterygium, scraping it away if necessary. 
When the whole of the head as far as the ' 
limbus has been separated from the cornea § 
we circumscribe this segment by carrying 
from the upper and lower margins of the 
neck two converging incisions ito the body of the pterygium (the 
dotted line, Fig. 414). In this way a rhomboidal piece, containing the 
head and part of the body, is excised and a raw surface remains, one 
portion of which lies in the cornea, the other in the conjunctiva of the 
eveball. This last is covered by uniting the upper and lower margins of the 
sections by means of one or two interrupted sutures. The wound in the 
cornea heals by a cicatrix forming over it, in consequence of which a perma- 
nent opacity remains. Care in sewing up the conjunctival wound is of the 
greatest importance, especially in the neighborhood of the limbus, as other- 
wise the conjunctiva grows anew over the raw surface of the cornea, and 
thus the pyterygium recurs. However, even after carefully performed oper- 
ations relapses are not infrequent, and then a second removal is required. 


[Fie. 415.—Prince’s Drvuxsor.] 


Arlt deserves the credit of having made the operation for pterygium a success by 
demonstrating the necessity of closing the conjunctival wound. Previously people had 
been satisfied with simple ablation, and had so frequently had recurrences after this 
operation that with many it had altogether fallen into disrepute. 
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[In detaching the pterygium a blunt divulsor (Fig. 415) may be used. This is 
introduced beneath the pterygium and brought like a draw-knife toward the pterygium 
head. Or, following the ingenious suggestion of Hunter, the pterygium may be stripped 
off clean by a thread passed beneath it and carried in toward the cornea with a sawing 
motion.—D.,] 


Il 


[Fic. 416.—Kwnapp’s TRANSPLANTATION OF PrEeRYGIuM. (After Norris and Oliver.) 


The head of the pterygium (I, a) is dissected off, and the incisions bu and bi carried along the 
margins of the pterygium through the conjunctiva. These incisions are prolonged into the upper and 
the lower fornix, producing in each an angular gap (II, dl and du). The pterygium is then detached, 
its head is cut off, and the pterygium split by a horizontal incision (I, c) into an upper and a lower 
half. The tip of the upper half is stitched into the defect du, the tip of the lower half into dil. The 
incisions ew and el are made, delimiting two quadrangular conjunctival flaps, which are undermined 
and then brought together and stitched so as to cover the defect dm. The innermost stitch connecting 
these flaps is also passed through the base of the pterygium.—D.] 


In very broad pterygia it is difficult or impossible to unite the edges 
of the conjunctival wound by a suture. In that case liberating incisions 
are made through the adjacent conjunctiva in order to make it easy to 
draw it down; and, instead of cutting off the tip of the pterygium, it may 


B 


{Fic, 417.—Bwarp’s Orpration ror PreryaGium. 


BAC, pterygium. Two slightly diverging incisions, DE and FG made through the upper layer 
only of the conjunctiva (not through the whole thickness of the pterygium), are carried well to the can- 
thus. An instrument to strip up the pterygium is introduced Fitinee: incision FI and brought out in 
incision D/T; then is carried toward the cornea so as to detach the head DAF. The latter is cut off, and 
then the body of the pterygium, so far as it is included between the incisions DH and FI, is earefully 
dissected from its bed and pushed back toward the canthus, DF retracting to HI and leaving a raw 
surface, DHFI. The conjunctiva above DH and below FT is undermined, and theincisions, HL, LK 
FM, and IN, made so as to delimit the flaps KDHL and MFIN. These are drawn together 80 that 
DH and FI meet in the dotted line. They are attached to each other by a single suture and b 
another suture to the retracted pterygium THIG.—D.] ‘ : : 


be sewed into the gaps which have been made by the liberating incisions. 
This is called transplanting the pterygium. [Knapp’s method of transplan- 
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. tation is shown in Fig. 416. McReynold’s method is somewhat like this, 
but the conjunctiva is divided along the lower edge only of the pterygium, 
the conjunctiva below the pterygium is undermined, and the pterygium 
is drawn down into the pocket thus forméd and sewed there by a double- 
armed suture passed through the tip of the pterygium and brought out 
through the conjunctiva 6 or 7 mm. below the cornea. The upper edge 
of the pterygium with the conjunctiva still attached to it is thus drawn 
out smooth and flat.—D.] 

[Beard’s operation for pterygium is shown in Fig. 417 —D.] 
[Pterygia may also be destroyed by strangulation. Ligatures are passed round 
the neck and body of the growihs, tied tight, and left in till they cut their way through. 


‘The head of the pterygium then atrophies. To secure the same object the neck of the 
pterygium may be seared with the cautery.—D.] 


[Quite similar to Beard’s operation for pterygium is his operation for 
removing superficial growths (dermoid, etc.) at the sclero-corneal margin. 


(See Fig. 418)—D.] 


. 418.—Berarp’s OPERATION FOR SUPERFICIAL GROWTHS AT THE LIMBUS. f 
PELL on ir AB and CD, are made so as to include the whole of the growth. sre pak saty 
stripped up and shaved off clean just as in the case of a pterygium (Fig. 417), but, wt of being 
simply shoved aside, is removed in its entirety. There is thus left a raw surface, BACD. e Goede: 
tiva above AB and below CD is undermined, and by incisions, AH, CG, BF and DH, rere ne ye : 
the cornea, the flaps, HABF and GCDH, are delimited. These are brought bDgeten so tha an 
CD meet along the dotted line. A stitch or two serve to keep them in place.—D.] 


V. OPERATIONS FOR SYMBLEPHARON 


821. Cases of symblepharon anterius are easily cured. We separate 
the adhesions between the lid and the eyeball with great care, so as not to 
cut into the sclera or the tarsus. When the lid has been set free, we must 
then make it our business to prevent a readhesion of the freshly made 
raw surfaces, and to make each of these cicatrize by itself. This is 
effected by repeatedly drawing the lid away from the eyeball, oe also by 
interposing a pledget dipped in oil or smeared with ointment between the 
lid and the eye. . , 

In symblepharon posterius we also begin by separating the adhesions 
as far back as the fornix. We then see, when we have drawn the lid 
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away from the eyeball, two corresponding raw surfaces, one in the eyeball, 
the other on the lid (Fig. 419). These two opposed surfaces, which meet 
at the fornix, would soon reunite, beginning at the fornix, if we did not 
take care to have one of the raw surfaces covered with conjunctiva, so 
that a place coated with epithe- 
lium lies opposite to the raw sur- 
face remaining. The wound on the 
eyeball is the one we select for cov- 
ering over, because the conjunc- 
tiva of the eyeball can readily be 
displaced, while the conjunctiva of 
the lid is adherent immovably to 
the tarsus. We loosen the con- 
junctiva of the eyeball on both 
Fic. 419.—OppRATION FoR A SYMBLEPHARON Rides Oba tie wound, draw bh down 
Posrerivs. over the latter, and unite it by 

nats ature esate. Papal cae must be 
draw the conjunctiva up over the raw surface, alib- Gevoted to uniting the wound in 
the cornea, inward and outward irom the upper end the neighborhood of the fornix. If, 
ee after dividing the adhesions, the 
raw surface upon the eyeball is so large that it cannot possibly be covy- 
ered by conjunctiva, reunion of the symblepharon will inevitably result. 
Hence, cases of extensive symblepharon posterius, and obviously also 


[Fia. 420.—OpprRaTions ror SYMBLEPHARON. (After Knapp in Norris and Oliver.) 

A. Arlt’s second method used when the cornea is encroached upon (pseudo-pterygium). This 
latter is detached from the cornea and eyeball down to the fornix, and the head of it is stitched into 
the fornix by a double-armed thread, which is passed through the lid so as to form a loop on the cu- 
taneous surface of the latter. This loop is tied over a roll of gauze or bit of rubber tubing. The raw 
surface of the conjunctiva is covered in as shown in Fig. 419. 

B. Knapp’s method for covering the defect with two sliding flaps of conjunctiva. To prevent 
these flaps from over-riding the cornea their lower borders are fastened down with stitches carried 
through the submucous tissue of the fornix or through the thiekness of the lids as deseribed in A. 

C. Teale’s method. A sliding quadrangular vertical flap is fashioned out of conjunctiva at c and 
another one at d. Flap c, is brought down, rotated 90°, and stitched in place so as to cover the defects 
in the bulbar conjunctiva, flap d covering that in the tarsal conjunctiva. The raw spots left by the 


pmo vel aed flaps are covered in by drawing the adjacent conjunctiva over them and stitching it 
in place.—D. 


vases of symblepharon totale, are incurable. The same is true of 
symblepharon induced by the gradual shrinking of the conjunctiva. . 


eT 
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We sometimes also operate for symblepharon in the case of a blind and shriveled 
eye so as to be able to introduce an artificial eye over it. 

Different methods [besides the above of Arlt's] have been devised to enable us to 
operate for cases of symblepharon posterius with extensive adhesion. Himly, in an 
operation analogous to that for syndactylism, first made a preliminary perforation of 
the adhesion along the fornix, and carried a lead wire through the canal so formed. 
The latter, after the wire has been in it a pretty long time, becomes covered with epi- 
thelium (like the canal made by piercing the lobule of the ear for ear-rings), so that the 
symblepharon posterius is changed into a symblepharon anterius, and can be operated 
upon, like the latter, by simply separating the adhesion, Some have attempted to 
cover a large loss of sub- 
stance upon the eyeball, 
caused by the removal of a 
symblepharon, by making 
the conjunctiva that is to be 
drawn up over it movable by 
means of liberating incisions, 
or by fashioning pedicellate 
flaps out of conjunctiva and 
attaching them to the wound 
(Teale, Knapp). Others 
(Stellwag, Wolfe) have grafted 
non-pedicellate flaps formed 1--------—----------{-- 
out of bits of mucous mem- 
brane from other localities 
(the conjunctiva of the other 9. 
eye, the mucous membrane | 
of the lips, or that from the 
mouth or vagina, or even the 
mucous membrane of ani- 
mals) upon the raw spot, and 
have obtained union. Others 
again, for covering a loss of 
substance, take the external 
skin either in the form of 
small flaps grafted upon the 
surface, or as pedicellate flaps 
which are thrust in between 


the eyeball and the lid through [Fro. 421. Formation oF New |Cut-pn-sac (after Weeks).— 


a fenestra cut through the 1, orbital tissue; 2, flapin position; 3, lid; 4, periosteum; 5, sutures; 
_ 6, bone of orbit.—D.] 


latter (Kuhnt, Snellen). As | 
an adjunct in these different methods we may directly after the completion of the 


operation insert a properly fitting shield into the new conjunctival sac between the 
eyeball and the lids and let it stay until firm cicatrization has ensued. ; 

Generally speaking, we are obliged to acknowledge that in extensive adhesions 
all methods have but scanty results to offer, since the symblepharon commonly returns 
on account of the subsequent shrinking of the conjunctiva. _ 

822. [Formation of New Cul-de-Sac.—When the symblepharon is such as to 
obliterate the fornix, anew fornix may be made (especially for the reception of an 
artificial eye) by inserting a Wolfe graft into the groove made by dissecting out the 
cicatricial tissue, anchoring the graft down by stitches passed through the periosteum 


942 TEXT-BOOK OF OPHTHALMOLOGY 


of the orbital margin and the lids (see Fig. 421), and keeping it in place by a gutta- 
percha plate (Weeks). Maxwell takes a flap from the cheek to form a floor for the 
socket (Posey). Verhoeff uses Thiersch grafts held in place by a large glass ball, the 
tendency of the tissues to contract being overcome by a pressure bandage applied 
over the ball. If the resulting cavity is too deep, he permanently implants a glass 
ball deep in the orbit. Zentmayer also has used a glass ball to support Thiersch 
grafts in the orbit.—D.] 

823. [Transplantation of Conjunctiva.—This may be done (a) for] rapidly advanc- 
ing ulcers of the cornea. The ulcers are cleansed by scraping the floor and walls and then 
a flap, either with a single pedicle or bridge-shaped, is cut from the conjunctiva of the 
eyeball close to the margin of the cornea. This flap is then applied to the surface of the 
ulcer without being attached to it in any special way. JA similar operation is used to 
close in fistulze of the cornea (page 266). [(b) To cover wounds, especially operation 
wounds, of the conjunctiva, cornea, and sclera. In the case of operations on the 
cornea or sclera, we form the conjunctival flaps first, and in such a way that the in- 
cision in the conjunctiva shall be at some distance from the corneal or scleral incision, 
and then expose the site of the latter by reflecting the flap (see page 919). When 
the cornea is cut into or cut away at some distance from the limbus, two or more 
flaps may be made in the conjunctiva, then drawn up over the cornea and sewed 
together over the wound (conjunctivo-keratoplasty; ef. page 971). A like principle 
holds in covering in non-operative wounds of the cornea and sclera. De Wecker 
in such cases covered the entire cornea by dissecting up the conjunctiva all round 
the cornea, drawing it down over the latter, and holding it in place with a 
purse-string suture. This sort of flap is very useful in corneal wounds that are likely 
to become infected (De Schweinitz). It is kept in place for eight days. For covering 
defects of conjunctiva, flaps are made of various shapes according to the exigencies of 
the case. Cf. Beard’s operations (Figs. 417, 418) and the operations for symblepharon 
(Figs. 419, 420).—D.] 

824. Division and Excision of the Conjunctiva.—(a) Peritomy consists in dividing 
the conjunctival vessels running over the limbus either by simply making an incision 
round the cornea through the conjunctiva, or by excising a narrow annular strip of 
the latter [the latter operation is also called peridectomy and syndectomy]. It is done in 
order to get rid of a thick pannus [and sometimes also for other conditions (episcleritis, 
herpes, acne rosacea). In Agnew’s operation, which yields good results, the conjunc- 
tiva is divided all round close to the limbus, and pushed back for a space of 5 mm.; 
then the bared episcleral tissue in this zone is scraped clean away, and the larger ves- 
sels incised or cauterized (Beard). Panas and others perform peritomy by destroying 
the vessels round the cornea with the cautery (igneous peritomy’.—D.} 

[(b) Excision of the Retrotarsal Fold.—This operation, advised by von Blascoviez, 
is suitable for cases of trachoma in which the retrotarsal fold is markedly infiltrated, 
but the tarsus is not involved. The upper lid is everted and the convex margin of the 
tarsus is grasped with two pairs of forceps An incision is made in the healthy conjune- 
tiva sclere, extending from the outer to the inner canthus and close to the line of demar- 
cation between the healthy conjunctiva and the diseased fold. Several sutures are 
passed through the retracted margin of the scleral conjunctiva, and the latter is under- 
mined. A second incision is made separating the retrotarsal fold from the tarsus, and 
the fold is then dissected off and removed. The sutures that have been already 
placed in the scleral conjunctiva are then passed through the upper edge of the tarsus 
and are tied (Rémer). This operation may be combined with excision of the tarsus 
(see page 950).—D.] 


CHAPTER III 


OPERATIONS ON THE LIDS 
I. Removat or Growrus on THE Lips 
825. Operation for Chalazion.—For this the lid is everted, and the 
conjunctiva and the wall of the chalazion lying beneath it are opened by 
an incision with a sharp-pointed scapel. After the fluid portion of the con- 
tents has escaped, the granulation masses which still remain are removed 


= 
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[Fia. 422.—BLEPHAROSTATS FOR LID OPERATIONS 
a, Jager’s horn plate. 6, Knapp’s lid-clamp. c, Desmarre’s clamp. The plate in ae and ie 
inserted en eueh the lid thus affording a resisting surface n ethe ns to Shee Ag aL evereunee wae 
i ichiasis opi aC: i tosis, chalazion, ete.). 6 and ec, : £ 
i ations for trichiasis, entropion, ectropion, p ; } : a Cr. ety 
age Pay car Gouetened down upon the lid, also act as clamps holding Fa a ee in pl too ane 
evant rh i ion Smet JF: sed specially for chalazia are ms 
i : re Smaller clamps used specially 
vent: morrhage during the operation. c specia for ¢ mi 
he peer d Ehbrhardt’s forceps for double eversion of upper lid in resecting the tarsus and 


removing the accessory lachrymal gland.—D.] 
: ar 
i 1 aviel’s scoop). Even 
by scraping (with a small, sharp spoon, or with a Davie l’s Me Pp) Ae 
then the tumor does not disappear completely, because its resistant capsule 
remains, although this shrinks up alter a short time. If the contents of 
) 


the chalazion are not completely removed, it is apt to form again, so that 
é 943 
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the operation has to be repeated. [Extirpation (see below) obviates this 
disadvantage, and is hence preferred to incision by many including the 
translator. In operating for chalazion it is usually advantageous to apply 
a lid clamp (see Fig. 422, b and c) or a smaller chalazion clamp to stop the 
bleeding which is generally free enough to interfere with the proper per- 
formance of the operation —D.| 

If we desire to make the operation of curretting a chalazion absolutely painless 
it is not sufficient to drop cocaine into the conjunctival sac, but we must also inject 
a little cocaine into the very substance of the chalazion. 

Instead of merely opening the chalazia, we may eztirpate them by dividing the 
skin over them and then cutting them out of the tarsus. A fenestra is thus made in the 
tarsus and in the conjunctiva as well. [Chalazia, especially of the lower lid, can often 
advantageously be removed through an incision on the tarsal surface——D.] Such an 
extirpation of the chalazia is pretty tedious, for which reason we in most cases prefer 
the simple incision combined with curretting, and are perfectly successful with it, too. 
Extirpation is indicated only when we are dealing with large chalazia, which project 
far forward and have a particularly thick capsule. 

826. Removal of Lid. Tumors.—For vascular tumors we employ elec- 
trolysis. The positive pole of a constant-current battery under the form of 
a plate electrode is placed upon the temple, and then the current is passed 
through the circuit. The negative pole is armed with a needle which is 
plunged into the tumor. The current is now turned on, and soon bubbles 
of gas begin to escape along the needle out of the puncture made by it. 
The needle is then withdrawn, and the same procedure is repeated at 
another point of the tumor. Owing to the decomposition of the tissue fluids 
produced by the galvanic current, the blood coagulates in the vessels, which 
consequently become obliterated. Several sittings are always required for 
the complete removal of the tumor. 

[Other tumors we extirpate according to the usual surgical rules, being 
careful to remove all the growth and being particularly careful net to cut 
into cysts.” In removing the growth we spare the lid margin if we can.—D.] 
In removing malignant tumors we must keep at least a centimetre outside 
of the visible or palpebral border of the neoplasm. If we have to sacrifice 
so much of the lid that the eyeball remains uncovered, a substitute for the 
palpebral skin that has been destroyed must be gotten by blepharoplasty 
(page 959) done immediately after the removal of the tumor. In extensive 
tumors it 1s necessary often to remove the eyeball (page 1026), and even 
the entire contents of the orbit (page 1029). 


Il. OPERATIONS FOR TRICHTASIS 
827. The number of operative methods proposed for the relief of tri- 
chiasis and distichiasis is extremely large. Many of the procedures ad- 
vocated are, however, distinguished only by trifling details from each other, 
so that it is sufficient to describe at length only some few of the methods 
which may be regarded as constituting the main types of operation. 
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Of any good trichiasis operation it must be demanded that it relieve 
the faulty position of the cilia and prevent a return to this position (a 
relapse). Circumstances being the same, preference will be given to that 
method which attains this result with the least amount of disfigurement. 
The obvious procedure for surgeons first to hit upon consisted in simply 
removing that part of the lid which bears the cilia (ablation of the zone of 
hair follicles). But since the results of this method of operating leave much 
to be desired, it was so modified that the zone of hair follicles was not 

removed, but simply displaced in such a way that the cilia took on the direc- 
tion desired (transplantation of the zone of hair follicles). By these 
methods the trouble is removed, but without its cause—namely, the dis- 
tortion of the tarsus—being done away with. Hence, still others conceived 
the idea of curing trichiasis by giving the distorted tarsus its normal shape 
again (straightening of the tarsus). Upon some one of these principles 
depend most of the known operations for trichiasis. 

828. (1) Electrolysis.—{Instead of removing a portion of the lid, we 
may simply remove the cilia by electrolysis.—D.] 

The two poles of a constant-current battery are so arranged that the 
positive pole is formed by a plate electrode, the negative pole by a slender 
needle. The former is applied to the temple, and the latter is introduced 
into the hair follicles of the cilium, and then the circuit is closed. At once 
a light foam is seen to exude from the root of the cilium. This is formed 
by the bubbles of hydrogen gas which are developed at the negative pole 
and give evidence of the chemical decomposition of the tissue fluids pro- 
duced by the electric current. By virtue of this decomposition an adequate 
destruction of the hair follicle results without any eschar being produced. 
The cilium can now be very readily drawn out, or it falls out afterward of 
itself, and it never grows again. The operation is pretty painful, and hence 
it is a good plan to inject some cocaine solution beneath the skin of the lid 
near its free border. [It is used especially when there are only a few mis- 
placed cilia that require removal.—D.] 

829. (2) Ablation of the Zone of Hair Follicles by F larer’s Method.— 
During the operation some firm support upon which the cutting can be done 
must be placed beneath the lid. For this purpose 4 lamina of horn, is 
employed, which is pushed beneath the lid, the lamina being either in the 
simple form of Jager’s horn plate (Fig. 422, a) or in the complicated form 
of Knapp’s blepharostat [lid clamp] (Fig. 422, b), in which the lid is kept 
pressed against a horn plate by means of a metal ring. The lid must be 
similarly fixed in the other methods of operating for trichiasis. After insert- 
ing the horn plate an incision is made with the lance knife (or with a scalpel) 
in the intermarginal space, and in fact in that gray line which PoDararce the 
orifices of the Meibomian glands from the roots of the cilia (7, Vig. 284). 
When we make the incision here we get into the loose connective tissue 
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which lies between the tarsus and the muscular fibers of the orbicularis, and 
which is readily divided. We thus split the lid into two lamine, the anterior 
of which contains the skin with the cilia, and the posterior the tarsus with 
the conjunctiva. This process of cleavage must run along the whole length 
of the edge of the lid and be carried inward to a point over the roots of the 
cilia—i. e., to a distance of about 3mm. from the free edge of the lid. When 
the zone “i hair follicles is thus detached from the tissues beneath it, we 
now need only separate it from its connection with the skin of the lid. This 
is done by an incision carried through the skin parallel with the edge of the 
lid and situated at the limits of the zone of hair follicles. This latter is then 
connected with the skin of the lid at its two extremities. This connection 
being now divided with the scissors, the zone of hair follicles (the portion a, 
bounded by the dotted line in Fig. 423) is detached. A raw surface now 
remains along the border of the lids, the floor of which 
is formed by the anterior surface of the denuded tarsus. 
This wound heals by granulation within a few days. 


This is one of the oldest methods of operating on trichiasis. 
It has the advantage of simplicity, and, moreover, when nothing 
has been left, makes all relapses impossible; but it produces a 
permanent disfigurement due to the removal of the cilia, and 
deprives the eye of the protection which the cilia afford. This 
is of particular importance in the upper lid, where the cilia are 
Fic, 423.—Astatroy More numerous and are larger. Moreover, the hard cicatrix 
CR aN ae cy which is formed at the site of the ablated zone of hair follicles is 
Fiarer’s Meruov. often a cause of renewed irritation of the eye. Hence, ablation of 
Magnified 2 X 1. : 5 ; -. 
the zone of hair follicles is at present but rarely performed, 
being almost entirely replaced by the transplantation methods (§§ 880 et seq.). It 
is employed upon the lower lid, where the cilia in any case are small and scanty, and 
particularly in cases of partial trichiasis in which ablation need be done only over a 
short extent of surface, 


830. (3) Displacement (Transplantation) of the Zone of Hair Follicles by 
Jaesche-Arlt’s Method.—In the upper lid the operation is performed by 
beginning, as in the case of ablation of the hair follicles, with an incision 
in the intermarginal space, which splits the lid into two laminz as far as 
the upper limit of the bed of hair follicles (m, Fig. 424 A). In this way the 
bed of hair follicles is detached from the underlying tissue and is made 
movable. In order now to draw this zone up and attach it at a higher point, 
the skin of the lid is shortened in the vertical direction by excising a fold of 
it. The fold to be excised is bounded by two incisions. One runs 3 or 4mm, 
above the free border of the lid and parallel with it; the other is carried 
above the first along a curved line, so that at its center it is farthest (6 to 
8 mm.) from the first incision, but at its extremities coincides with it (Fig. 
424 C). In this way an elliptical piece of skin is cireumscribed, which then. 
is dissected from the underlying tissues with the scissors, care being taken 
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to preserve the subjacent muscular fibers. The two lips of the wound being 
then united by a number of sutures, which are applied in a vertical direction 
(s, Fig. 424, B), the lower lip of the wound, together with the zone of hair 
follicles, is drawn well up, and the cilia are in this way directed straight. 
At the same time the incision in the intermarginal space gapes open and dis- 
plays at its bottom the raw anterior surface of the tarsus. In order that 
the bed of hair follicles may not be drawn down again by the cicatrization 
of this wound, the piece that has been excised from the skin of the lid is 
inserted into the wound so as to be implanted there. This piece must be 
trimmed down so as to fit well into the wound (h, Fig. 424, B). If care is 


h e 
Fia. 424.—TRANSPLANTATION OF THE Bep or Harr FOouiicites By JAnSCHE-ARLT’s METHOD. 


incisi incision i i i i . Magnified 2X 1. B, operation 
, cutaneous incision and incision in the intermarginal line, m : 
after Fer the cutaneous sutures, s, and implanting the piece of skin, h. : Magnified 2X 1. C, front 
view after the excision of the skin has been made and with the horn plate inserted. Natural size. 


taken by proper bandaging of the eye to keep the transplanted strip of skin 
pressed against the raw surface forming the bed of the wound, it almost 
always becomes well attached to the latter in healing. - 
In performing this operation the mistake is frequently made of excising 
too broad a piece of skin from the cutaneous surface of the lid, which thus 
becomes so much shortened that ectropion or lagophthalmus develops. 
We should therefore, before the operation, determine the size of the piece 
to be exsected, by pinching up a fold of skin with the finger and seeing how 
large this must be in order to effect its object without shortening too 
kin of the lids. 
oa at ae lid the operation is performed in the same way, except that 
here, in order not to get ectropion, the piece of skin to be exsected must be 


made still narrower. 
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The most important step in the way of improving the operations for trichiasis 
was made by Arlt, who devised the plan of detaching the bed of hair follicles from 
the tarsus. In this way one was enabled to do an extensive transplantation without 
having to fear a necrosis of the bed of hair follicles, as in the original method of Jaesche, 
who released the bed of hair follicles, along with the subjacent tarsus, from end to end, 
and separated both completely from the underlying tissues. Even Arlt’s method, 
however, is not free from disadvantages. One of these consists in the difficulty of 
gauging accurately the size of the piece to be exsected; another, in the possibility of a 
relapse. As regards the first point, no fixed breadth can be assigned for the strip to be 
removed, because this breadth varies according to the character (i. e., the elasticity or 
laxity) of the skin of the lids. If too little is exsected, the zone of hair follicles is not 
drawn up sufficiently and the trichiasis returns; if too much skin has been removed, we 
get ectropion or lagophthalmus, which could only be got rid of by subsequent opera- 
tions. For this reason methods have been devised to effect the elevation of the zone of 
hair follicles without excising any skin. Hotz’s operation (§ 831) belongs in this category. 


831. 4. Drawing up the Bed of Hair Follicles by Hotz’s 
Method..—When this operation is made upon the upper lid, 
an incision is first carried through the skin of the latter, 
passing along the upper border of the tarsus from one end 
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0- A of it to the other. Then the lips of the wound are sepa- 
A rated, and the bundles of fibers of the orbicularis (Fig. 
A | 425, 0) which are visible at its bottom are exsected. The 


wound is next closed and at the same time its lower lip is 
; stitched to the upper border of the tarsus. For this pur- 
Fie. 425. — Horz’s pose the needle is passed first through the upper lip of the 

OPERATION. 

cutaneous wound, then through the upper border of the 

tarsus, and lastly from within outward through the lower lip of the cu- 
taneous wound (s, Fig. 425). As many of these sutures are applied as 
necessary. The idea underlying this operation is to raise the bed of hair 
follicles, not by shortening the skin of the lids, as in Jaesche-Arlt’s method, 
but by attaching the skin to a fixed point—namely, the upper border of the 
tarsus. The exsection of the fibers of the orbicularis is done with the in- 
tention of diminishing the power of this muscle which tends to force the 
lid backward. This operation dispenses with the step of detaching the bed 
of hair follicles by an incision in the intermarginal space; but it may, if 
necessary, be combined with such an incision. 

In the lower lid the method of operating is the same, but the cutaneous 
incision, in accordance with the smaller height of the tarsus, runs closer to 
the free border of the lid. 


A somewhat different method is that of Oettingen. He carries the incision in the 
intermarginal space to a point above the upper border of the tarsus, so that all the 
skin which covers the tarsus can be displaced upward. This portion of skin is then, 
by means of sutures, attached near its free border which carries the cilia, to the upper 
border of the tarsus (Fig. 426). Below the free border of the lid, which has been 


1(As Hotz says, first proposed by Anagnostakis.—D.] 
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thus elevated, there remains quite a large wound, formed by the anterior surface of 
the tarsus. Upon the same principle depend the methods of Kkostomyris, De Wecker, 
and Warlomont. 

832. 5. Straightening of the Tarsus by Snellen’s Method.—This object 
is sought to be obtained by the excision of a prismatic 
piece from the tarsus. The skin is incised about 2mm. above 
the border of the lid, and in a direction parallel to the 
latter along the entire length of the lid (i, Fig. 427 A). 
Then the lowermost bundles of fibers of the orbicularis 
which lie exposed in the wound are excised, so that the 
tarsus is presented to view. A prismatic piece is now 
exsected from this latter along its entire length, and in 
such a way that the base of the wedge corresponds to the Fis #26 (OBttin- 
anterior, the apex of the wedge to the posterior surface  Mesnified 2x 1- 
of the tarsus (e, Fig. 427 A). The next thing to do is to bring the two 
cut surfaces of the tarsus into contact. This is accomplished by sutures: 
applied under the form of loops by means of double-armed threads. One 
needle is first passed through the upper border of the tarsus (a, Fig. 427 
B), and is then carried down in front of the wound in the cartilage and 

B between the tarsus and the skin as far as the 
free border of the lid, above which it is 
brought out agai. A similar manceuvre is 
performed with the other needle. The loop then 
lies upon the upper extremity of the tarsus, 
while the two ends of the thread come to view 
above the border of the lid. These ends are 
then tied upon a bead (p), and are afterward 
carried up to the forehead, where they are 
attached with plaster above the eyebrow. In 
this way the lid is kept drawn up, and coapta- 
tion of the cutaneous wound is ,rendered 
superfluous, as this then closes of itself. 


Snellen’s operation was modified by Panas in 
CE apn ler oe i ali the following manner: He divides the skin of the lid 

A, after completing the cutane- 2 or 3 mm. above the free border of the lid and parallel 
ee Fe ater aoc to the latter (z, Fig. 428 A), the incision running the 
ing the suture. whole length of the lid. Then, beginning at this 
incision, he dissects up the skin as far down as the free border of the lid and as far up 
as the upper border of the tarsus. Next, cutting down upon the horn plate, he makes 
an incision which runs in the same way as the incision in the skin, and divides the tarsus. 
-through its entire thickness, including the conjunctiva tarsi. By this incision the 
lower half of the tarsus, together with the free border of the lid, is made freely movable, 
and by means of sutures can readily be iotated forward far enough for the cilia to be 


properly directed. The sutures are formed inte loops and passed above through the 
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edge of the tarsus and the tarso-orbital fascia, and the free ends of the loop are brought 
out behind the skin of the lid along the intermarginal line, and here are tied over a 
glass bead (Fig. 428 B). 


833. [Excision of Tarsus (Tarsectomy).—This is done not only to 
relieve trichiasis, but also to effect a radical cure of its underlying cause, 
trachoma. Two operations are done. 

(a) Partial Tarsectomy with Excision of the Retrotarsal Folds.—As per- 
formed by von Blaskovicz, this operation is advised in trachoma with 
marked infiltration of both the tarsus and retrotarsal folds. The upper lid 
is everted and an incision parallel to the lid border is made from outer to 
inner canthus through the healthy scleral conjunctiva demarcating it from 
the diseased fold. Three sutures are introduced through the lower lip of 
the conjunctival wound in such a way that each forms a loop 2 mm. broad, 
with its bight on the epithelial surface of the conjunctiva. Traction is 
made with these, and the scleral conjunctiva is 
dissected far down (nearly or quite to the cor- 
nea—Orcutt). An incision is then made through 
tarsal conjunctiva and tarsus, parallel with the free 
border of the lid and 2.5 or 3 mm. from it, so as to 
delimit all the diseased portions of tarsus and 
conjunctiva. These diseased portions are dis- 
sected out, care being taken not to mjure the 

Pia re oa ee orbicularis or Miiller’s muscle. The piece thus re- 

TION. moved measures about 2.5 em. long and 1 em. 

ci eT eompleting the in- broad. The conjunctiva is then drawn up by the 

B, after applying the suture. Jooned sutures, which are passed through the lid 

from within outward, entering the stump of the tarsus 1 mm. in front of 

its cut edge, and emerging on the skin surface where they are loosely tied 
(Romer).—D.| 

[For Gillet de Grandmont’s tarsectomy see page 963.] 

[(b) Total Tarsectomy.—This operation, devised by Heisrath, has been 
modified by Kuhnt. It is used in the cicatricial stage of trachoma, when 
the tarsus is degenerated and incurved and the conjunctiva is wholly or in 
large part cicatricial. The lid is everted, and an incision made through eon- 
junctiva and tarsus close to the free border of the lid and parallel with it. 
The cut segment of tarsus is then dissected from its attachments and par- 
ticularly from the conjunctiva, which is no longer tightly adherent to it 
(see page 169). The dissection is carried as far as the upper border of the 
tarsus. The insertion of the levator is then divided, and the tarsus, being 
now free from attachments, is removed. The cut edge of conjunctiva is 
sutured to the rim of tarsus left at the free border of the lid (Rémer).—D.] 


834. Other Methods. Advantages of Each.—The relapses which are of frequent 
occurrence after Arlt’s operation, as well as after many other methods, have the fol- 


bo 
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lowing causes: 1, tf the trachomatous process has not completely run its course, the 
shrinking of the conjunctiva and of the tarsus continues to progress after the pperation 
and once more throws the cilia into a faulty position. 2. The shortening of the Anes 
produced by excising a strip of it often fails to be permanent, because the skin, especially 
in old persons, gradually stretches out again. 3. The wound in the intermarginal space 
which remains uncovered, heals by granulation and the formation of cicatrices. By 
the gradual contraction of the cicatricial tissue the free border of the lid may be drawn 
down again and the position of the cilia be made worse. The first point has its basis 
in the nature of trachoma, and can not be charged to the account of the method of 
operating; but the second and third points constitute defects in the operation, which 
it has been sought to remedy. In order to make the contraction of the skin perma- 
nent, the latter has been attached to a fixed point—namely, the convex border of the 
tarsus (Hotz). The main cause of relapses—i. e., the depression of the bed of the 
hair follicles due to the cicatrization of the wound—it has been attempted to get rid 
of by covering the wound with skin. In Arlt’s method this object may be attained, 
as has been described above, by transplanting the excised portion of skin upon the 
wound (Waldhauer). But as this piece of skin is covered with fine lanugo hairs, which 
may cause renewed irritation of the eye, Van 
Millingen prefers to cover the wound with mucous 
membrane which he takes from the lips of the patient, 
or from the conjunctiva of a rabbit. Since flaps of 
skin or mucous membrane, when destitute of a 
pedicle, are exposed to the danger of mortification, and 
in any case shrink very greatly, others have chosen 
pediculate skin flaps for covering the wound. In Fic. 429.—Spencer Warson’s 
Spencer Watson’s method this flap is formed in the Nae EL OISDET eA ES 
following way: An incision is made in the intermar- (peter ara Be a aes ene Bike 
ginal space, and a second oneis made parallel to the flaps do not extend over the en- 
border of the lids and above the row of cilia, as is done eee The eee ve 
for their ablation (Fig. 429, in the outer half of the ee ee ee 
upper lid). Then, instead of detaching the strip of half shows the position of the flaps 
skin, thus marked out, at both ends, as in the operation ie ta Rens eae gs gn 2 
of ablation, it is separated at one extremity only. The bed of hair follicles is thus 
transformed into a long, slender flap which is free at one extremity, but at the other is 
connected with the skin of the lids (a, Fig. 429). Then a second flap of skin similar in 
shape is fashioned by making a second incision about 3 mm. above the first and parallel 
to it, and thus marking out a narrow strip of skin, which is likewise left in connection 
with the skin of the lid by one extremity only (Fig. 429, b). The base of this flap must 
lie at the temporal end of the lid, provided the base of the lower flap, which bears the 
cilia, is situated at the nasal end, and vice versa. Then the two flaps are interchanged, 
so that the one which carries the cilia gets to lie above, and the one that was above 
gets to lie below, along the free border of the lid (Fig. 429, a1 and b;). The flaps are 
kept in their place by sutures. This operation is best adapted for those cases in which 
the trichiasis is present simply at one or the other extremity of the row of cilia, and 
in which, therefore, a short flap is sufficient (Fig. 429). If Spencer Watson’s operation 
is performed along the whole length of the lid, it has the disadvantage that the flaps 
have a very great length in proportion to their narrow base, and hence are apt to die. 
Gayet, Jacobson, Dianoux, and Landolt likewise employ flaps with a pedicle. 
Each of the methods named has certain advantages and disadvantages. The 
any one of them exclusively, but will select the 


experienced operator will not employ 
method to suit the case in hand, and when necessary will even combine two different 
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methods. ‘Thus Hotz’s method may be combined with the excision of a strip of skin, 
with the detachment of the bed of hair follicles by an intermarginal incision, or, if the 
distortion of the tarsus is a very conspicuous feature, by the excision of a wedge from 
the latter. In cases in which the trichiasis is greatest in the center Arlt’s method is very 
suitable, since in this method the exsected piece of skin is broadest in the center, and 
hence it is in this place that the greatest displacement is produced in the bed of hair 
follicles. The methods of Hotz, Snellen, and Panas also exert their greatest effect in 
the center of the lid. For trichiasis at one end of the row of cilia implantation of a skin 
flap with a pedicle—e. g., by Spencer Watson’s method—is the most suitable procedure. 


IIL. CantuopLasty (CANTHOTOMY) 

835. The object of canthoplasty (Von Ammon) is to dilate the palpe- 
bral fissure by dividing the outer commissure. The two lids are separated 
widely with the fingers and drawn toward the nose, so that the outer com- 
missure is put upon the stretch, and the blunt-pointed blade of a straight 
pair of scissors is introduced behind it as far as possible; then, with one snip 
the skin lying between the blades of the scissors is divided in a horizontal 
direction; then, upon drawing the lids apart, a rhomboidal wound is exposed 
to view (Fig. 430). The two outer sides of this wound lie in the skin, the 
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two inner sides in the conjunctiva. In order to make the sides of the com- 
missure draw far enough apart, [we divide the canthal ligament. To do 
this we seize the conjunctival border of the wound with the forceps and 
drawing on it until the resistance of the fibers (canthal ligament) is dis- 
tinctly felt, then pass the closed blades of the scissors into the wound, 
feel for the ligament and, when it is found, open the scissors blades so 
as just to include and divide it (Hotz).—D]. The inner sides of the 
wound are next stitched to the outer by grasping the conjunctiva at the 
spot where the two borders of the wound come together, and attaching 
this point to the external angle of the wound by a suture. Then an 
additional suture, uniting skin and conjunctiva, is passed through the upper 
and the lower portions of the wound respectively (Fig. 431). 

If the wound in the external angle of the eye were not covered with 
the conjunctiva thus stitched to it, it would reunite within a short time. 
Hence, if all that we need is a temporary dilatation of the palpebral fissure, 
we satisfy ourselves with splitting the external commissure without 
applying any subsequent suture—temporary canthoplasty. 
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In trachoma it is often difficult, owing to the shrinking of the conjunctiva, to 
draw the latter sufficiently into the skin wound and sew it there. In this cage we fol- 
low Kuhnt’s method and take instead of conjunctiva a narrow cutaneous flap which 
is fashioned from the skin of the lower lid. The flap is cut parallel to the free border 
of the lid and close to the latter in such a way that its base lies to the outer side of the 
commissure of the lids so that the flap can be placed in the split commissure without 
being turned. 

The indications for canthoplasty are: 1. Blepharophimosis and ankylo- 
blepharon. In this case a permanent effect is desired from the operation, 
and this is therefore made with a conjunctival suture. 

2. Blepharospasm, especially if it gives rise to spastic entropion. Here 
temporary canthoplasty is sufficient. The success of the operation in these 
cases is attributable not only to the lengthening of the palpebral fissure, but 
also and mainly to the division of the fibers of the orbicularis, in consequence 
of which the latter suffer a considerable impairment of strength. If, as is 
so frequently the case, the spastic entropion is combined with blepharo- 
phimosis, the canthoplasty must be combined with suture. \ 

3. Gonorrheal conjunctivitis, when the lids are extremely swollen and 
exert a considerable pressure upon the eye. In this case temporary cantho- 
plasty is sufficient. The same thing is true when the enlargement of the 
palpebral fissure serves as— 

4. A preliminary step to enable us to remove through the palpebral 
fissure an eyeball which is very much increased in size, or an orbital tumor. 


lV. TAaArsoRRHAPHY 


836. Tarsorrhaphy consists in shortening the palpebral fissure by unit- 
ing the edges of the lids; it is accordingly the direct opposite of canthoplasty. 
The union of the edges of the palpebral fissure may be effected either at the 
outer or at the inner angle of the eye (tarsorrhaphia lateralis and medialis). 

1. Lateral tarsorrhaphy.—tn Von Walther’s method this is performed 
by paring the upper and lower borders of the lids by ablation of the bed 
of hair follicles over the space adjoining the external angle of the eye, and 
then stitching the borders of the lids to each other along the denuded area. 
As in this way it is only a very narrow raw surface—i. e., the raw edges of 
the lids—over which union is effected, the wound is apt to tear apart under 
any considerable amount of strain. Hence in these cases il perform the 
operation in a different way. First, the extent to which it is desired to 
join the lids together is marked out; then to the same eeenN the lower lid 
is split into its two lamin by an intermarginal incision. Irom the inner 
extremity of the section a short incision is carried downward ae A the 
skin, thus converting the anterior lamina of the bisected oe of the lid 
into a flap (a, Fig. 432). The upper and inner borders of this Aap free, 
while the lower and outer borders are connected with the skin of the lid. 
The follicles of the cilia, which lie exposed along the posterior border of the 
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upper end of the flap, are removed by a scissors applied flatwise—this being 
done so that the cilia may afterward fall out. Then the upper lid is denuded 
by first making the intermarginal section in the same way as upon the lower 
lid and then ablating the bed of hair follicles thus detached, as in Flarer’s 
operation. There is thus produced a raw surface (b, Fig. 432), to which it 
is intended that the skin flap of the lower lid shall adhere by its raw surface. 
In order that adhesion of the raw surfaces themselves, and not simply of 
their edges, shall take place, the suture is applied as follows: Both ends of 
a thread armed with a needle at each end are carried through the upper lid 
near its free border, the needles being passed 
from behind forward. In this way the loop 
of the thread gets to lie upon the conjuncti- 
val side of the lid, while the free ends come 
out upon the raw anterior surface. These 
ends are then passed through the base of the 


™ = p¥z skin flap below and are tied upon its ante- 
Dy, <g&<—= rior aspect over a glass bead. By this suture 


ZA), 
Laval \ the base of the flap is kept pressed against 


the raw surface of the tarsus of the upper 
lid; then, as an additional precaution, the 
edges of the skin flap are accurately united 
to the edge of the wound in the upper lid 
- by means of a few fine sutures. The ad- 
: hesion of the lids obtained by this method 
Fic. 432.—TaRSORRHAPHY. 


Te Nawecniy. dasentehasiy Gl, wenees is firm enough to withstand even a powerful 
sented at the external angle of the strain 
eye; a median tarsorrhaphy at the © * 


internal angle. On the lower lid is ‘ Ber di cas #« Aes 
in ign a Ree ee NG PO 2. Median tarsorrhaphy, as devised by 


thread in Gailland’s suture, Arlt, is performed by excising with the 
forceps and scissors a narrow strip of skin from both the lower and 
the upper lid close to their inner angles. The long and slender wounds thus 
produced should meet in an acute angle at a point on the inside of the inner 
commissure (m, Fig. 432). They are then united to each other through 
their entire extent by means of interrupted sutures. If a firmer adhesion 
is desired, this operation, too, like external tarsorrhaphy, may be made with 
the formation of a small skin flap. 
Tarsorrhaphy is indicated 
1. In ectropion.—In this the lower lid is raised by attaching it to the 
upper. Tarsorrhaphy is most effective in senile and paralytic ectropion, 
and also in slight cases of cicatricial ectropion. ‘Tarsorrhaphy is very often 
performed, in conjunction with blepharoplasty, im order to insure the lids 
remaining in the proper position. 
2. In lagophthalmus, because the closure of the palpebral fissure is 
facilitated by shortening the latter. The form of lagophthalmus that most 
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often gives occasion for the performance of tarsorrhaphy is that which 
develops im Basedow’s disease in consequence of the exophthalmus, 
masmuch as here we have no other means of relieving it. 

As a rule, lateral tarsorrhaphy is the operation which is done. Median 
tarsorrhaphy is scarcely ever employed except in paralytic ectropion, and 
is done then only because in this condition the lower lid generally droops 
more in its inner than in its outer half. 


When the lower lid has been in a condition of ectropion for a pretty long time, 
it is ordinarily found to have become elongated by the stretching it has undergone. 
In order to make the lid short again, a procedure by which it is at the same time put 
upon the stretch and pressed against the eyeball, the lower lid, in the performance 
of tarsorrhaphy, is pared to a greater extent than is the upper. When the elonga- 
tion is particularly marked, the lid is shortened by excising a triangular piece at its 
outer extremity. The apex of the triangle is directed downward, and its base corre- 
sponds to the free border of the lid. The two sides of the triangular notch are united 
by means of sutures. 

The operation of uniting the lids by means of tarsorrhaphy is sometimes done 
under great tension—e. g., when the attempt is made to bring closer together lids that 
have become shortened, or when the operation is done in a case of exophthalmus. 
In the latter event it is the enlarged eyeball that tends to push the lids apart. To 
diminish the tension, that portion of the palpebral fissure which is to remain open 
may also be closed by means of sutures, this being done without paring the edges of 
the lids, so that the union shall be only a provisional one. The sutures are left in until 
they cut their way through, or until the healing of the wound made by the tarsor- 
rhaphy has become sufficiently firm. 


VY. OPERATIONS FOR ENTROPION 


837. Spastic entropion develops only when the skin of the lids is 
abundant and relaxed (see page 679). If then the skin is put upon the 
stretch by pinching up a horizontal fold of it in the fingers, the entro- 
pion disappears. Upon this observation depend those methods of operating 
~for entropion which produce contraction of the skin of the lid in a verti- 
eal direction. The methods of operating that are most im use are: 

1. Gaillard’ s Suture.—This operation as modified by Arlt is performed 
as follows: One needle of a double-armed thread is entered at the Junction 
of the middle and inner thirds of the lower.lid. The point of entry lies close 
to the border of the lid (c, Fig. 433 B), the point of exit at a distance below 
it upon the cheek equal to about the breadth of the thumb (d). The second 
needle is passed in a similar fashion and near the first, so that the bight 
of the thread lies upon the skin near the border of the lid (Fig. 483 A ), and 
the two threads run downward beneath the skin of the lids in a parallel 
direction. A similar loop of thread is applied at the junction of the middle 
and outer thirds of the lid. If the two ends of each thread are tied over a 
small roll of adhesive plaster or of iodoform gauze and drawn tight, a hori- 
zontal fold of skin is pinched up upon the lower lid (a, Fig. 433, C), and thus 
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the entropion is made to disappear. In order to produce a sufficient effect, 
the threads are drawn tight enough to produce a slight degree of ectropion, 
which subsequently disappears. The threads should be left im until cica- 
tricial bands, which shall produce the same effect that the threads did, 
form along the channels made by the threads. The entropion is apt to set 
in again subsequently in spite of the operation. The latter, accordingly, 
is adapted to those cases only in which we are dealing with an entropion of 
presumably short duration, as, for example, that form which develops 


beneath a bandage. 


D) 
) 


a erence. 


Fra. 433.—GArLLARD-ARLT'’s OPERATION FOR ENTROPION. 


A, suture seen from in front. B, seen in vertical section; situatéon of the loop. C, the same 
after the loop has been drawn tight. B and C magnified 2X 1. 


Instead of Gaillard’s suture we may also employ one of Snellen’s (not to be con- 
founded with Snellen’s suture for ectropion). This was modified by Stellwag in the 
following way: ‘One or two stout threads armed with curved needles at both ends 
are passed through the entire thickness of the lid, starting from the deepest portion 
of the retrotarsal fold of the conjunctiva (a, Fig. 434), so that they form at the fundus 
of the conjunctival sac one or two loops 4 to 5 mm. in length and 
placed parallel to the free border of the lid. Each needle is next carried 
back through its point of exit in the external covering of the lid (bd), 
then is passed vertically between the latter and the fibro-cartilage to 
a point just at the external lip of the lid, there (c) is brought out 
again, and the two ends of each thread are drawn as tight as necessary 
over a roll of adhesive plaster and tied.”’ 

2. Haxcision of a Horizontal Strip of Skin.—A horizontal 
fold of skin is pinched up between two fingers, its size being 
so gauged that the entropion shall be relieved by it without, 

Fra. 434, however, an ectropion or a lagophthalmus being produced; 
then this fold is snipped off with one stroke of the scissors, and the two 
edges of the wound are next united by means of some sutures. If the 
operation is to be effectual, the upper edge of the wound must. lie 
preity close to the free border of the lid. The result of this operation is 
ordinarily permanent, although here, too, recurrences of the ectropion some- 
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times take place through subsequent stretching of the skin. Hence the 
much more complicated Hotz’s operation (see page 948), which fastens the 
skin of the lids to a fixed point, the attached border of the tarsus, is also 
employed in entropion. 

3. Excision of a Vertical Strip of Skin.—If we push backward upon the 
entropionized lid in the region of the orbital margin, the lid goes back into 
place. We make use of this fact when we try to keep the lid in the proper: 
position by means of an appropriately placed bandage (page 680); but we 
can also secure a permanent effect of this kind by shortening the skin of 
the lid at the margin of the orbit in a horizontal direction, so that it becomes 
tense and presses the lid backward. We first make an incision ab (Fig. 435) 
parallel to the lid and then from the extremities of the middle third of this 
incision make the converging incisions ce and de downward as far as the 
margin of the orbit. The piece so delimited is cut out, and then the two 


lateral borders of the incision, after the connections have been loosened up 
Fia. 435 Fia. 436 


Operation for entropion by Von Graefe’s method. The same after the edges of the wound have 
Way of making the incision. been united. 


sufficiently, are united in a vertical direction (Fig. 436; Von Graefe). The 
scars resulting from this operation are rather more visible than those result- 
‘ing from the excision of a horizontal strip of skin, because they run perpen- 
dicular to the direction of the cutaneous folds; but, on the other hand, this 
operation affords more security against relapses. 

4. Canthoplasty, since it relieves blepharospasm, may also be employed 
for the abrogation of spastic entropion. In those cases in which blephar- 
ophimosis is present with the entropion, the canthoplasty must be made 

* with a conjunctival suture; in other cases a temporary canthoplasty (page 
952) often suffices. 

In cicatricial entropion, due to shrinking of the conjunctiva and the 
tarsus, those methods of operating are indicated which are employed for 
trichiasis, since cicatricial entropion may, as far as its origin is concerned, 
be regarded as nothing but a trichiasis that has become far advanced. 


VI. OPERATIONS FOR ECTROPION 


838. Spastic Ectropion.—In spastic ectropion, which does not yield to 
reposition and the application of a bandage, Snellen’s suture gives the best 
service. Like Gaillard’s suture in entropion (page 955), it consists of two 
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loops, one of which is situated at the junction of the external and middle 
thirds, the other at the junction of the middle and inner thirds, and which 
are passed downward (or in the upper lid upward) beneath the skin of the 
lid. The point of entry, however, is different. In Snellen’s suture this hes 
at the summit of the ectropionized conjunctiva—-that is, under ordinary 
circumstances close to the posterior margin of the tarsus (a, Fig. 437 A). 
From this point the needle is passed down beneath the skin of the lid to a 
point about at the summit of the lower margin of the orbit, and there is 
brought out again (b). The second needle with the other end of the thread 
is carried down close to the first and parallel with it. The two extremities 
of the thread which thus come to view upon the cheek are tied over a roll 
of adhesive plaster or iodoform gauze and drawn tight until a slight degree 
of entropion (Fig. 437 B) is produced. The same thing is done with the 
A B second loop. The mode of action of the opera- 
a tion depends upon the fact that the protruding 
portion of the conjunctiva, which is caught in 
the loop, is drawn downward and forward in 
the direction of the skin. This suture can also 
\) be employed in senile ectropion, although in 

this case it usually has no permanent effect. 
839. Paralytic and Senile Ectropion.— 
3} Paralytic ectropion indicates the performance 
of tarsorrhaphy. The latter is also frequently 


Frio. 437.—Seimy’s Survre ror Performed in senile ectropion, although in the 


EcTROPION. ‘ ee , see eed 
A ietere Weihenidg tie lone oe latter Kuhnt's operation gives much better 
after tightening the loop. results. This is nothing but a modification of 


the old method of Antyllus. It depends upon the fact that the lid when 
ectropionized is elongated, and that, when it has been made stiffer by 
being shortened, it becomes applied to the eyeball. The shortening is 
accomplished by cutting out a triangular piece, the base of which must 
lie at the border of the lid, since here the elongation is most considerable. 
In order that a coloboma of the lid may not be produced, the excision 
should not affect the entire thickness of the lid, but only its inner layers 
—namely, the conjunctiva and tarsus, (see Fig. 438). 

The operation as performed by Kuhnt is done by starting from the 
intermarginal line and dividing the lid at its middle portion into its two 
lamin, doing this over as great an extent as that by which we wish to 
shorten the lid margin (Fig. 438 from d to e). From the ends of the inter- 
marginal incision we carry two converging incisions backward through con- 
junctiva and tarsus (to f) and excise the triangular piece so delimited, and 
then unite the edges of the wound in the tarsus with a suture (Fig. 439, fe). 
Since no skin has been cut out, an excess of skin is left so as to form a beak- 
like projection, after the wound in the cartilage is united. Later on, this 
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projection smooths down almost completely. If we wish to avoid it, we 
may follow Miiller’s method and by means of the intermarginal section edb 
(Fig. 438) split the lid in its entire outer half into its two lamin, and then 
after exsecting the cartilage and sewing it up again, distribute the excess of 
skin over the entire half of the lid by applying the stitches obliquely (sewing 
“on the bias’’). Or following Dimmer’s proposal we may combine Kuhnt’s 
operation with that of Dieffenbach. The latter consists in excising a tri- 
angular piece of skin adjoining the outer commissure (Fig. 438, abe) and 
then by uniting the edges of the wound, producing traction on the lower 
lid,—an effect which renders this, too, an operation which is effective against 
ectropion. If we wish to combine Dieffenbach’s operation with that of 
Kuhnt we first split the lid by an incision in the intermarginal line edb (Fig. 
438) and then cut out the two triangles edf and abc. Next we displace the 
cutaneous lamina of the lid to the temporal side, sliding it on the lamina 
containing the mucous membrane until ef gets to lie against df and be against 
ac. Then these cut edges are united by stitches (Fig. 489, ef and ac). 


Fic. 438. Fic. 439. 


Yj 


CY 


Operation by the method of Kuhnt and Dieffen- The same after the edges of the wound have 
bach. Way of making the incision. been united. 


[This last operation, which gives excellent results, is also called the Kuhnt-Meller 
and Kuhnt-Szymanowski operation.—D.| 

{Slight cases of senile ectropion may be relieved by the moderate cicatricial 
contraction produced by a row of galvano-cautery punctures made in the tarsus 
4 mm. from the lid border and parallel with it, the punctures being 4 mm. apart (Zieg- 


ler).—D.] 

840. Cicatricial Ectropion. Blepharoplasty.—With respect to cicatri- 
cial ectropion, the least serious cases are those in which not much skin has 
been lost and the contraction of the lid is caused simply by a few cicatricial 
bands, especially if those draw the lid in against the bone and attach it to 
the latter—a condition which so frequently remains after caries of the mar- 
gin of the orbit. In such cases the cicatricial bands may either be divided 
subcutaneously or be cut out altogether, according to their situation, and 
the cutaneous wound be closed again by sutures. The effect of such an 
operation is made more thorough and also more lasting by a tarsorrhaphy 
performed at the same time. If, however, much of the skin of the lid has 
been lost, we will have no success with this simple operation, but must pro- 
ceed to the performance of blepharoplasty, the object of which is to replace 
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skin that has been lost. [Blepharoplasty is used not only in cases of cica- 
tricial ectropion, but also to cover large defects produced by operations, e. g., 
those for removal of tumors of the lids.] It may be done by the implanta- 
tion of pediculate or non-pediculate flaps. 

(a) Pediculate Flaps.—If we are going to implant a pediculate flap into 
the lid, the latter must be properly prepared. The cicatricial portion of the 
lid is first divided by an incision parallel to the free border of the lid, and 
then the more deeply situated cicatricial bands are also cut through until 
the lid is freely movable and can be brought into its normal position without 
any strain being put upon it. Those portions of the cicatricial skin which 
appear to have but little vitality are excised, in doing which, however, the 
free border of the lid, wherever it has been preserved, is spared as far as 
possible; then the lid is brought into the proper position and retained there 
by being united to the other lid. The union of the two lids should be made 
& permanent one for about the outer 
third of the palpebral fissure—i. e., 
should be combined with paring of the 
borders of the lids as in the method of 
tarsorrhaphy—but the inner two-thirds 
of the palpebral fissure are united simply 
by means of ‘a temporary suture. After 
the lid has been thus put in place, the 
incision which was made for the purpose 
of releasing it gapes widely so as to form 
quite a large raw surface, which must be 
covered with skin. We now proceed to 
the formation of the flap. For this 
0 Mere upper Purpose a great number of methods have 

lid; that of Dieffenbach on the lower. been proposed, according to the size and 
shape of the loss of substance. The methods most employed are those of 
Fricke and Dieffenbach. 

Fricke’s method is especially adapted for elongated losses of substance, 
whether upon the upper or the lower lid. To cover these losses of substance 
a tongue-shaped flap (L, Fig. 440) is fashioned, the base of which adjoins 
one end of the loss of substance (S). The flap is most commonly taken from 
the skin of the temple and the cheek, and in size and shape must be made 
to fit the loss of substance. In doing this it must be borne in mind that the 
flap shrinks not only immediately after it has been detached, but also sub- 
sequently. It must therefore be made about one-third larger in all its dimen- 
sions than the loss of substance. In order that its nourishment may be 
satisfactory, its base must be made broad enough, and, moreover, should 
noi be twisted too much in the act of transplanting the flap into the wound. 
For the same reason, the skin should not be dissected off clean, but the sub- 
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cutaneous fat, together with the vessels running in it, should be taken along 
with the flap. The flap thus dissected off is placed upon the loss of sub- 
stance, and is attached by sutures to its edges, which have previously been 
rendered movable by undermining. The raw surface which remains at the 
spot where the flap has been dissected off can usually be diminished con- 
siderably in size by means of sutures; the remaining surface is allowed to 
heal by granulation or it is covered with pieces of epidermis by Thiersch’s 
method. At the base of the flap a swelling is formed, due to twisting and 
larger in proportion to the amount of the twisting. This swelling flattens 
afterward so as to become less perceptible; should it cause disfigurement, 
it may be excised later. 

Dieffenbach’s method becomes applicable whenever the loss of substance 
either has the form of a triangle (the base of which looks toward the border 
of the lid), or can be readily brought into the triangular form (s, Fig. 440). 
It is better adapted to the lower than to the upper lid. The flap (J) is ordi- 
narily taken from the temporal side of the loss of substance—i. e., from the 
cheek. An incision is made toward the temporal side along the prolongation 
of the base of the triangle. It should be somewhat longer than the latter, 
in consideration of the shrmking which the flap will undergo. From the 
outer extremity of this section (a) a second incision is made downward par- 
allel to the outer side of the triangle. In this way a quadrangular flap is 
circumscribed, the base of which is situated below. This flap is now 
detached by dissection, and is turned slightly toward the nasal side so as 
finally to lie upon the loss of substance, to which it is then attached by su- 
tures. The loss of substance which remains at the spot from which the flap 
was taken is made as small as possible by means of sutures, and the remain- 
der of it is allowed to heal by granulation. 

[The Wharton-Jones operation is applicable to scars near the lower lid 
margin. A V-shaped incision with its apex downward is made so as to include 
thescar. The triangular piece of skin, thus delimited, which includes the 
scar tissue, is dissected up to near the lid margin, and the eyelid, being 
thus released is shoved up into its proper position, carrying the triangle of 
skin with it. Below this there is now a raw spot shaped like an arrowhead 
pointing downward. To cover this in, the skin on either side of the V is 
undermined, and then the lower portions of the V are stitched to each 
other, and the upper portions are stitched to the displaced triangle of 
skin. The arrow-shaped wound is thus converted into a Y-shaped scar 
(Wheeler).—D.| 

841. (b) Skin Grafting—The raw surface which is exposed after the 
ectropionized lid has been put into place may also be covered by portions 
of skin destitute of pedicles—an operation which is called skin-grafting. 
This was first introduced into surgery as a well-established procedure by 
Reverdin, although isolated experiments had been made with it before. 

61 
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Two different methods are distinguished, according to the thickness of the 
piece of skin that is grafted. In one method very thin pieces are taken 
which contain only the most superficial layers of the skin—namely, the 
epidermis, the rete Malpighii, and the apices of the papille (epidermic graft). 
In the other method portions of skin are used which include the entire 
thickness of the cutis, and which are transferred to the loss of substance 
either cut up into small pieces, or under the form of flaps of some size (der- 
mic graft). The skin may also be taken from other persons or from ampu- 
tated limbs with sound skin. [Dermic grafts are also called Le Fort and 
Wolfe grafts from Le Fort who first employed them and Wolfe who popu- 
larized their use in blepharoplasty—D.] A position midway between the 
epidermic and the dermic method of making grafts is occupied by Thiersch’s 
method, in which comparatively large-sized pieces of skin are taken, but 
which besides epithelium contain only the most superficial layers of the 
cutis. 

With the pieces of skin, which are trimmed to fit the freshly made raw 
surface, the latter is carefully covered over in such a way that they are 
everywhere in intimate contact with the subjacent parts, against which 
they are then kept applied by means of a light pressure bandage. 


The method of grafting has the advantage over the formation of skin flaps with a 
pedicle, that the face is not disfigured by any additional cicatrices. On the other hand, 
it affords less certainty of success, since the pieces of skin often become gangrenous. 
But even when they do become attached they afterward shrink very much, so that the 
success of the operation is diminished, or is even entirely nullified. This is especially 
true of bits of epithelium transplanted by Reverdin’s method, and.therefore this is not 
good for blepharoplasty; larger Thiersch grafts, and especially larger flaps taken from 
the whole thickness of the cutis shrink less, and are hence available for this purpose. In 
these methods too we must always take account of the subsequent contraction in that 
we start by making a flap much larger than the loss of substance. Hence also the ground 
for the transplantation must be prepared in such a way as to make the raw surface that 
is to be covered as large as possible. After a thorough-going dissection the shortened 
lid is drawn far over the other lid and attached in this position, so that the two cut 
edges are separated as far as possible from each other and the loss of substance is made 
correspondingly large. The flap for covering in this raw surface is taken from a part 
of the body which has a skin that is as thin and as free from hair as possible—usually 
from the inner surface of the upper arm. Here a piece of skin is marked out which is 
somewhat larger than the loss of substance, and this piece is dissected off in such a way 
that we get only the cutis without any subcutaneous fat. This is carefully fitted to 
the raw surface and without being attached by stitches is kept applied simply by a 
light pressure bandage. 


Grafting is especially adapted for those eases in which we are dealing with only 
small losses of substance and in which the operation is done mainly for cosmetic purposes. 
It is further indicated when the skin surrounding the lids for some reason—for instance, 
because of its cicatricial character—cannot be employed for the fashioning of pedicu- 
late flaps. 

Blepharoplasty is not difficult if the free border and the conjunctiva of the con- 
tracted lid still remain, as ordinarily happens when the lid has been destroyed by 
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ulceration or gangrene. The case is otherwise when the lid is completely absent, as, 
for instance, when it has had to be removed in its entire width on account of epithe- 
lioma. In such a case, of course, we can use only a flap with a pedicle, as there would 
be no substratum for the non-pediculate flaps. ‘But in this case a smooth lid border 
and an epithelial lining on the posterior surface of the flap are wanting even when the 
flap is pediculate. The posterior surface becomes constantly more and more contracted 
by cicatrization, and the flap is thus drawn up into a shapeless roll whose cicatricial 
free border scratches the cornea. Of the methods which have been devised for remedy- 
ing this defect the best is that of Biidinger who makes use of the cartilage of the ear. 
After the pediculate flap has been fashioned there is cut from the proximal portion 
of the auricle.a flap the size and form of which correspond to the free posterior surface 
of the lid-flap that has to be covered. This flap consists of the skin on the posterior 
surface of the auricle and of the portion of cartilage belonging to it. It is placed on the 
raw posterior surface of the new lid and is attached there by stitches. The cartilage 
of the ear replaces the tarsus, and its cutaneous lining replaces the conjunctiva. Since 
the skin on the anterior surface of the auricle has no defect in it, the auricle is not 
button-holed; the wound on the ear heals without being sewed up, leaving but a 
small scar which on account of its situation on the posterior surface of the ear is not 
conspicuous. 


VII. OPERATIONS FOR Prosis 


842. An operation is indicated both in congenital ptosis and in old 
cases of acquired ptosis which cannot be cured in any other way. A whole | 
series of methods of operating for ptosis has been proposed, a circumstance 
which proves that no one of them gives perfectly satisfactory results. This 
can be readily understood, since, in fact, the physiological action of a muscle 
cannot be perfectly replaced by any surgical operation whatever. 

The oldest method consisted in shortening the lid by excising a fold of 
skin, a procedure which Von Graefe combined with excision of the subjacent 
bundles of fibers of the orbicularis (the antagonist of the levator palpebre). 
This method has been abandoned, because a sufficiently great shortening 
of the lid always results in a considerable degree of lagophthalmus; and if 
only a little skin is excised the operation is unsuccessful. It is true that the 
new methods also are not free from the objection that they cause a certain 
degree of lagophthalmus, but, in comparison with the effect produced, this 
is slight and not injurious. These new methods start from the idea that the 


action of the levator can be replaced only by a muscular action. If there 


is a levator which, though weakened, can still contract, we attempt to 
increase its effect upon the lid; if the levator is entirely absent, we endeavor 
to invoke the aid of other muscles, like the frontalis or the superior rectus, 
for lifting the lid. [Good results, however, especially in congenital ptosis, 
mav be obtained by tarsectomy. This is done in the same way as in Kuhnt’s 
Petal tarsectomy for trachoma (page 950) except that the conjunctiva 
being in this case intimately adherent to the tarsus is not dissected from 
the latter, but is removed with it. If the ptosis is incomplete, a slice of the 
tarsus may be left at the upper end (Wheeler).—D.] 
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[In Gillet de Grandmont’s operation the tarsus is exposed by an incision made 
through the skin of the lids, paralle! to the free border of the latter and 3 or 4 mm. 
from it. Then two incisions are carried through tarsus and conjunctiva, one parallel 
with the free border of the lid and 2 or 3 mm. from it, the other arching up from the 
two ends of the first incision, so as to include a semilunar segment of tarsus and 
conjunctiva some 3 mm. high in its middle. This segment is removed and the gap in 
tarsus and skin closed by sutures.—D.] 

843. 1. An increase in the action of the levator is effected by shorten- 
ing the latter. This idea lies at the foundation of the operation for advance- 
ment of the levator proposed by Eversbusch. A cutaneous incision is made 
about midway between the border of the lid and the eyebrow, and passing 
in a horizontal direction from one end of the lid to the other. Starting from 
this incision, the skin and the fibers of the orbicularis are loosened from 
their attachments, so that they can be pushed to one side, and the upper 
border of the tarsus together with the levator can be exposed to view. A 
loop of thread is then passed through the tendon as high up as possible, the 
two ends of the loop being carried down between the tarsus and the skin of 
the lids and brought out in the intermarginal space. If these ends are tied 
there and drawn taut, the tendon of the levator is drawn down by means 
of the loop thus passed through it, so that the tendon is folded and thus 
shortened. Three such loops should be applied—one in the middle and one 
on either side. This method gives good results, which, however, are not 
always permanent, as the tendon which has been drawn down by the loops 
of thread subsequently retracts. Better and more permanent results are 
obtained if we perform the operation of shortening the tendon by excising 
a portion of it. The skin of the lid is incised along the convex border of the 
tarsus, and from this point dissected up as far as the eyebrow. The fascia 
tarso-orbitalis and, after this has been divided, the tendon of the levator 
now lie exposed to view. Of the tendon a portion is exsected whose length 
must be regulated by the degree of ptosis. Then the anterior extremity of 
the shortened muscle is sewed again to the convex border of the tarsus. 

2. If the levator is completely inactive, shortening of it would be with- 
out effect. We then endeavor to replace its action by that of the frontalis; 
starting from the fact that persons with ptosis strive to lift the lid by wrink- 
ling the forehead. ‘This is regularly done in bilateral ptosis, since otherwise 
the patient would not be able to see. But in unilateral ptosis where there 
is no such compulsion, wrinkling of the forehead commonly is absent and 
in that case, then the following methods are inapplicable. By the wrinkling 
of the forehead the eyebrows are lifted and thus indirectly the lid is lifted 
too. But the skin of the lid must be entirely smoothed out before the edge 
of the lid can be elevated at all, and hence the greatest part of the effect 
that the contraction of the frontalis is able to exert is lost. Hence, the idea 
arose of making the elevation of the lid greater by connecting it directly 
with the fibers of the frontalis. This may be effected by means of a subcu- 
taneous suture (Dransart, Pagenstecher). 
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One needle of a double-armed thread is entered above the free border of the lid 
and is carried up beneath the skin of the lid to the arch of the eyebrows, above which it 
1s brought out again. The second needle is passed alongside the first. There is thus a 
loop of thread lying within the lid, the middle of the loop being situated above the free 
border of the lid and its two ends emerging above the eyebrows. These ends are tied 
over a roll of adhesive plaster or iodoform gauze and drawn tight. Ordinarily three 
such loops are applied alongside of one another and they are left in situ until firm 
cicatricial bands are formed along the suture tracks—bands which extend from the 
lid to the surface of the frontalis muscle and connect these two structures together (give 
the muscle what may be called a tendon for the upper lid). 

Hess’s method depends upon the same principle. In o:der that the scar which is 
left shall not be visible the incision is made in the eyebrow which has previously been 
shaved; it occupies the middle of the latter and traverses its entire length. Starting 
from this incision, the skin of the lid is detached with the knife downward as far as the 
free border of the lid. Then, as with the sutures described above, three loops of thread 
are passed from the lid up to the forehead. The entry is made in the outer skin about 
in the middle of the topmost part of the lid in order that when the threads are drawn up 
a fold of skin may be formed which will imitate the covering fold. The point of exit is 
about 2 em. above the eyebrow. The loops of thread are drawn up until-the lid is ele- 
vated a good deal, since the effect of the operation afterward diminishes somewhat. 
Since in the period immediately succeeding the operation, the lid cannot cover the eye, 
the latter during this time must be protected from desiccation by a dressing with a 
moist chamber (page 687). Hess’s method is much more successful than simple sutures 
because the skin of the lid which has been made raw on its under side is displaced super- 
ficially on its bed which is also raw; and by the adhesion of these raw surfaces it is kept 
permanently in its new place. 

The operation of Panas tries to secure the connection between the lid 
and the frontalis muscle by the formation of a pedicle from the skin of the 
former, which pedicle is attached to P b 
the skin of the forehead and to the 
surface of the muscle. Fig. 441 shows 
how the pedicle is cut out of the skin 
of the lid. The pedicle, s, after being 
defined by incision, is dissected from 
its bed until it is freely movable; then 
a horizontal incision, a, is made 
through the skin directly above the 
eyebrow. Starting both from this in- I 
cision and from the wound already 
made below, the skin of the eyebrow 
is undermined so that a bridge of tissue 
is formed, beneath which the pedicle, 
s, is slipped so that its upper margin is in contact with the upper lip of the 
incision, a. Its attachment to the latter is effected by means of a loop of 
thread, the center of which lies on the cutaneous side of the pedicle, while 
its extremities, b b, are passed through the upper lip of the wound. By 
drawing the loop tight the pedicle is lifted wp and is attached to the upper 
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border of the wound. If necessary, a second loop may be applied, and also 
some interrupted sutures, to secure exact adaptation of the edges. [In the 
Tansley-Hunt modification of this operation the incision is so made that 
the base of the pedicle is close to the free border of the lid. On either side 
of the lower half of the pedicle, an elongated triangle of skin is exsected, 
each triangle having its base directed toward the pedicle. In order to secure 
better union, the epithelial surface of the pedicle is scraped before the latter 
is drawn up into the hole under the eyebrow (Wheeler).—D.] 

The operation produces a satisfactory effect but has the disadvantage 
of leaving scars which run perpendicular to the direction of the fibers of the 
orbicularis and hence are pretty conspicuous. 

845. 3. The superior rectus is also available for replacing the levator 
[provided the former itself is not defective nor paralyzed, as it may be in 
congenital ptosis—D.] Following Motais’s method, we first expose this 
muscle by [making a transverse incision 2 cm. long through the conjune- 
tiva over the insertion of the tendon, and dissect up the conjunctiva 
back to the fornix. We retract the upper flap by two sutures passed 
through its middle and 5 mm. apart. Between these sutures we divide 
the conjunctiva by a vertical incision, which is carried back to the fornix. 
We now evert the upper lid, grasp the upper border of the tarsus with 
fixation forceps, and carry the vertical incision in the conjunctiva on to 
the upper border of the tarsus. Next we retract the two sides of the 
split conjunctival flap by means of sutures passed through each close to 
the tarsus, and free the superior rectus from its attachments on either 
side. Then, starting from the end of the vertical incision in the con- 
junctiva, we make a transverse incision through the levator along the 
upper border of the tarsus, and working through this incision, detach 
the tissues from the anterior surface of the tarsus, so as to form a 
pocket extending down to the lower border of the lid. Lifting the 
superior rectus with a squint hook, we pass a double-armed thread 
through the tendon 3 mm. from its insertion, so as to form a loop on 
the scleral surface of the latter. On either side of this loop we split the 
muscle longitudinally by incisiors, 3 to 4 mm. apart, running forward to 
the insertion and backward 10 to 12 mm. The tongue thus fashioned 
we detach at its insertion, leaving the nasal and temporal portions of 
the tendon connected with the sclera, and then by means of the two 
threads projecting on the upper surface of the tongue, carry it forward 
into the pocket on the anterior surface of the tarsus. The threads are 
brought out just above the free border of the lid, and tied over a roll 
of gauze tight enough to produce a marked primary over-effect. The 
conjunctival wound, especially in the cul-de-sac, must be carefully closed 
(Bruns, Shine). Good operators regard this as one of the best procedures 
for ptosis.—D.] 
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CHAPTER IV 


OPERATIONS ON THE CORNEA AND REGION OF 
ANTERIOR CHAMBER 


I. ReMovaL or Forercn BopiEs 


846. ForeiGn bodies penetrating into the cornea should be removed 
as soon as possible. If they are superficially situated, it is an easy matter 
to pry them up with a suitable instrument. For this purpose we use a 
special needle, which is made broad at its upper end (Fig. 442). In default 
of such a foreign-body needle we also may make use of a sharp sewing needle 
which has been previously sterilized by heating in a flame. [When the 
foreign body is not deeply imbedded, it is better to use a blunt spud to 
pry it up with—D.] It is advantageous first to render the cornea 
insensitive by the repeated instillation of a 5-per-cent solution of cocaine 
{holocaine, or alypine]. In the case of fragments of iron, besides the 
foreign body the ring of brown-colored corneal tissue adjoining it should 
be scraped off [with a tiny curette or gouge]. 


[Fic. 442. a, foreign-body needle and spud. 6, Knapp’s flexible and blunt foreign-body hook.—D.] 


If the foreign body has penetrated into the deeper layers of the cornea, 
it is often necessary to incise the lamelle of the cornea that lie above this 
foreign body so as to be able to draw it out with the forceps. If the point of 
the foreign body projects into the anterior chamber there is the danger that, 
in attempting to grasp the foreign body, the latter may be pushed in still 
farther, and may injure with its pomt the capsule of the lens. In such a 
case, therefore, the indication sometimes is to make a preliminary opening 
in the cornea near its margin and to introduce an imstrument from this 
point into the anterior chamber. By this means we press the foreign body 
from behind forward, so that we can grasp it by its anterior extremity and 
extract it. 

Il. KeraTotomy AND KERATECTOMY 

847. Keratotomy.—Paracentesis, or puncture of vue cornea [keratot- 
omy], may be performed either with the lance knife (Fig. 444, a) or with 
Von Graefe’s linear knife (Fig. 452, a). 


; 31 e knife the latter is plunged in 
(a) In making paracentesis with the lance knife the I i = 
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close to the outer and lower margin of the cornea. Then the lance knife is 
pushed a little farther forward, so that the wound gets to be 2 or 3 mm. long, 
when the knife is withdrawn very slowly from the wound. Then, to make 
the aqueous flow off, we need only depress the peripheral edge of the wound 
(c, Fig. 408) gently with a Daviel’s scoop (Fig. 452, b). The escape of the 
aqueous should be gradual, and preferably intermittent. 

Paracentesis with the lance knife is made—1. In progressive ulcers of 
the cornea whose advance either along the surface or into the depth of the 
tissues cannot be arrested by medicinal treatment. In the case of corneal 
ulcers which threaten rupture we anticipate the occurrence of the latter by 
performing paracentesis. We thus avoid having the perforation take place 
too suddenly, and also avoid the occurrence of a prolapse of the iris. When 
the floor of the ulcer is greatly thinned and is bulging, we select this as the 
site of our puncture. 2. In ectasiz of the cornea of various kinds, and also 
in markedly bulging prolapses of the iris, or in the staphylomata that 
develop from the latter. In these cases paracentesis must be followed by 
the use of a pressure bandage [see pages 970, 971]. 3. In obstinate inflamma- 
tions of the cornea or uvea, and also in opacities of the vitreous, in order to 
exert a favorable effect upon the nutrition of the eyeball by altering the con- 
ditions of tissue metamorphosis. [4. In suppuration of operative wounds. 
Here repeated paracentesis (H. Knapp), combined with irrigation and the 
introduction of antiseptic solutions (De Schweinitz) may sometimes help.— 
D.] 5. In elevation of tension when this is likely to be transient, as, for 
example, in irido-cyclitis or in swelling of the lens. 6. In hypopyon, for 
removing it when it extends high up. 

Im all these cases it is not infrequently necessary to repeat the para- 
centesis one or more times. If only a few days have elapsed since the first 
paracentesis, & new incision is not required when the latter is repeated, but 
the wound, not being solidly united, may be pried open with a Daviel’s 
spoon (Tig. 452, b). 

Paracentesis with the Graefe linear knife is made according to the 
method proposed by Saemisch [really by Heuerman in 1765 and Guthrie 
in 1843] in ulcus serpens (see page 275). The Graefe knife, whose cutting 
edge is directed straight forward, is entered to the outside of the temporal 
border of the ulcer, in the healthy portion of the cornea; then it is pushed 
in the anterior chamber toward the nasal side until its point is brought out 
again through the cornea to the inside of the nasal margin of the ulcer. We 
then may be said to have the uleer lying upon the edge of the knife, which 
latter, therefore, has simply to be pushed farther to the front in order to 
split the ulcer from behind forward. The section should have both its ter- 
minal points lying in sound tissue, and, if possible, should be so made that 
the most intensely yellow, progressive portion of the ulcer is bisected by it. 
After the section has been completed the hypopyon is removed. The sec- 
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tion must be reopened daily (with a Weber’s knife (Fig. 412, 7) or with a 
Daviel’s scoop), until the ulcer begins to grow clean. 


In performing paracentesis for uleus serpens we must take care not to injure the 
lens and not to let the escape of aqueous take place too suddenly. ‘The hypopyon is 
either evacuated spontaneously, especially if the patient makes pressure with his lids, 
or it can be grasped by means of forceps introduced into the wound, and drawn out. 
For, in ulcus serpens, it is not thin and liquid, but of a tenacious, viscid consistence. 
In consequence of the diminution of pressure after the escape of the contents of the 
anterior chamber hemorrhages often take place from the iris, which, already hyper- 
zemic before the operation, now becomes still moré distended with blood. This dis- 
tention of the iris is probably the cause of the violent pain which regularly follows upon 
the discharge of the contents of the anterior chamber, although the incision itself is 
but little felt. After incising the ulcus serpens we always get an attachment of the iris 
to the cornea during healing, which, however, would not have failed to occur, even 
apart from the operation, in those cases in which incision is indicated at all. 


848. Keratotomy and Keratectomy in Staphyloma.—(a) Total Sta- 
phyloma.—The simplest procedure in total staphyloma is incision. This is 
done with the expectation that as a consequence of it the staphyloma will 
collapse, and, because of the retraction of the cicatricial tissue of which it 
consists, will remain permanently flat. Evidently this procedure is crowned 
with success only when the staphyloma is thin-walled enough to collapse 
after the incision has been made; it is, therefore, indicated only in those 
recent staphylomata which are still akin to prolapse of the iris. The incision, 
which is done with a cataract knife, is made in various ways: either in a 
straight line and transversely across the middle of the staphyloma (Kichler), 
or in a curved direction and concentrically with the lower corneal margin, 
so that a flap is formed of the wall of the staphyloma. The latter way of 
making the section has the advantage of causmg a marked gaping of the 
wound, since the flap contracts owing to the drawing up of the cicatricial 
tissue. Consequently, the lips of the wound are prevented from rapidly 
reuniting, in which case the ectasis would soon be reproduced and the inci- 
sion would have to be repeated. If the wound in the flap should not gape 
sufficiently, the flap must be retrenched by the removal of a part of it. 
After the completion of the section, the lens, in case it is still in the eye, 
must be removed by lacerating the anterior capsule. 

Simple ablation of the staphyloma by Beer’s method is performed by 
first separating the lower half of the staphyloma from its base by a curved 
incision made with the cataract knife. The flap thus formed is grasped with 
the forceps, and then the upper half of the staphyloma is cut off from its 
base by means of the scissors. The lens, which now presents, is removed 
by opening the capsule. The gap which has been substituted for the 
staphyloma by the operation may now be left to be closed by the unaided 
action of cicatrization. It is better, however, to close the gap by sutures 
passed through the upper and lower margins of the staphyloma, which 


970 TEXT-BOOK OF OPHTHALMOLOGY 
have been left for the purpose. These sutures on being drawn tight bring 
the lips of the wound together horizontally. 

A still more secure union is effected if we follow up the ablation with 
conjunctival suture (De Wecker), and it is in this way that the operation is 
usually performed at present. We begin the operation by dividing the con- 
junctiva all round the limbus and separating it for some little distance from 
the subjacent sclera, so that it can be drawn forward to the proper extent. 
Then we pass the threads through the free edge of the conjunctiva. We do 
this by running through the upper and lower edges a number of vertical 
threads, which subsequently are tied so as to form interrupted sutures. 
Before the sutures are drawn tight, we ablate the staphyloma as in Beer’s 
method, and expel the lens from the 
eye. Then we close the conjunctival 
wound by knotting the sutures. We 
may also apply the suture by passing 
a single thread in and out all round the 
margin of the detached conjunctiva, 
in such a way that the two ends of the 
thread come out close by each other, 
and, when they are knotted together, 
constrict the conjunctiva after the 
manner of a tobacco bag (tobacco- 


i Fic. 443,—Asescission or STAPHYLOMA. KNApPP'S 


Mersopo. (After Norris and Oliver.) 

Before abscising the staphyloma a stitch is 
entered 4 mm. above the vertical meridian of the 
cornea (at c), passed temporally through the con- 
junctiva and episcleral tissue, brought out so as to 
form the loop e, re-entered below at d,and brought 
out again beneath the vertical meridian of the 
cornea. A similar stitch is passed on the nasal 
side. The staphylomais then abscised by Beer's 
method and the two ends c and d of the first 


bag suture). After passing stitches 
through the conjunctiva. we turn the 
latter back and the stitches with it, 
and then carefully scrape off the lim- 
bus conjunctive as well as the epithe- 
lium at the margin of the staphyloma, 


stitch drawn taut until the loop e is converted 
into a straight line. The same thing is done with 
the inner stitch. . The gap made by the abscission 
is thus converted into a vertical slit. The sutures 
are then tied.—D.| 


since if we did not doso the conjunc- 
tiva, being stitched over an epithe- 
lial-clad surface would not adhere to 
it. Then we abscise the staphyloma by Beer’s method, in such a way that 
& narrow marginal portion is left above and below. Through these mar- 
ginal portions threads which are designed to close the gap in the eyeball 
are passed and drawn out into loops. Then before the stitches are approxi- 
mated we expel the Jens by opening the lens capsule. We apply the stitches 
beforehand, because after the lens is removed there is a risk that the vitreous 
will escape, and hence, we ought not to be losing time in applying sutures, 
but, on the contrary, should close the wound promptly by tying threads that 
have been already passed. Last of all, the stitches that have been passed 
through the conjunctiva are drawn together and tied [see also Fig. 443]. 

Ablation with the application of a suture is suitable for all cases of old 
staphylomata with thick walls, forwhich incision alone wouldnot be sufficient. 
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Those cases of staphyloma of the cornea in which a considerable ectasis 
of the sclera has developed as the result of an increase of tension are in gen- 
eral not adapted for ablation. We should then run the risk of getting a 
violent hemorrhage in consequence of the sudden diminution of the pre- 
viously increased tension. For such cases, in which the eyeball is increased 
sometimes to quite an enormous size, the only thing feasible is enucleation, 
which relieves the troublesome symptoms and at the same time also the 
disfigurement, inasmuch as an artificial eye can then be worn in place of 
the hideous, enlarged eyeball. 

849. (b) Partial Staphyloma.—tIn this, treatment seeks a threefold 
object: to improve the sight, to cause flattening of the ectasis, and to pre- 
vent the development of an increase of tension, or to do away with it in 


‘ease it has already set in. 


Simple incision, which must be followed up by the application of a 
pressure bandage for a pretty long time, accomplishes its end only in recent 
staphylomata, the walls of which are still soft. In older and thicker scars, 
excision, with or without the operation of uniting the edges of the wound 
by sutures [or of covering them with a conjunctival flap (conjunctivo-ker- 
atoplasty)|, is to be preferred. But the most approved remedy that we pos- 


sess against ectatic scars is tridectomy followed by the application of a pres- 


sure bandage (see page 980). [Iridectomy should be done before the pro- 
cess is far advanced, otherwise the result is apt to be unsatisfactory (A. 
Knapp). The same effect may be produced by Elliot's sclero-corneal trephin- 
ing, see page 984).—D.] In thick-walled and unyielding staphylomata, it 
is advisable to combine excision [and conjunctival transplantation] with 
iridectomy. We begin by doing the former, and put off the iridectomy to 
some weeks later, when a flat cicatrix forms—doing this to prevent renewed 
bulging of the recent cicatrix. A very small staphyloma we may remove 
completely by excising with a corneal trephine and implanting a piece of 
normal cornea in the gap (transplantation of cornea, see page 972). 

If we have to do with a partial staphyloma in which, owing to the 
increase in tension, the sight has been already either in great part or 
altogether annihilated, no gain in this regard can be expected; yet in most 
cases it will be best to perform iridectomy in order to prevent the further 
consequences of the increased tension, such as partial ectasis of the sclera, 
enlargement of the entire eyeball, etc. Of course, iridectomy can be per- 
formed in such cases only so long as the anterior chamber is still existent. 
When by increased tension the iris has been squeezed against the posterior 
surface of the cornea and cemented to it, iridectomy has become technically 
impossible [cf. page 325]. fg 

850. Operations for Keratoconus.—Operation 1s performed in kerato- 
conus in order to substitute a resistant cicatrix for the attenuated apex of 
the cone. For this purpose the latter is destroyed by excision or by cauteri- 
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zation. The former is done with the corneal trephine, the latter with the 
galvano-cautery and if necessary the operation must be repeated several 
times until sufficient flattening of the cone is produced by the contraction 
of the scar. [The best results seem to be obtained if the cauterization is 
preceded by a sclero-corneal trephining by Elliot’s method. By thismeans 
the tension which, though not too high for a normal eye, is too high for the 
attenuated and yielding cornea of a keratoconus, is reduced, and bulging 
of the sear is prevented. Some have also recommended crucial incision of 
the conical cornea.—D.] Since the corneal cicatrix thus obtained lies 
directly in front of the pupil, a displacement of the pupil to one side by 
means of an iridectomy is afterward usually required; also tattooing of the 
central] scar to diminish the dazzling. 


The operation for keratoconus does bring a flattening of the cornea, but the cury- 
ature of the latter is never quite regular, and, moreover, there is produced a central 
scar of the cornea with its optical disadvantages. We must therefore be contented if 
a moderate improvement of sight is secured by the operation. The operative treat- 
ment does not always give a lasting result, the cornea in many cases bulging again 
subsequently, although not as much as it did before. For these reasons we usually 
decide upon operation only in the more advanced stages of the disease. {All operations 
involve some risk, as glaucoma, irido-cyclitis, cataract, or possibly sympathetic inflam- 
mation may result from them.— D.} 

851. Keratoplasty.—Transplantation of the cornea (keratoplasty) may be used to 
partly replace diseased by healthy cornea. Hippel’s trephine, the small crown of which 
is set in rotation by clock work, serves for performing this operation. The operation was 
first devised with the view of making a transparent spot in the case of complete opacity 
of the cornea which left no portion open for iridectomy. A round piece is excised, 
with the trephine from the opaque cornea usually in its pupillary area. In the gap is 
placed a piece which is taken from a healthy cornea with the same trephine crown and 
which, therefore, exactly fits in the hole. It is most advantageous to take the piece 
designed for transplantation from a human cornea. Opportunity for getting this is 
afforded when an eye with a sound cornea has to be enucleated. The human cornea 
has the advantage over that of animals in that it has the same thickness as the dis- 
eased cornea and hence fits into it, and also because it becomes readily united. Union 
in fact almost always takes place, but in very few of the cases as yet observed has the 
piece thus incorporated remained transparent. In other cases it gets opaque in the 
weeks immediately following, and so much so generally that the purpose of the opera- 
tion—the restoration of sight—is not attained. Moreover, I have had no better results 
with trephining by Hippel’s method in which the most posterior layers of the cornea 
were allowed to remain at the site of the trephining. On the other hand, transplanta- 
tion satisfactorily accomplishes its object when the case is one of thin, protruding, 
or fistulous scars which it is desirable to remove entirely in order to prevent subse- 
quent harmful consequences. The operation in this case is done in the way described 
above, except that after cutting out the diseased portion we must start from the open- 
ing and free the iris as far as possible from its attachments to the cornea, in order to 
effect a thorough removal of the anterior synechia. The operation is possible only 
when the scar that is to be excised has not too great an extent, and it requires care and 
skill to avoid injuring the capsule of the lens. The transplanted portion becomes opaque 
in these cases also, but the object of the operation, which is to replace the thinned 
scar by firm tissue and to remove the anterior synechia, is not on this account frustrated. 
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Ill. Tarroomva ofr Cornea 


852. This is done to diminish the disfigurement produced by white 
sears on the cornea. It depends upon the observation that many bodies, 
as, for example, grains of powder, may become imbedded in the cornea and. 
remain there permanently. Tattooing consists in giving the white scar a 
black tint by means of india ink, which is introduced into the cicatricial 
tissue by being repeatedly pricked in with a needle. 

The tattooing needles used for this purpose consist either of a bundle of ordinary 
sharp-pointed needles (Taylor), or of a single broad needle which is channeled for the 
reception of the ink (grooved needle of De Wecker). [The ink is poured on the cornea 
and pricked in by repeated thrusts of the needle. Then the ink is washed off, the effect 
observed, and the process repeated until the effect is satisfactory.—D.] 

Tattooing should be applied only in the older scars, which are solid and flat. For 
in thin or ectatie scars, the latter may be weakened by the inflammatory reaction, 
which always follows tattooing, and thus an increase of the ectasis or even an elevation 
of tension nay be set up. Nor is tattooing a proper procedure for eyes that have passed 
through a severe attack of irido-cyclitis, since this disease might be lighted up again 
by the operation. ; 

In dense white sears Fréhlich’s method is advisable. By cutting a shallow furrow 
with Hippel’s corneal trephine we demarcate a circular area of the size of the pupil in the 
scar. Within this area either the epithelium alone or this and the most superficial lamellee 
of the cornea with it are removed, the parts thus exposed are covered with minute scari- 
fications, and then the india ink is rubbed into them. In the course of years the black 
color fades somewhat and requires to be renewed by a repetition of the operation. 

In cases in which only a part of the pupillary area of the cornea is opaque, and 
the rest is transparent, tattooing the opaque portion may actually improve the sight, 
since the cicatrix, being made less transparent, does not produce as much diffusion of 
light as before. 


IV. IrnmpEcToMy 

853. Technique.—Iridectomy by Beer’s method is performed as fol- 
lows: Entry is made with the lance knife in the vicinity of the margin of the 
cornea, and sometimes a little to the outside, sometimes a little to the mside 
of the latter, according as the point,at which it is desired to excise the iris 
is more or less close to its ciliary margin. The lance knife is then pushed 
forward until the wound is of the desired length (4 to 8 mm. according to 
the breadth of the portion of the iris that it is proposed to cut out) ; in doing 
this the lance knife must be so held that the section is concentric with the 
margin of the cornea. The withdrawal of the lance is performed slowly, 
and with the instrument pressed against the posterior surface of the cornea, 
so as not to injure the iris or lens, which push forward as the aqueous flows 
off. After completing the section, the iris forceps (Fig. 444, c, d, e) with its 
branches closed is introduced into the anterior chamber and pushed on up 
to the border of the pupil. At this point the branches are allowed to sepa- 
rate and a fold of the iris is grasped, gentle pressure being at the same time 
made upon the latter. The iris is now drawn from the wound, and at the 
moment when it is most upon the stretch it is cut off close to the wound 
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with the curved scissors or with the scissors forceps (pinces ciseaux of 
De Wecker) (Fig. 444, h). This ends the operation, and it only remains by 
introducing a spatula (Fig. 444, 7) mto the wound to put back into the 
anterior chamber any iris that may have been wedged into the wound, so 
that at the completion of the operation the pupil and the coloboma have 
their proper shape. 


The section in the tunics of the eye for an iridectomy may be made with the lance 
or with Graefe’s narrow knife. With the latter the tunics of the eye are divided from 
behind forward as is done in the cataract operation. The section made with the lance 
is smoother and passes much more obliquely through the tunics of the eye than does 
the section made with a narrow knife. It therefore closes better after the knife is with- 
drawn. Hence the lance is to be preferred in every case in which no special obstacles 
oppose its application. This latter is the case: 1. When the anterior chamber is shallow. 
Here we can not push the lance far without running the risk of pricking the iris and lens. 
In optical iridectomies, in which a short section is ordinarily sufficient, this is a matter 
of less importance, but in glaucoma, in which the anterior chamber is often so shallow, 
we would be able to make the section with the lance neither peripheral enough nor 
long enough. 2. When the anterior chamber is absent the section with a lance is 
absolutely impossible, while we can always push a Graefe knife for a sufficiently great 
distance between the cornea and iris. 3. When the patients are unruly or when the 
operator’s experience is small, the danger of wounding the lens with a Graefe knife is 
always less than with a lance and many operators employ Graefe’s knife to the absolute 
exclusion of anything else for iridectomy. Unfortunately, the use of the Graefe knife 
meets with a limitation in that we can cut with it only at the upper and lower borders 
of the cornea (because elsewhere the orbital margin gets in the way). Sections at the 
nasal or temporal borders of the cornea can be made only with the lance. If we ean not 
push the lance far enough along, because the anterior chamber is shallow, we enlarge 
the section by cutting laterally with the lance as we withdraw it. 

For grasping the iris a minute blunt hook [see Fig. 444, f] may be used instead 
of an iris forceps. With this the margin of the iris is caught up and drawn out. The 
hook is suitable for cases when (1) we wish to excise only a small bit of iris at the pupil- 
lary margin; (2) when the iris has no fixed support behind it in the lens (in dislocations 
or absence of the lens). Tor in the latter case when the arms of the forceps are pressed 
against the iris, in order to grasp it, the iris gives way, whereas it can be picked up 
with a hook. [See also remarks on extra-ocular iridotomy, page 9S82.] 

854, Accidents —The mishaps which may occur in the course of an iridectomy 
are: 1. Injury of the iris or lens with the lance, either through the clumsiness of the 
operator or through the restlessness of the patient. Injury done to the lens capsule 
entails a traumatic cataract, which not only produces a new obstacle to vision but also 
endangers the eye by giving rise to inflammation or increase of tension. 2. Iridodi- 
alysis. By this the excision of the iris is rendered difficult, great bleeding is set up, and 
often, too, a double pupil is produced (see page 440). 3. The last-named result may 
also occur from the fact that the sphincter pupillx at the site of the iridectomy is left 
behind, so that it separates the pupil from the coloboma like a bridge. This accident 
may occur because the iris is excised before it has been drawn far enough out of the 
wound, We shall not have to complain of this disagreeable occurrence if we observe 
the two following rules: The first is, not to grasp the iris with the forceps until we 
have pushed the instrument forward as far as the pupillary margin so as to get this latter 
between its branches. The second rule is, to cut off the iris only when it has been 
drawn out far enough for its black posterior surface to be visible (Fig. 406). If, never- 
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[Fia. 444.—InsTRUMENTS FOR IRIDECTOMY AND IRiIpOTOMY. 

Used in iridectomy (page 973), paracentesis 

(page 967), simple linear extraction of cataract (page 991). c,d, e, iris forceps for passing into the wound 
f, Tyrrel’s blunt iris-hook used when the lens is absent 


a, straight lance knife. 6, angular lance knife. 


made by the lance knife and grasping the iris. 
or dislocated. g, curved scissors for excising the iris. h, De Wecker’s scissors (pince ciseaux). 7, com- 
bined spatula and blunt-pointed probe. Other instruments required are a spring speculum orDesmarre’s 
retractor, to keep the lids apart, and a fixation forceps io hold the eyeball (see Fig. 400).—D.] 
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theless, the sphincter should remain behind, we enter the anterior chamber again with 
a blunt hook and draw up the bridge of sphincter in order to cut it off. There may, 
however, be another reason why the sphincter remains in situ, namely that it is so 
firmly adherent to the lens capsule that it tears away from the iris rather than follows the 
latter as it is withdrawn. In this case we refrain from any further attempt to remove 
the sphincter, as otherwise we might easily injure the capsule of the lens. 4. When 
we operate in a case of total posterior synechia it often happens that the retinal pig- 
ment of the iris within the area of the coloboma remains upon the lens capsule, with 
which it is intimately united by exudation. In that case, imrmediately after the iri- 
dectomy is completed, we may suppose that we have made a fine black coloboma, 
and it is only upon lateral illumination that we become convinced that the coloboma 
is not black, but dark brown—i. e., is filled with pigment. The optical result of the 
operation is then nil. It happens not less frequently in total posterior synechia that it is 
absolutely impossible to bring the iris out of the wound for the purpose of cutting it off. 
The iris, on the one hand, is so rotten, and, on the other hand, is so firmly attached to 
the lens, that the forceps, instead of drawing the iris out, only tears small fragments 
out of it. Both in this case and in the one in which the pigment layer remains behind, 
there is nothing left to do but to remove the lens also, by an extraction, even when the 
lens is still transparent. 5. Prolapse of the vitreous is particularly apt to occur in 
iridectomy when the zonula is diseased, as, forexample, in subluxation of the lens orin 
hydrophthalmus, and also when we operate on very small children, in whom the zonula 
is as yet very frail. [6. Hemorrhage into the anterior chamber (see page 923).—D.] 


855. Optical Iridectomy.—The indications for iridectomy are: 

1. The presence of optical obstructions. These consist in opacities of 
the refractive media, occupying the area of the pupil. Among these belong: 
(a) Opacities of the cornea; (b) a membrane in the pupil (occlusio pupille) ; 
(c) opacities of the lens, such as lamellar cataract, nuclear cataract, or an 
anterior polar cataract of particularly large diameter. Furthermore in 
cases in which the pupil is considerably displaced toward the periphery as 
the result of an incarceration of the iris, iridectomy is done to bring the 
pupil behind the center of the cornea; and it is also done in subluxation of 
the lens when the attempt is made to shift the pupil to a place in front of 
the part that contains no lens. 

For any good to be gained from the performance of an iridectomy for 
optical purposes, the following conditions must be present: 

(a) The opacity must be so dense that it prevents the formation of 
distinct images upon the retina, and does not simply interfere with vision 
by giving rise to dazzling. In the latter event the dazzling would actually 
be increased by the iridectomy. A mistake that we frequently meet with 
is that of making an iridectomy when there are comparatively slight opaci- 
ties of the cornea; by such an operation the sight is made worse instead of 
better. To avoid this mistake we first make an accurate determination of 
the visual acuity, then dilate the pupil with atropine, and once more test 
the sight. If the latter then proves to be considerably better than before 
the pupil was dilated, iridectomy is indicated; otherwise not (see also 
page 979). 
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(b) The opacity must be stationary. In the case of opacities of the 
cornea the inflammatory process must have completely run its course; in 
opacities of the lens it must be stationary forms of cataract that are in 
question. Otherwise we run the risk of having the very spot become 
opaque which we have selected for making the artificial pupil in. 

(c) The parts concerned with the perception of lLight—the retina and optic 
“nerve—must be capable of performing their functions. This fact is deter- 
mined by testing the vision and the field of vision, especially with the candle 
flame (see pages 115 and 845). Upon the degree to which the perception of 
light is retamed will depend the question whether an iridectomy for optical 
purposes is undertaken at all or not. These requirements regarding the 
perception of light hold good, moreover, not only for iridectomy, but also 
for all operations undertaken for the restoration of sight, and particularly 
for the operation of cataract. 

The following conditions must be regarded as contraindications to 
iridectomy for optical purposes: 1. Deficiency or total absence of light 
perception. 2. Strabismus of long standing in the eye which is affected 
with the opacity. In this case, even if the operation was technically a per- 
fect success, not much gain in sight would be got, owing to the amblyopia 
ex anopsia which exists in such eyes. The result of the operation is doubtful 
and it is often technically impossible to perform in —8. Flattening of the 
cornea. For, where applanatio cornee has developed, it is always a sign 
that there has been in conjunction with the keratitis an irido-cyclitis, which 
has left thick membranous exudates behind the iris. Hence, even if we 
actually succeed in excising the iris, a free aperture is not produced, and we 
are confronted by a hull of exudation. 4. Incarceration of the entire pupil- 
lary margin in a corneal scar with consecutive forcing of the iris against 
the posterior surface of the cornea. When this condition has lasted for 
quite a long time it is impossible to excise the iris, because the latter m con- 
sequence of atrophy is too friable, and because it is too firmly agglutinated 
to the cornea (page 325). 

The success of an optical iridectomy as far as the amount of vision is concerned, 
very often falls short of the expectations which both physician and patient have enter- 
tained in regard to it. This is especially the case with iridectomy in scars of the cornea. 
In this case there are various reasons for the vision’s being often so defective, even 
when the operation itself has been a complete success. The chief one is that normally a 
considerable degree of astigmatism is present in the peripheral part of the cornea which 
has been used for the iridectomy. This astigmatism is increased partly by the effect 
of the adjoining scar, partly by the operation itself. To this is added the astigmatic 
refraction of those rays which in the peripheral portion of the coloboma pass through 
the margin of the lens. This astigmatism, which is for the most part irregular, has a 
greater effect than usual, inasmuch as the new pupil is large and is almost or quite 
immovable, and hence cannot lessen the size of the diffusion circles (see page 850). 
Moreover, the cornea over the coloboma is often less transparent than was supposed 
before the iridectomy, for slight epacities are scarcely visible when a light- colored iris 
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is behind them, while they at once become obvious when after iridectomy a black 
coloboma forms the background. Still greater is the disappointment in store for the 
operator when after a successful iridectomy he finds the coloboma white instead of 
black, because the lens has become opaque. 

The optical result of an iridectomy made on account of a corneal scar may often 
be improved if we make the scar opaque by tattooing it (see page 972). 

It is obvious that the degree of sight that is regained depends also upon the con- 
dition of the percipient. parts—a condition which should be ascertained before the 
operation by testing the perception of light. Special stress must be laid on the tests 
of the[vision and] visual field (see pages 115 and 845). 

How must a man adjust his eye in order to see with an eccentrically situated pupil? 
Let us ‘assume that the eye is affected with a central scar of the cornea (n, Fig. 445), 
so that it can see only with the assistance of a coloboma which has been made upward. 
Must this eye, in order to fix an object, 0, be turned downward so that the coloboma 
may lie opposite the object? By no means. The refraction of the rays in such an eye 
takes place in precisely the same way as in a sound one. The only difference is, that 
the portions of the beam emanating from o which enter the eye are not those situated 
in the center, but those situated above and corresponding to the coloboma. These 
latter throw the image upon the fovea, f, provided the object lies in the line of vision. 
An object, 01, which is situated opposite the coloboma would form its image at b, below 
the fovea, and would therefore not be seen by central vision. Hence an eye with an 
eccentrically placed pupil performs fixation in the same way as does a normal eye. 
It is not superfluous to lay particular stress upon this point, inasmuch as many erro- 
neous ideas prevail with respect to it. In a very learned treatise on retinitis pigmen- 
tosa, one can read how in this disease an iridectomy does no good if central opacities 
of the lens are present, because in that case the images of objects would fall upon the 
peripheral portions of the retina which are insensitive! As a matter of fact, this would 
be so only if the objects themselves were situated in the periphery of the visual field 
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The considerations just adduced also furnish an answer to the question whether 
a man would see double who has colobomata in both eyes which extend in different 
directions—e. g., upward in the right eye and inward in the left. In this case there 
will be binocular single vision, since the object of fixation forms its image at the same 
spot in both eyes—namely, the fovea—no matter where the coloboma is situated. 

856. Site of Coloboma in Optical Iridectomy.—A coloboma which is 
mace for optical purposes must be so fashioned as to cause as little disturb- 
ance from dazzling as possible. This result is secured when the coloboma 
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is narrow and does not reach to the margin of the cornea (0, Fig. 446). An 
excision extending up to the root of the iris would expose the margin of the 
lens and also the interspace between it and the ciliary processes, and thus 
admit a great quantity of irregularly refracted rays into the eye. In order 
to make the coloboma narrow and not too peripheral, the incision must be 
sbort, and lie at, or even inside of, the limbus. Those cases constitute an 
exception to this rule, in which only the most exterior marginal portion of 
the cornea has remained transparent, so that the iridectomy must, for 
obvious reasons. be quite peripheral. 

That spot is chosen as the site of the coloboma at which the media are 
the most transparent. Wherever possible, we avoid making the coloboma 
above, as in that case it would be partly covered by the lid. If the media 
are everywhere equally transparent (as when there is a cicatrix situated 
exactly in the center of the cornea, a pupillary membrane, or a perinuclear 
cataract), the iridectomy is performed downward and inward (Fig. 446), 
because in most eyes the visual axis cuts the cornea a little to the inner side 
of the apex (pag? 766). 


Fie. 446. 


Fie. 446.—Oprticat Irrpectomy. Magnified 2 X 1. ’ ses 
Fic. 447.—Irtrpecromy IN Increase or Tension. Magnified 2 X 1—a a, external; 7 i, 


internal wound. See description under Fig, 402. 


[Where to place the iridectomy can be determined by the pear-shaped 
stop. This is a disk resembling in appearance Fig. 446, in that it hasin its 
center a circular aperture 4 mm. in diameter, with an off-set notch 4mm. 
long and 2.5 mm. wide. The pupil is dilated with homatropine, and the disk is 
setas close to theeyeas possible and with its central hole concentric with the 
pupil. The disk is then turned until the patient sees best, when the posi- 
tion of the off-set notch will indicate the proper site for the iridectomy.—D.] 

857. Other Indications for Iridectomy.—2. Increase of tension Iri- 
dectomy is hence indicated in primary glaucoma, and also in secondary glau- 
coma resulting from ectasie of the cornea or sclera, from seclusio pupille, 
from irido-chorioiditis, ete. In hemorrhagic glaucoma iridectomy is often 
a failure. In general, the success of the operation is better the earlier it is 
performed Nevertheless. an operation is sometimes done in cases of 
increased tension even when the perception of light has been already abol- 
ished, in which case there can be no idea of restoring sight. Then it is simp! y 
a case of relieving pain or of avoiding further degeneration (and especially 


further ectasis) of the eyebail. 
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When iridectomy is made for increase of tension, the section must be 
situated pretty far back in the sclera and must be long. The coloboma 
need not be very broad, but ought to reach to the ciliary margin of the iris 
(Fig. 447). If there are not at the same time any optical conditions, to 
which regard must be paid in making the iridectomy, the latter must be 
directed upward so that the coloboma may be partially covered by the upper 
lid, and thus the confusion due to dazzling may be lessened. 

[As a preliminary to iridectomy in glaucoma it is important to reduce the tension 
as much as possible by miotics, cathartics, and sedatives In this way it may be pos- 
sible to avert too sudden a reduction of tension with consequent post-operative hemor- 
rhage. In cases where there is considerable danger of the latter, it is advisable to pre- 
cede the iridectomy with a posterior sclerotomy (see page 1005).—D.] 

The effectiveness of iridectomy in glaucoma is regarded as consisting 
in the fact that the scleral scar. acting as a substitute for the impermeable 
ligamentum pectinatum, enables the aqueous to filter out (filtration scar, 
page 512). Increasing condensation of the iridectomy scar is, therefore, 
thought to be the cause of the subsequent recurrences of increase of tension. 
If this view is correct. the cystoid scars, in which the cedema of the con- 
junctiva over the scar leaves no doubt as to the oozing of the liquid through 
it, must be regarded as being the most advantageous. In order to make a 
eystoid scar designedly Lagrange [and Elliot] have devised a special way of 
making the section so as to cut out a portion of the sclera and form a thin 
cicatrix. In other words, the operation is an iridectomy combined with a 
sclerectomy. For description see under Sclerectomy, page 984.—D.] 

3. Ectatic cicatrices of the cornea (partial staphylomata), in order to 
cause their flattening This is the more likely to succeed, the more recent 
and the thinneér-walled the staphyloma is—that is, the closer akin it is to a 
prolapse of the iris In thick-walled and unyielding staphylomata it is best 
to combine iridectomy with excision [and conjunctival transplantation] (see 
page 971) The iridectomy should be performed in such a way that the in- 
cision lies in the sclera and a broad coloboma is produced, reaching to the 
margin of the iris We try to find for our iridectomy that spot which repre- 
sents the greatest improvement that can be made in the vision, the pupil 
being shifted to a point behind the most transparent part of the cornea, 
Furthermore, by means ofthe iridectomy, an increase of tension is prevented 
from developing, or, if it has already developed, it is done away with. More- 
over, in cases of staphylomata with thin walls, a flattening of the ectasis is 
obtained by the iridectomy, if the eye is kept beneath a pressure bandage 
for a long time after the operation. 

4. Recurrent vritis, i which case the iridectomy is designed to prevent 
the recurrences—an object, however, which is not always attaimed. The 
operation is to be done during an interval in which there is no inflammation. 

5. Fistula of the cornea. Iridectomy here serves the purpose of securing 
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the formation of a firm cicatrix. We must wait to perform the operation 
until at least some trace of the anterior chamber has been restored, as 
otherwise the operation is impracticable on technical grounds. 

6. Foreign bodies imbedded in the iris, which sometimes can be removed 
only by excising the portions of the iris in which they occur. The like is 
true of cysts and small tumors of the iris. 

7. As a preliminary to the operation for cataract, iridectomy is done 
mainly when we are dealing with complicated cataracts (e. g., those com- 
plicated with posterior synechiz, increase of tensicu, ete.). 

If iridectomy is made as a preliminary to a cataract extraction the 
excision of the iris must be made upward, so that the coloboma may also 
be utilized for the extraction of the cataract, which as a general thing is 
made upward, 


VY. Irtpotomy 


858. Iridotomy consists in simply dividing the iris without excising a 
piece of it, and in this respect differs from iridectomy. It serves the pur- 
pose of making a new aperture in the iris when the pupil is closed and of 
thus producing a new pupil. As the incision in the iris would also affect 
the lens which lies behind it and would thus produce traumatic cataract, 
this operation is adapted only to those cases in which no lens is present. 
In most cases the operation has to do with eyes which have been operated 
upon for cataract but which have lost their sight again through a subsequent 
irido-cyclitis. In these cases the iris is united with the exudation membrane 
and with the secondary cataract to form a firm diaphragm, which separates 
the cavity of the chambers and the cavity of the vitreous. To restore sight 
the diaphragm must be perforated. This can be accomplished by a simple 
incision, if this is so directed as to divide the diaphragm along a line per- 
pendicular to that of greatest tension; then the incision gapes from retrac- 
tion of the edges of the wound and leaves a slit-like pupil (cat’s-eye pupil). 

The operation may be performed with— 

(a) The Graefe knife-—This is plunged through cornea and diaphragm, 
and the latter is divided in a direction perpendicular to that of greatest 
tension. This method is applicable only when the diaphragm is not too 
thick. Were this the case, the diaphragm would offer great resistance to 
the knife, and in the endeavor to divide it the ciliary body would be pulled 
upon, and this might start a new attack of irido-cyclitis. 

- (b) The in forceps (pinces ciseaux) by De Wecker's method. With 
the lance knife an incision is made along the corneal margin, and through 
this the scissors forceps is introduced closed into the chamber. Here the 
instrument is opened, and its posterior sharp blade is plunged through the 
diaphragm while the anterior blade remains in the anterior chamber; then, 


982 | TEXT-BOOK OF OPHTHALMOLOGY 


by closing the scissors forceps, the diaphragm is divided perpendicularly to 
the direction of greatest tension. This is a severer operation than the 
former, and js also usually associated with loss of vitreous. On the other 
hand, it does not cause any dragging, as in it the diaphragm is divided just 
as a sheet of paper is cut in two by scissors. 

[(c) Ziegler’s knife-needle (Fig. 450 f).—This is entered at the upper 
sclero-corneal junction, with the blade turned on the flat. The point is 
carried down toward the bottom of the anterior chamber and then swung 3 
mm. to the left. Next the edge of the knife is turned downward, the point is 
plunged into the iris, and the blade gradually drawn back so as to make an 
oblique cut in the iris from below upward. The blade is then swung over 
to the other side of the chamber and a similar cut made from below upward 
mecting the first cut at its apex. A triangular tongue of iris is thus marked 
out, which falls down, leaving a triangular pupil.—D.| 

Iridotomy sometimes fails owing to the too great firmness of the dia- 
phragm, which may actually be ossified; but even an excellent immediate 
result may be nullified because the old irido-cyclitis is lighted up again by 
the operation, and the pupil made by it is closed again by renewed exuda- 
tion. Hence we put off the performance of iridotomy as long as possible 
until all inflammatory symptoms have disappeared, unless we are compelled 
to operate speedily by special circumstances, such as protrusion of the iris, 
increase of tension, or beginning atrophy of the eyeball. 


In order to be able to perform an iridotomy without danger to the lens, in case 
this is present, we may do an eztra-ocular [or precorneal| iridotomy. We make a punc- 
ture in the limbus with the lance knife, as for an iridectomy, draw out the iris [prefer- 
ably with a blunt hook], incise it in a radial direction (from the pupillary to the ciliary 
border), and then return it to the anterior chamber. In this way a V-shaped gap is 
made in the iris, and accordingly we use this method of operating in place of an optical 
iridectomy, when we wish to get a very narrow coloboma. 

Another case in which it is possible to perform irideetomy when the lens is present, 
without injuring the latter, is found in hump-like protrusion of the iris such as results 
from seclusio pupille; for here a considerable interspace 
terior chamber—separates the iris from the lens. Iridotomy in this case may be done by 
transfixion of the iris (Fig. 174). A Graefe knife is entered about 1 mm. to the inner side 
of the temporal margin of the cornea, passed through the anterior chamber, and made 
to emerge at a spot near the inner margin of the cornea and symmetrically situated 
with respect to the point of entry. The points of entry and exit lie in the horizontal 
meridian of the cornea, and the knife is held so that its blade is parallel to the base 
of the cornea. Since the iris is driven forward, the knife as it is being carried through 
the anterior chamber pierces the most protruding portion of the iris both temporally 
and nasally and makes holes in it. These holes remain permanently open and restore 
the communication between the anterior and posterior chambers; the iris returns 
to its former position, and the intra-ocular pressure becomes normal. In eases of hump- 
shaped protrusion of the iris, this operation may consequently be made instead of an 
iridectomy; and in cases of this sort it may be done as a preliminary operation to an 
iridectomy, so that the latter can be done later under more favorable conditions. 


namely, the enlarged pos- . 
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VI. Irtortasis 


859. [This old operation has been recently revived by Borthen and 
used with apparent success in glaucoma. 

Atropine is instilled half an hour before the operation. A transverse 
cut, 6-8 mm. long is made through the conjunctiva at a point 10 mm. above 
the cornea. The conjunctiva is undermined down to the corneal margin 
and the flap reflected. A keratome is entered in the sclera just above the 
cornea making a wound 4 to 5 mm. broad. (It is essential that this should _ 
not be too broad, or the iris will not stay in places.) The iris forceps is 
introduced and the iris is grasped by its free edge and pulled into the 
wound with its under surface up. The conjunctival flap is then replaced 
so as to cover in the scleral wound containing the iris (Harrower).—D.] 


VII. ANTERIOR SCLEROTOMY AND SCLERECTOMY 


860. Anterior Sclerotomy.—Paracentesis of the sclera (sclerotomy) done 
so as to enter the anterior chamber is an operation performed for glaucoma. 


Sclerotomia anterior by De Wecker’s method (Fig. 448) is made as follows: The 
Graefe knife is entered 1 mm. outside of the temporal margin of the cornea, and brought 
out at an equal distance to the inside of the nasal margin. The points of entrance and 
emergence are therefore symmetrically situated, and are se- 
lected as though the intention was to form a flap 2 mm. high 
out of the upper part of the cornea. And, in fact, after the 
counter-puncture has been made, the incision is carried upward 
by sawing cuts just as if this flap was to be separated, but the 
knife is withdrawn before the section is completed. Thus, at 
the upper margin of the cornea there remains a bridge of sclera, 
which connects the flap with the parts below and prevents the | 
gaping of the wound. Hence by this operation two sections at Cs read oy is 
once are made in the scleral margin separated by a narrow 
bridge (s and s;). Sclerotomy may be made downward as well as upward. [In Her- 
bert’s small-flap sclerotomy an opening is made into the anterior chamber through a 
{ |-shaped incision in the sclera close to the cornea.—D.] 

Sclerotomy, on account of the peripheral position of the wound, is very likely 
to cause prolapse of the iris. We should therefore try to produce a marked miosis 
by eserine before the operation; the spasmodically contracted sphincter then keeps the 
iris in the anterior chamber. If in spite of this the iris becomes wedged in the wound, 
and cannot be satisfactorily replaced it must be drawn out and cut off. The danger of 
a prolapse of the iris is not present if there is already a coloboma of the iris and the 
sclerotomy incision is placed near the site of the colobboma—the sclerotomy being made 
because of the recurrence of a glaucoma for which an iridectomy has already been 
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performed. 
Sclerotomy is performed in glaucoma, but its results are not as certain, and, more 


particularly, not as lasting as those of iridectomy. Sclerotomy, accordingly, 1s per- 
formed only in excepticnal cases [and even in these is now largely replaced by trephin- 
ing (page 984)—D.] 

861. Anterior Sclerectomy.—Sclerectomy denotes the excision of a bit 


of thickness of the sclera. 
(a) Lagrange’s operation.—In this the incision is made with a Graefe 
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knife [in such a way as to divide the sclera in the irido-corneal angle. 
Puncture and counter-puncture are placed 1 mm. from the limbus.} The 
operator, as he cuts, holds the knife flat, so as to pass very obliquely 
through the sclera, and come out beneath the conjunctiya several millime- 
tres back of the limbus. He then divides the conjunctiva so as to form a 
fiap. Aiter the conjunctival flap has been laid back upon the cornea, the 
tongue which the knife has fashioned from the sclera becomes visible. By 
grasping this tongue with the forceps and dividing it with the scissors, a 
defect is made in the sclera which reaches to its deepest layers. [In other 
words, the sclera is deeply beveled. After this sclerectomy has been done, 
iridectomy is performed in the usual way, and the conjunctival flap is 
brought up and laid over the defect in the sclera.—D.| The direct results 
of this method of operation are in my experience good. Whether it can per- 
manently forestall recurrences of glaucoma, more prolonged observations 
will have to show. [These so far have confirmed this good opmion.—D.| 
862. Sclerostomy.—|{In some forms of sclerectomy a permanent hole 
is made in the sclera. The chief varieties of this sclerostomy (Elliot) are}: 
(b) Elliot’s sclerectomy or trephining of the sclera. This is performed 
in the following way. The conjunctiva is divided with the scissors 5 mm. 
above the cornea and in a direction concentric with the latter, and the two 
ends of the incision are prolonged downward as far as the margin of the 
cornea, so that a conjunctival flap is formed, the base of which lies at the 
upper limbus. This flap is dissected off as far as the limbus, and the dissee- 
tion is carried even somewhat beyond the latter by undermining the limbus 
and the superficial layers of the cornea with the keratome, so that the real 
junction of the cornea and sclera is exposed. To cut the sclera the trephine 
devised by Elliot is used. This is a steel tube, whose inferior sharp edge 
has a diameter of 1.5 -2 mm. This is set on the eye in such a way that the 
opening of the tube lies half on the cornea, half on the sclera. By revolving 
the trephine between the fingers we make it gradually enter the sclera. 
When it penetrates the latter we appreciate the fact by the cessation of 
resistance. After the instrument has been withdrawn the little disk of sclera 
that has been excised falls out, or, if it is still adherent at one spot, it is 
snipped off with the scissors and with it the iris which protrudes through 
the trephine opening. We thus get a narrow coloboma often not reaching 
to the pupillary margin. Then the conjunctival flap is put back in its 
former place where it soon becomes adherent without being attached by 
sutures. In its technique Elliot’s trephining is easier than simple iridectomy 
and Lagrange’s operation and has the advantage that in doing it we are not 
as a rule compelled to enter the anterior chamber with an instrument. Its 
fistulizing effect is perhaps more permanent than that of an ordinary 
iridectomy, but it shares with the operation of Lagrange the disadvantage 
that it gives rise much oftener than iridectomy to late infection [see page 
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512]. For this reason in all ordinary cases of glaucoma I have returned . 


to the old operation of iridectomy. 


[Opinions are divided as to the frequency of late infection after this operation. 
That it is a real danger there seems no doubt, the result when it occurs being sometimes 
panophthalmitis, sometimes irido-cyclitis with destruction of sight, and sometimes a 
mild iritis with inflammation about the aperture, going on to recovery (Butler). Hence, 
in America, too, there has been a tendency to return to iridectomy. 

Trephining finds its most extensive application in glaucoma, especially in the chronic 


congestive and the non-congestive forms, and particularly in cases in which the visual 


field is contracted nearly to the fixation point, since in these iridectomy sometimes 
causes further contraction with consequent loss of central vision (page 511), while with 
trephining this is less likely to occur, but has also been used with success either alone 
or combined with other measures (cauterization, excision of cornea, paracentesis of 
sclera) in keratoconus, staphyloma of the cornea, and detachment of the retina (see 
pages 595, 971, and 972).—D.] 

[(c) Holth’s punch operation.—In this a conjunctival flap is cut and reflected as in 
the Elliot operation, and the cornea is split as in the latter but only so far as to enable 
the opening in the sclera to be made up to the corneal edge. A special bent keratome or 
broad needle is introduced at a point 1.5 mm. above the cornea and carried into the 
anterior chamber. Into this cut a delicate punch is introduced which cuts out a D-shaped 
segment of the sclera. Over the hole thus left the conjunctival flap is replaced and 
sutured. By some (Butler, Koller) this operation is preferred to trephining, because 
with it no pressure is exerted on the glaucomatous eye. Otherwise it would seem to 
have the same advantages and disadvantages as the Elhot operation.— D.] 

[(d) Seton Drainage.—This operation, originally performed by Zorab and revived 
by Wood, is designed mainly for employment in cases of absolute glaucoma. It con- 
sists in passing a silk thread into the anterior chamber through a scleral or sclero-cor- 
neal opening and imbedding the outer end of the thread under the conjunctiva. Prince 
inserts in a trephine opening a ring of very fine gold wire to act as a permanent drain. 
—D.] 

863, Operations for Opening Chamber Angle.—(Artificial drainage of the anterior 
chamber, undertaken in order to relieve glaucoma, may be effected not only exteriorly, 
as in selerectomy, but also directly into Schlemm’s canal or into the perichorioidal space. 
Of the methods of effecting this,| two may be mentioned. One is the operation of 
cutting into the angle of the anterior chamber from the anterior chamber itself (by De Vin- 
centiis’ method). By this means the path for the escape of the aqueous into Schlemm’s 
canal is opened again. The operation is made with a special, small, sharp-pointed 
knife, plunged in at the corneal margin and carried through the anterior chamber so as to 
searify the opposite portion of the sinus of the chamber, This operation is technically 
feasible only when the anterior chamber is sufficiently deep. Hence, it does not come in 
for consideration in most cases of inflammatory glaucoma. In appropriate cases, with 
deep enough anterior chamber, I have sometimes tried it, when an iridectomy has been 
without re ult, and have then several times seen a good effect from it. In ‘Heine’s 
cyclodialysis the operator, by a short incision situated 5 mm. from the corneal margin, 
divides the sclera, proceeding carefully from without inward down to but without 
injuring the chorioid; then carries a spatula forward between chorioid and sclera until 
its tip appears in the anterior chamber. Thus the ciliary body is detached from the sclera 
and a communication effected between the anterior chamber and the perichorioidal 
spare, by which now it is expected that the escape of aqueous will take place, if the 
way through the ligamentum pectinatum is blocked. 


CHAPTER V 


OPERATIONS ON LENS AND VITREOUS CHAMBER 
I. Discissio CaTaractm 
(a) Discission of Soft Cataracts 


864. Technique.—Discission' of soft cataracts has for its object the 
opening of the anterior capsule of the lens in order to effect the resorption 
of the latter. Discission is performed with a sickle-shaped needle [or with 
the knife-needle (see Fig. 450)], which is passed in through the cornea (ker- 
atonyxis)*. The site of the puncture is the center of the lower and outer 
quadrant of the cornea, at which spot the needle is passed through the cor- 
nea and perpendicular to the latter, and is then pushed forward in the ante- 
rior chamber as far as the anterior capsule of the lens. [In order to mini- 
mize the risk of post-operative infection, some prefer to enter the conjunc- 
tiva beyond the sclero-corneal margin and then through the periphery of 
the anterior chamber (Byers)—D.| The lens-capsule is then laid open by 
one or more incisions in the area of the pupil (which has previously been 
dilated with atropine). The needle must be handled very lightly, no pres- 
sure being made with it, but simply sweeping movements; moreover, the 
incisions should not penetrate deep into the lens. The needle is then with- 
drawn from the eyeball, this bemg done quickly so that the aqueous may 
not escape. 

After the operation the aqueous enters the lens through the wound in 
the capsule, and the lens swells up and is gradually absorbed in the manner 
described at length under the head of traumatic cataract (sce page 548). 
In fact, discission is nothing but an imitation of the kind of injury of the 
capsule that accident so frequently produces. 

Discission is adapted for all soft cataracts—i. e., for those which are 
capable of complete resorption because they have as yet no hard nucleus. 
This is the case in children and in adolescents. Discission may also be made 
in those cataracts that still contain transparent portions of lens substance, 
since these become opaque under the influence of the aqueous. The form 
of cataract most frequently requiring this treatment is perinuclear cataract. 
Lastly, discission may also be employed for removing perfectly transparent 
lenses, when it is a question of doing away with a high degree of myopia 
by operation. 

In the cases cited discission may be the only operation done; i. e., after 
doing it we simply wait for a gradual resorption of the lens to take place. 


1 From discindere, to split (i. e., the lens capsule). 2 Fiom Képas, horn, “and vuTre, to prick. 
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This usually requires some months, and a repetition of the discission is often 
necessary. But, to shorten the duration of treatment, we may also employ 
discission simply as a preliminary operation to make the lens fit for extrac- 
tion. For this purpose we make the discission quite free, so as to get a rapid 
opacification and swelling of the lens. As soon as this has advanced to a 
certain point—which is the case some days or weeks after the discission— 
the softened and disintegrated lens is removed by a linear extraction, 


{Fra. 450.—INsTRUMENTS FOR PARACENTESIS AND DIscrsston, 
a, broad needle for paracentesis. 6, Bowman’s stop needle. c, Desmarre’s broad paracentesis 
needle. d, Beer's cataract needle. e, Knapp’s knife-needle. f, Ziegler’s knife-needle Other instru- 


ments required are a speculum and _ fixing forceps (see Fig. 400) and for some membranous cataracts 
De Wecker’s scissors (Fig. 444, h),—D.] 


The main advantage of discission consists in the freedom from danger 
of the operation itself and in the simplicity of the after-treatment. Since 
the small puncture in the cornea closes again directly, the patient is not 
compelled to keep to his bed after the operation and the bandage may be 
dispensed with after one day. If the course is favorable, no further treat- 
ment is required than to keep the pupil dilated with atropine until the 
resorption of the lens is complete. Discission, therefore, is the only cataract 
operation which can be employed with very small children who do not keep 
quiet after the operation. 

865. Accidents.—During the after-treatment various accidents may 
occur necessitating interference on the part of the physician. These are 
sometimes produced by the fact that the process of swelling takes place with 
toc great violence; sometimes, on the contrary, by the fact that the swelling 
and absorption of the lens are brought to a standstill. 
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The violent swelling of the lens may be caused by toc extensive a split- 
ting of the capsule, owing to which the lens is exposed to the action of the . 
aqueous over an excessively large area. In other cases, again, there exists 
in the lens a peculiar tendency to swell, which makes itself apparent even 
with small incisions of the capsule. The results of a rapid swelling of the 
lens may be either increase of tension or irido-cyclitis. The former mani- 
fests itself by the dull appearance of the cornea, by an increase of tension 
perceptible to palpation, and often by the oceurrence of pain; and these 
symptoms, if they were allowed to persist, would lead to amaurosis due to 
excavation of the optic nerve. The iritis is caused either by the mechanical 
injury (pressure) or the chemical irritation which the swelling masses of lens 
substance produce in the iris. Both increase of tension and iritis are partic- 
ularly to be apprehended in elderly persons, because these stand swelling 
of the lens worse than others do. To avoid these accidents the pupil must 
be kept well dilated with atropine, so that the swelling masses of lens sub- 
stance may come into contact with the iris as little as possible.’ Excessive 
swelling is most effectively combated by iced compresses, which, moreover, 
have an antiphlogistic action. The best remedy against the consequences 
of excessive swelling of the lens is the removal of the swelling masses by 
extraction. If we had intended at the start to have an extraction succeed 
the discission, a considerable swelling of the lens is rather what we should 
desire. But if we wish to get along with a discission alone, we must make 
the discission itself quite limited so as not to be compelled by excessive 
swelling of the lens to perform an extraction afterward. 

In contradistinction to the cases just mentioned, there are others in 
which from the outset the processes of swelling and resorption of the lens 
take place to an insufficient degree. In this event we are often dealing with 
the kind of lenses which are most likely to be found in aged persons, and 
which can swell but little. In other cases everything goes well at first, but 
after a part of the lens has been absorbed the swelling and resorption come 
to a standstill. The cause of this commonly lies in a union of the capsular 
wound, which takes place to such an extent that the aqueous no longer 
comes into contact with the lens fibers. In either case the indication is to 
repeat the discission, in doing which one may proceed more boldly than in 
the first operation and make an extensive opening in the capsule. 

866. Contraindications.—Discission is contraindicated—1. In elderly 
persons whose lenses already have a nucleus, and whose eyes, moreover, do 
not bear well the swelling of the lids. 2. In subluxation of the lens, a condi- 
tion which is recognized by the tremulousness of the latter. In this case dis- 
cission is impracticable on technical grounds, since the lens being insufhi- 
ciently fixed in its place would recede before the discission needle. 3. When 
there is considerable thickening of the capsule of the lens, as in this case 
the discission needle would cause luxation of the lens before it could tear 
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4. In the presence of posterior synechie, which 


through the capsule. 
In such a case 


render the dilatation of the pupil by atropine impossible. 
an iridectomy would have to precede the discission. 


(b) Discission of Membranous Cataracts (Dilaceration) 


867. The discission of membranous cataracts is not made with the 
view of effecting their resorption, since shrunken cataracts no longer contain 
much or any matter capable of being absorbed. On the contrary, their 
object is to make a free opening in the cataractous membrane by tearing it 


451.—INCISION WITH 
Sorr Pri- 
MARY AND IN SECONDARY CaTA- 


[Fie. THE 


IXNIFE-NEEDLE IN 


ract. (After Knapp in Norris 
and Oliver.) 


The knife-needle is entered 3 
mm. from the margin of the cor- 
nea in the horizontal meridian. 
The needle is advanced to about 
2 mm. beyond the anterior pole of 
the lens, thrust through the Jens 
capsule and (if the lens is present) 
through the superficial layers of 
the lens, and drawn back so as to 
make a horizontal incision, ab, 4 to 
5mm.long. Then the point of the 
needle is raised toward the cornea, 
and pushed upward in front of 
the capsule to the point ¢ from 2 
to 2.5 mm. above the horizontal in- 
cision. Here the capsule is trans- 
fixed and is divided by a down- 
ward sweep as far as the horizontal 
incision. The same manceuvre is 
done on the lower half of the cap- 
sule from d, below upward, so that 
the three cuts make a crucial open- 
ing with arms 4 or 5 mm. long. 
When the operation is done as a 
preliminary to extraction, the in- 
cision may be longer and deeper, 
and in membranous cataracts will 
be varied in size and situation to 
suit the exigencies of the case.—D.] 


apart, and for this reason it had better be 
called dilaceratio cataracte. [The name is not 
applicable to the operation with the knife-needle, 
or Graefe knife, which is a cutting not a tearing 
(see page 991).—D.] The operation may be per- 
formed either through the cornea or through the 
sclera. 

In the operation through the cornea (kera- 
tonyxis) the puncture is made in the center of 
the outer and lower quadrant of the cornea, as in 
the discission of a soft cataract or in the limbus 
in its outer and lower part. 
pushed forward and plunged through the cata- 
ract, and then the attempt is made by means of 
sweeping movements to tear the cataract in all 
directions, so that as large a gap as possible may 
be formed in it. 

In the operation through the sclera (sclero- 
nyxis*) the needle: [or better a Graefe knife or 
the knife-needle (see page 991)] is plunged in 
perpendicularly through the sclera, 6 mm. be- 
hind the external margin of the cornea, and 
somewhat below the horizontal meridian, and is 
then pushed forward so that its point passes 
through the cataractous membrane into the an- 


The needle is then | 


terior chamber close to the external margin of the pupil. Then the attempt is 
made to tear the cataract to the greatest possible extent by means of sweep- 
ing movements in which the point of the needle travels from before back- 
ward. The difference between discission through the cornea and that 
through the sclera lies in the fact that we are able, by the latter method, to 
bring a much greater force to bear upon the cataract with the needle and 
even depress it into the vitreous. 

Discission is adapted for all membranous cataracts, provided they are 


§|From sclera and yirrew, to prick.] 


! 
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not too thick, and that there are no extensive adhesions of the cataract to 
the iris. Discission is frequently done as a secondary operation after the 
extraction of cataract, to remove a secondary cataract. 


Seleronyxis is adapted only to those cases in which there are but few, if any, por- 
_ tions of the lens left which are able to swell up. In soft, non-shrunken cataracts, which 
it is designed to subject to the processes of swelling and resorption, one should not 
make discission through the sclera, for in that case, in order to split the anterior cap- 
sule, we would have to pass the needle through the entire lens and break the latter 
all to pieces—a procedure which, apart from the fact that we might easily luxate the 
whole lens in doing it, would give rise to excessive and violent swelling. 

Dilaceration of a membranous cataract is an operation productive of but little 
disturbance as long as there are no adhesions between the cataract and the iris. In 
the latter case there is danger of undue traction being made upon the iris, with con- 
sequent irido-cyclitis. Simple discission should be made only when the cataractous 
membrane is thin enough to be torn apart without being pulled upon. In the case 
of rather thicker membranes the operation can be done according to the method 
proposed by Bowman. In this two needles are passed through the cornea at the 
same time, one near the inner, the other close to the outer corneal margin. Then 
the points of the needles are plunged into the center of the membrane and drawn 
apart by sweeping movements. Thus the membrane js torn in such a way that the 
part pulled upon hes between the two needle-points—i. e., in the center of the 
cataract—while the iris remains free from traction of any kind. Another and much 
better method of avoiding making traction in the operation [particularly when the mem- 
brane is tough] consists not in tearing it with a needle, but in dividing it with a sharp 
Graefe knife [or Knapp’s knife-needle or DeWecker’s scissors] introduced through the 
cornea {see Fig. 451]. Sometimes there is an indication for carrying the section on 
into the iris, so that the capsulotomy is combined with an iridotomy. 


II. Exrractio CaTARACTE 

868. The object of cataract extraction is to remove the lens from the 
eye immediately, and as completely as possible. It consists essentially of 
three steps: 1. The making of a section whose dimensions vary in accord- 
ance with the size and consistence of the cataract. This section may lie 
in the cornea or in the sclera. 2. Opening of the anterior capsule in order 
to allow the lens to escape from it. 3. Expulsion (delivery) of the lens by 
pressure exerted upon the eye. In many cases a fourth step is added to 
the operation—namely, the excision of a portion of the iris. This iridectomy 
is regularly performed directly after the completion of the section. The 
most usual methods of extraction are: 

(a) Linear Extraction 


869. Linear extraction is so-called because the section is at least approx- 
imately linear (see page 917). Linear extraction, like discission, is per- 
formed both in soft and in membranous cataracts, and consequently is done 
in two different ways, which are modifications of each other : 

1. In operating upon a soft cataract the lance knife is introduced at 
the limbus in the lower margin of the cornea, during which manoeuvre the 
blade must be held parallel to the corneal margin. [H. Knapp, followed 
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by others, made the incision in clear cornea 2 mm. from the periphery of 
the latter.—D.] The lance is then pushed forward until the wound in the 
lower margin of the cornea has a length of 4 to 7 mm. (S S!, Fig. 453.) [In 
order that the incision should be sufficiently wide a very broad keratome 
should be used (Wilder)——D.] Then the lens capsule must be very 


[Fre. 452.—INsTRUMENTS FoR CATARACT EXTRACTION, 


a, Graefe’s cataract knife (linear knife). Used also in paracentesis, iridectomy, iridotomy, scler- 
otomy and discission. (Pages 968, 974, 981, 983, 990, 991, and 1006.)  b, eystitome and Daviel’s 
spoon. (Pages 968 and 994.) c, Knapp’s eystitome (right and left), used in cataract extraction without 
iridectomy. d, Tyrrel’s sharp hook for tearing the capsule. The blunt hook (Fig. 444, f) is also 
occasionally used, e, capsule forceps. The Kalt capsule forceps used in extraction in the capsule (page 
997) has cup-shaped and flattened extremities without teeth. Jf, wire loop. g, spatula to reduce the iris 
and stroke it out smooth, Otherinstruments are a speculum and fixing forceps (see Fig. 400) and ifthe 
cataract is done with iridectomy an iridectomy forceps and scissors (see Fig, 444) —D.] 


thoroughly torn up in the area of the pupil, which has been previously 
dilated by means of atropine. For opening the capsule we may use either a 
discission needle, a sharp hook (Fig. 452, d) or a capsule forceps (Fig. 452, e). 
After this the lens masses are discharged by making pressure on the eyeball 
with the finger through the upper lid and at the same time depressing the 
peripheral lip of the wound with a Daviel’s spoon. By this means the 
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contents of the eyeball are subjected to quite a great pressure, and the 
wound is made to gape open. This manceuvre is repeated until all parts 
of the lens have been removed from the eye. [The lens masses may also be 
removed by irrigation (Wilder).] 

If lmear extraction is done to remove a lens that has been swollen up 
by a prelimmary discission, the opening of the 
capsule is omitted, since the capsule has already been 
torn open by the discission. 

2. When a membranous cataract is to be oper- 
ated upon, the section is made in the same way. 
Thenasharp [or blunt] hook or a forceps is introduced 
through the section, and with these instruments the 

Fra. 453.—Linear Extrac- 
cataractous membrane is grasped and drawn out _ TON. Magnified 2x1. 
through the cient Pupil dilated with atropine. 

The advantages of linear extraction consist in the fact that the section 
is short and passes through the cornea obliquely, for which reason it closes 
readily, does not necessitate an iridectomy, and does not require any very 
strict after-treatment. But owing to this very fact that the section is so 
short, this method is adapted only to membranous or to soft cataracts— 
i. e., to those that have no hard nucleus, since the latter could be removed 
through such a wound only with difficulty, or could not be removed at all. 
[As pointed out by Beard, Wilder, and others, linear extraction may be used 
in cataracts—especially lamellar, traumatic, shrunken and membranous 
cataracts—occurring in people under 40, and may sometimes be performed 
up to the age of 45.—D.| 


(b) Flap Extraction 


870. Technique.—This operation produces in the margin of the cornea 
a curved section of an extent requisite for the removal of large, hard cata- 
racts. The indication for its performance is furnished by all cataracts which 
have a hard nucleus [of any size] and are hence not adapted either for dis- 
cission or for linear extraction. The operation consists of four steps: 

First step: Performance of the section. This is done with the Graefe 
linear knife, which is introduced in the limbus at S (Fig. 454), m such a way 
that the cutting edge looks upward. Then the knife is passed through the 
anterior chamber to the point of counter-puncture, S'. The counter-punc- 
ture should lie exactly opposite the site of the puncture, the two being, at 
such a level that the upper third or fourth of the cornea is separated by the 
section so as to forma flap. [H. Knapp, whose experience and judgment 
rightly carry the greatest weight, advised that the puncture be made 
about 1 mm. above the temporal end, and the counter-puncture | mm. 
above the nasal end of the horizontal meridian. (See also page 995.)—D.] 
[After the transfixion has been made, the section is completed by sawing 
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cuts, so that through its whole extent it divides the sclera just behind the 
limbus. As soon as the knife has cut through the sclera, it lies behind the 
conjunctiva, by cutting which a conjunctival flap is formed about 2 mm. 
broad. In doing this it is advisable to turn the knife rapidly upward so 
as to divide the conjunctiva quickly. Otherwise, since the conjunctiva 
is extensible and hence not easy to divide, the knife would strip it up from 
the sclera a long way back, and the conjunctival flap would become too 
broad. 

The section is made upward, so that in ease iridectomy is performed the coloboma, 
too, may be situated above and be covered by the upper lid. The section performed as 
above described is long enough for the largest-sized cataracts. If we have a cataract 
to operate upon whose nucleus is probably small, we may make a section of correspond- 
ingly smaller size. 

Second step: Iridectomy. After the conjunctival flap has been turned 
down upon the cornea, so that the wound may be exposed to view, the latter 
is entered with the iris forceps, the iris is grasped close to the pupillary 
margin, drawn out, and cut off with a single sweep of the scissors. 

It is best to make the excision of the iris as slender as possible (Fig. 454). With 
this object in view, we draw the iris from the wound only far enough for its pupillary 
margin to become visible, and then, holding the scissors forceps perpendicular to the 
direction of the wound, snip off simply the apex of the tag of iris. A small coloboma 
averts prolapse of the iris as certainly as does a large one (see pages 923 and 996), and 
causes less confusion from dazzling. 

Third step: Opening of the capsule. This is performed with the cap- 
sule forceps, the delicate teeth of which are directed backward (Fig. 452, e). 
The forceps, closed, is introduced and passed on in the anterior chamber 
until the center of the pupil has been reached. Here the forceps is allowed 
to open, and by the exertion of light pressure the capsule is grasped over as 
large an extent as possible, and is drawn out of the wound. 

The opening of the capsule was made by Von Graefe with a eystitome—i. e., with 
a triangular cutting lancet (Fig. 452, 6 and c), and by others was made with the dis- 
cission needle or with a sharp hook (Fig. 452, @). An important improvement has been 
the introduction of the capsule forceps. With this the anterior capsule is not only 
split, but also has a piece taken out of it. Thus, the capsular wound is prevented from 
closing quickly, and by its closure interfering with the resorption of the fragments of 
the lens that remain. Since the employment of the capsule forceps, secondary cata- 
ract has become much less frequent, although at present unripe cataracts are operated 
upon much more often than formerly. 

Fourth step: Expulsion of the lens. The Daviel’s spoon is placed par- 
allel to the wound against the lowermost part of the cornea, and light pres- 
sure is exerted with it upon the latter upward and backward. Instead of 
the spoon, we may use the finger, pressing with this through the lower lid 
upon the region of the lower margin of the cornea. The pressure must be 
stopped the instant the greatest diameter of the lens has passed through 
the wound. 


OPERATIONS ON LENS AND VITREOUS CHAMBER 995 


After the operation is finished, the “toilet” of the eye is next in order.. 
The portions of the cataract which are still left in the eye, and also any7 
extravasated blood, are removed by stroking with the lower lid,* the iris is. 
replaced from the wound into the anterior chamber by the introduction of 
the spatula, until the pillars of the coloboma have the proper position (see: 
page 921), then the conjunctival flap is stroked out smooth, and the eye 
is bandaged. 


Many operators follow the extraction with irrigation of the anterior chamber with 
weak antiseptic solutions, partly in order to wash out the fragments of lens which 
remain behind, and partly to disinfect the interior of the eye. I have employed irriga- 
tion pretty often, but have sometimes seen permanent opacity of the cornea or iritis 
result from it, so that I have given it up again. [Irrigation has still many advocates. If 
made with normal (or, better, half-strength normal) salt solution or boric acid it has 
little tendeney to produce opacity of the cornea or iritis. Special instruments have 
been devised for it (syringe of Mac Keown, Lippincott’s irrigator), but a simple rubber. 
bulb with slender, flattened glass tip answers all requirements.—D.] ; 

Some operators, after the operation is concluded, sew on conjunctival flaps; others” 
[Kalt, Williams] suture together the lips of the corneal wound. But if we operate with 
a conjunctival flap, the latter lies so well on its bed and becomes adherent to the latter 
so quickly that suturing is superfluous. I apply a suture only in case the wound gapes 
a good deal after there has been loss of vitreous or in case the corneal edges show a ten- 
dency to turn over. [Among those who cover in the wound with preformed conjunc- 
tival flaps are Stanculeanu, Czermak, and van Lint. The objections to such flaps, as 
summarized by Major Smith, are increased time and traumatism in making the opera- 
tion, obscuration of the field by blood and loose conjunctiva, difficulty in making the 
incision of the proper size, and increased difficulty in extracting the lens and replacing 
the iris.—D.] . 

871. Varieties of Section.—With regard to the way of making the sec- 
tion, different operators differ, some making it in the transparent cornea 
(Fig. 455), in which case no conjunctival flap is formed, while others carry 
the section through the marginal portions of the conjunctiva covered by the 
limbus, or even through the adjoining sclera (Fig. 454), so that after making 
the division they bring the knife up under the conjunctiva, and form a flap 
out of it. This conjunctival flap has the advantage of becoming very 
quickly agglutinated to the subjacent parts, and so closes the wound exter- 
nally even when the edges of the incision in the cornea or sclera have not 
yet united. It thus protects the wound from subsequent infection. 

872. Simple Extraction.—Of the four steps of the operation the second 
may be omitted, and the operation done without iridectomy. |The operation 
is then called simple extraction, as distinguished from the combined extrac- 
tion, or operation with iridectomy.—D.] In the latter case the iris must 
be carefully replaced after the operation is finished, and then eserine® must 
be instilled in order to prevent by the contraction of the pupil any subse- 
quent prolapse of the iris (Fig. 455). A position midway between the oper- 


4(Or with a spatula —D.] 5 [This is omitted by many operators.—D.] 
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ation with and without iridectomy is the modification proposed by Pfliger 
and Hess. This consists in exsecting, after the delivery of the lens has been 
effected, a very small bit of that part of the periphery of the iris which lies 
directly beneath the wound. The small hole thus made is concealed by the 
limbus and by the uper lid, so that the cosmetic and optical effect of the 
operations is like that of an operation without iridectomy, while yet the dan- 
ger of a subsequent prolapse of the iris is rendered very much less (see page 
923). [This buttonhole iridectomy was devised by Chandler, who calls the 


Fig. 454. Fie. 455. 

Fria, 454.—Fuap Extraction wits Irmpectomy. Magnified 2X1. S Si, scleral section, con- 
centric with the limbus. ai a, edges of the sphincter. 

Fig. 455.—F.Lap Extraction wiTHout Iripecromy. Magnified 2X1. S Si, corneal section, 
which everywhere lies in the limbus. The pupil is greatly contracted by means of eserine. As a con- 
sequence of this marked miosis, the pupil is not perfectly circular, but somewhat irregular, and the 
fringe of pigment lining it has become broader. 


operation when so made “modified simple extraction.’’ Chandler pomts 
out that the retained cortical lens matter can be expelled through the hole 
thus made.—D.| 


The omission of iridectomy has the advantage of keeping the patient’s pupil 
round and mobile, but it also entails many disadvantages, which limit the number of cases 
in which extraction without iridectomy is indicated. Thus: 1. The delivery of the 
lens is more difficult without iridectomy, because the lens has to be expelled through the 
narrow pupil, and to accomplish this pretty strong pressure is required. Hence, this 
method is not adapted to those eases in which a very easy delivery of the lens is desir- 
able, as, for instance, in cases of tremulousness of the lens in which any kind of strong 
pressure would produce rupture of the zonula and hyaloid membrane, and consequently 
prolapse of the vitreous. 2. When the pupil is narrow the removal of cataractous 
remnants is difficult, for which reason the operation with iridectomy is preferable for 
unripe cataracts. 3. Extraction without iridectomy is not adapted to cases in which 
there is a complicated cataract connected with the iris by synechix. 4. In spite of the use 
of eserine, prolapse of the iris may take place in the days following the operation. In 
this case we are obliged to make a secondary excision of the prolapsed iris. Accordingly, 
extraction without iridectomy is not adapted to eases which show a great tendeney 
toward prolapse of the iris, nor to those in which we can not count upon the patient’s 
remaining quiet after the operation. It may also happen that an operator may, after 
taking all these facts into consideration, have decided upon an extraction without 
iridectomy, and yet in the course of the operation may find himself compelled to excise 
the iris. This is the case, for instance, when the pupillary portion of the iris is so un- 
yielding (as it often is in old people) that it does not allow the cataract to pass through 
the pupil, and the latter has to be widened by an iridectomy before the passage can take 
place. In other cases the delivery of the lens goes on well, but the iris shows a tendency, 
in spite of careful reposition, to fall again into the wound. In this event it is better to 
cut it off at once than to run the risk of a subsequent prolapse of the iris. We may 
therefore say: Flap extraction without irideectomy gives under favorable circumstances 
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the most perfect result, but is not adapted to all cases, and in many cases it can not be 
done at all; moreover, owing to the danger of a subsequent prolapse of the iris, it does 
not attain to the almost absolute certainty of success that belongs to flap extraction 
with iridectomy. 


873. Extraction in the Capsule.—The ideal cataract operation would 
be to remove the lens in the closed capsule, so that no residue of the cata- 
ract would remain, no tags of capsule could be incarcerated in the wound 
and no after-cataract could form by thickening and folding of the capsule 
that had been left behind. In delivering the lens in its capsule it is desir- 
able to combine the section with an iridectomy, in order that the exit of 
the lens may be easy. The exit is effected by strong pressure on the 
lower part of the cornea. But this, again, has the disadvantage that it 
often produces escape of vitreous and thus renders the operation more 
serious. The ideal results obtaining in successful cases of this method of 
operating, which was proposed by Smith, are therefore purchased at the 
expense of quite a large number of losses. 


[Extraction of the lens in its capsule was proposed by Pagenstecher for cataracts 
with thickened capsule. More recently it has been advocated as a routine method of 
dealing with cataracts of all kinds by Major Smith of India, who has operated on an 
enormous number of cases with great success. In the operation practised by him, as 
described by Vail, the eye is first thoroughly douched with 1:2000 bichloride solution. 
Puncture and counter-puncture are made in the limbus and about in the horizontal 
meridian of the cornea, the blade of the knife being turned forward so as to cut the cor- 
nea more at a right angle and make a perfectly smooth incision which lies wholly in the 
cornea, but stillis large. Iridectomy is then done, special care being taken not to injure 
the lens capsule. In the expression the assistant holds the lids far from the eye with 
fingers and with a blunt hook, the patient looks up, and the operator with another 
blunt hook presses on the cornea till the lens breaks loose and tilts forward, and with 
the same hook, engages the lens as it comes out. A spoon is placed behind the lens only 
if vitreous presents, and then not to lift the lens out but to keep the vitreous back. 
Many doubt whether the final results of the operation are as good as those of extrac- 
tion with capsulotomy. Outside of India it has been adopted by few operators.—D.] 

[Extraction after Subluxation with Capsule Forceps.—To avoid the dangers of 
undue pressure and consequent loss of vitreous, that obtain in the Smith operation, 
A. Knapp subluxates the lens by traction instead of by pressure. He makes an incision 
just short of half the corneal circumference and with a conjunctival flap. After making 
an iridectomy he grasps the lens capsule below its center with a Kalt capsule forceps, 
which takes firm hold of the capsule without tearing it (see deseription Fig. 45, ¢). 
With this he rocks the lens until the lower portion of the capsule ruptures and the lens 
subluxates. ‘hen withdrawing the forceps, he makes pressure straight backward on 
the lower part of the cornea until the lens turns over and presents. The part of the 
capsule that still remains adherent to the lens is separated by a lateral stroking 
motion. A similar operation has been proposed by Stanculeanu. Torék grasps the 
capsule with the Kalt forceps and by making lateral and circular movements with 
this loosens the zonular attachments; then expels the lens by traction with the for- 
ceps combined with intermittent pressure on the sclera with the Daviel spoon.—D.| | 

874. Other Modifications of the Operation.- -(a) We give the name of preliminary 
iridectomy to one that is made several weeks before a cataract operation. Many oper- 
ators perform such an iridectomy even in uncompiicated cataracts because they believe 
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that thus they make the cataract operation itself less severe and hence less dangerous. 
But preliminary iridectomy is done particularly in unripe cataracts in order to ripen 
them (maturation). This operation which was devised by Forster consists in rubbing 
the cornea in a circular direction with a blunt instrument (Daviel’s spoon or a squint 
hook) after the excision of the iris. Since the cornea is so thin that it is dimpled by 
the rubbing, the latter in the pupillary urea acts also upon the lens whose capsular 
epithelium in this area is in part lacerated and detached. Hence the capsule is made 
permeable for the aqueous, by means of which the lens fibers are opacified. The mas- 
sage of the lens results in the latter’s becoming completely opaque within a few 
weeks or even a few days. The extraction of the lens should follow this preparatory 
iridectomy not sooner than four weeks. 

Like many others I have pretty much given up preliminary iridectomy as super- 
fluous, except in those cases in which there are complicated cataracts. In such cases 
a preliminary iridectomy must above all be made when the cataract is associated with 
increase of tension because otherwise we should run the risk of having a destructive 
intra-ocular heemorrhage (see page 924). 

Ripening by Forster’s method I also consider as an operation that we can dis- 
pense with. We can without waiting extract even unripe cataracts with success if we 
open the capsule quite extensively with the capsule forceps. 

(b) [The preliminary capsulotomy of Homer Smith is done especially in immature 
cataract. The capsule is opened with a. scalpel-shaped knife-needle four to six hours 
before the extraction. The aqueous thus gains access to the lens substance, causing the 
soft portions of the latter to swell and become loosened from the capsule, so that when 
the extraction is made they come out easily.—D.] 

(c) Wenzel’s Extraction.—When owing to severe irido-cyclitis there is an adhesion 
between the surface of the iris and the lens, excision of the iris in the regular way is 
impossible. We then cut through the iris and open the capsule at the time of making 
the section in the cornea, by carrying the knife not only through the cornea, but also 
through the iris and lens capsule, which can easily be done since the anterior chamber 
a such cases is generally shallow (Wenzel). 


875. Accidents Occurring in the Operation for Cataract.—The 
extraction may be made difficult or fail altogether, owing to accidents of 
various nature. Many of these are the fault of the operator. If the 
section proves to be too short or if the capsule is insufficiently opened, 
the delivery of the lens is difficult or impossible. In this case the section 
must be enlarged,® or the capsule must be again ruptured, and this time 
moré thoroughly. If the operator exerts too strong a pressure with his 
instruments upon the eyeball as a whole, or upon the iris or lens, the 
zonula ruptures and the vitreous gushes out. The greater the operator’s 
skill grows with practice, the less frequently do these unlucky accidents 
happen to him. But there are other accidents which are caused by the 
abnormal condition of the eye that is operated upon, and in that case it 
generally does not lie in the power of the operator to prevent them. The 
most frequent of these accidents is prolapse of the vitreous. This takes 
place when the zonula ruptures. Such rupture not infrequently happens 
because the patient screws his lids tightly together and thus presses upon 
the eyeball. It also occurs when the zonula was defective before the 


: 6(This is done with slender but strong and sharp blunt-pointed scissors (Stevens's tenotomy 
scissors.—D.] 
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operation, and hence especially in hypermature and in complicated cata- 
ract. The significance of prolapse, of the vitreous for the subsequent 
course of the operation differs according as it takes place before or after 
the delivery of the lens. In the former case the lens cannot be evacuated 
in the usual manner by pressure exerted upon the eye; for then the larger 
part of the vitreous would escape before the lens itself came away. Hence, 
the lens must be drawn out of the eye with instruments—i. e., extracted 
in the true sense of the word. For this purpose the proper instruments 
are Weber’s loop (Fig. 452, f) or Reisinger’s [or agnew’s] double hook, 
which are introduced behind the lens and lift it out by force of traction. 

Prolapse of the vitreous is much less to be dreaded when it takes 
place after delivery of the lens. The most serious harm that prolapse 
then does is that it hinders the accurate replacement of the iris, and 
also that the prolapsed vitreous lies between the lips of the wound and pre- 
vents their accurate coaptation. The vitreous may also give rise to sup- 
puration of the wound, since it is very apt to become infected. 

[If the vitreous escapes in any quantity, there will be more or less 
collapse of the eyeball. This may be remedied by injecting warm sterile 
salt solution into the anterior chamber (see page 923).—D.} 

{For hemorrhage after cataract extractions, see page 923.—D.] 

A rare but unpleasant accident is that in which the lens, before being 
delivered, becomes luxated, and disappears into the vitreous from which 
ordinarily it can not be extracted [but see page 1005.] 

876. Result of the Cataract Extraction—An eye whose lens has 
been removed is aphakic. It presents the following appearance when 
the operation and the healing of the wound have pursued a normal course: 
The cicatrix left by the operation, if situated in the cornea, appears as a 
narrow gray line; if the section has been made in the limbus or in the sclera, 
the resulting cicatrix becomes later on almost unrecognizable. The an- 
terior chamber. is abnormally deep, the iris is tremulous and, when the 
operation has been done with iridectomy, presents a coloboma above. The 
pupil is of a pure black, but on lateral illumination presents to view a 
membrane of silky luster, which not infrequently is thrown into folds. 
This is the lens capsule which was left in the eye when the lens was removed. 
It is, however, only the posterior capsule of the lens (h, Fig. 456) that is 
intact throughout. The anterior capsule (v 11) where it occupies the area 
of the pupil, is lacerated and in part deficient; the remains of it are applied 
directly to the posterior capsule. Since both capsules are transparent, 
the pupil appears round and black. Behind the iris the anterior capsule, 
where it was protected from the instrument used for making the opening, 
is preserved intact, and in conjunction with the posterior capsule incloses 
remains of the lens, which correspond to what was once the equator of 
the latter (Fig. 456, k). As the anterior and posterior capsules become 
agelutinated together in the pupillary area, these remains of the lens are 
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shut off from the aqueous, and can not therefore be absorbed; in fact, 
they usually increase in amount, owing to proliferation of the cells of the 


capsule. They then form an annular swelling lying behind the iris (Soem- 


Fie. 456.—Cross Section 
THROUGH THD ANTERIOR 
SEGMENT OF AN Hyun, 
UPON WHICH AN Ex- 
TRACTION HAS BEEN 
PERFORMED BY Mpmans 
or A Furap_ Section. 
Magnified 4x 1. 


The section, s, which 
was made upward lies by 
its inner portion in the 
cornea, by its outer por- 


tion in the sclera; the 
latter is covered by the 
eonjunctival flap, b. Ata 


point corresponding to the 
section the iris is wanting, 
except for a short stump. 
The anterior capsule pre- 
sents a large aperture, the 
edges of which (» ») are 
curled over, while the pos- 
terior capsule, h, although 
slightly wrinkled, is unrup- 
tured, In the lower part 
of the eye behind the iris 
the remains of the lens, 
which are inclosed in the 
folds of the capsule, form 
Soemmering’s crystalline 
swelling, k, which is want- 
ing in the parts above that 
correspond to the ¢éolo- 
boma. 


mering’s crystallime swelling). The lumen of the 
ring, which corresponds to the pupil, is closed by a 
thin, transparent membrane consisting of the two 
apposed layers of the capsule. As the opaque and 
swollen mass behind the iris is completely concealed, 
it in no way interferes with vision. If the operation 
has been made with an iridectomy, the mass is want- 
ing in the course of the coloboma, because the 
anterior capsule was opened there likewise. 

Without glasses the sight of persons who have 
been operated upon for cataract is just sufficient to 
allow them to go about alone or to do very coarse 
work. Distinct vision is possible only with the aid of 
convex glasses, since by the removal of the lens the 
refractive power of the eye has become too small, and 
hence there is a high degree of hypermetropia. If 
the eye was emmetropic before the operation, the 
hypermetropia afterward amounts on an average to 
from 10 to 12 D. It is otherwise in cases in which 
an error of refraction already existed beforehand. 
If a hypermetropia was present previously, it 
enhances that which is acquired by the operation. 
If, on the other hand, the eye was myopic before 
the operation, the subsequent hypermetropia is less; 
extremely myopic eyes may actually become em- 
metropic after a cataract operation, or even remain 
a little myopic.’ The aphakie eye, moreover, 
destitute of accommodation. The eye is incapable of 
altering its refractive state. Hence, it follows that 
by a single glass the latter is corrected for a single 
distance only. Accordingly, an eye that has been 


Is 


operated upon for cataract needs at least two 
glasses—one for distance, and the other for near. 


lOwing to’ the alteration in the corneal curvature 
produced by the contraction of the operation sear, 


usually a considerable amount (from 1 to 4 D) of inverse astigmatism is 


(If the eye was myopic before the extraction, 
upou whether the myopia was all axial or was 


produced by the cataract operation. This usually diminishes during the 


the amount of residual hypermetropia depends 
also partly due to increased curyature of the cornea. In 


the former case, if FH. denotes the residual hypermetropia in dioptries and M the pre-existing myopia 


then, generally speaking, H 11 — > ‘ 


If M is over 22 D, then H becomes negative, i. e., represents 


too many dioptries of residual myopia.—D.] 
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first few months, so that the ultimate correction by glasses may be materi- 
ally different from the immediate correction.—D.] 

For erythropsia after cataract extraction see page 22. 

877. After-Cataract—It often happens, even in cases in which the 
operation has been well performed, that the result of the operation is 
impaired by the retention of portions of the cataract. This happens particu- 
larly when the operation is done on immature cataracts, but by no means 
fails to occur also in those that are mature and hypermature. If the anterior 
capsule is thoroughly opened, the portions of the las left behind (if they 
were not already opaque previously) grow opaque, swell up, and become 
absorbed. In this case, therefore, a pure black pupil is ultimately obtained. 
But if the layers of the capsule become agglutinated early and shut off 
the remains of lens substance from the aqueous, these remains are not 
absorbed but persist as a white membranous opacity. This is called after- 
cataract (cataracta secundaria). If this is present in only one part of 
the pupil while another part of it is quite clear, the sight may be perfect. 
But if the whole pupil is filled by the secondary cataract, the sight is 
diminished in proportion to the density of the opacity. It may also 
happen that the after-cataract does not develop until later on; the epi- 
thelium of the anterior capsule which has been left behind proliferating 
and inducing a secondary thickening and opacity in the latter. Similarly 
the capsule, even without becoming opaque, may induce diminution in 
sight, if in the course of time it becomes more and more wrinkled and thus 
causes irregular refraction of the rays of light. 

After-cataract, when it interferes with sight, requires a secondary 
operation—namely, discission, or linear extraction. The secondary opera- 
tion should not be performed until the eye ceases to show any trace 
of irritation, and in no case sooner than two weeks after the cataract 


extraction. 

The result of a cataract operation may furthermore be impaired by 
inflammation (see page 928). If suppuration of the wound sets in, the 
eye is almost always lost. If irido-cyclitis develops, the secondary cat- 
aract is united by the exudate which is formed, to the iris and even to 
the ciliary processes (cataracta secundaria accreta). It depends upon 
the condition of the light perception whether the sight in such a case 
can be restored or not by a secondary operation (iridectomy or iridotomy). 


878. History of Cataract Operations.—In the preceding pages it has been shown 
that there are various ways open to us for removing cataract. We may either subject 
it to resorption by means of discission, we may tear a hole in it. by dilaceration, or we 
may remove it altogether from the eye. But not even by this list are all the methods 
of restoring the sight of an eye blind with cataract exhausted, We might also, instead 
of removing the opaque lens, push it away frors its place behind the pupil so that the 


latter becomes free again. This artificial luxation is not only practicable, but as a 
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matter of fact it has been practised for a thousand years; it is the oldest method of 
operating for cataract. This method, called depression of cataract® (depressio cata- 
ractz), was made in the following way: A needle was passed into the sclera on the 
outer side of the margin of the cornea and about 4 mm. behind it, and it was pushed 
forward until at length it lay against the upper border of the lens. Then the point 
of the needle was lowered by a sweeping movement, and the lens was thus depressed 
into the vitreous. The moment this was done the pupil became black and the patient 
regained his sight. This was the only method of operating upon cataract practised in 
ancient times and throughout the Middle Ages. As time went on it was modified in 
various ways. The last and most important modification consisted in turning the lens 
over instead of depressing it. The needle in this case was passed by the margin of the 
pupil and into the anterior chamber, and with it pressure was made upon the upper 
part of the anterior surface of the lens. The latter was thus turned over in such a way 
that its anterior surface looked upward, its posterior surface downward. This pro- 
cedure was called reclinatio cataracte. 

The operation above mentioned, or “cataract pricking,’”’ was, as a rule, practised 
by special physicians. In the Middle Ages these went from one annual fair to another, 
and there operated upon those who were blind with cataract. When the operation 
had been successfully performed and the honorarium had been paid, the ‘cataract 
pricker’’ traveled to another place. He did not see his patient again after the opera- 
tion, and it was a good thing for him that he did not, for the later consequences of 
the operation were as melancholy as the immediate result was brilliant. For the eyes 
very often were destroyed either by inflammation or by increase of tension. The in- 
flammation probably was caused as a rule by infection with the cataract needle and 
not infrequently was transmitted to the other eye in the form of a sympathetic oph- 
thalmia. At present inflammation might generally be avoided by operating asepti- 
cally, but we have no means of combating the other deleterious consequences of depres- 
sion or reclination, and particularly the increase of tension that so frequently occurs 
when the lens is luxated. Hence the repeated attempts that have been made to take 
up reclination in recent times have always been abandoned again. [The operation is 
still much practised by native physicians in India.—D.]} 

It sometimes happened after depression or reclination that the lens failed to re- 
main in its place in the vitreous, particularly when the latter was liquefied. In such 
cases either immediately after operation or later, in some cases not till years afterward, 
it rises and places itself in its old position behind the pupil; it may even pass through 
the pupil into the anterior chamber. Such eases of luxation of the lens into the an- 
terior chamber gave the first occasion for the performance of extraction of cataract. 
This method of operating, if we are to believe some authors, was perhaps practised 
now and then even in ancient times, but at any rate it had in the Middle Ages tallen 
completely into oblivion. The first information that we have in regard to it we get 
from the seventeenth century, when there are several instances in which the lens was 
removed from the anterior chamber into which it had got after the operation of de- 
pression. The Frenchman Daviel had already done this in several cases, when in the 
year 1745 he first dared to undertake this operation upon a cataract which wassituated 
in its normal position. In so doing Daviel inaugurated a new era in the history of 
cataract operations, since from that time the extraction of cataract began more and 
more to take the place of depression. 

The original method of Daviel was naturally very much in need of improvement. 
Of the many modifications which it underwent in the course of time the last and best 
was that of Beer. The latter made the section with a knife invented by himself [Fig. 


8 [Also couching or displacement of cataract.—D.] 
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457], which broadens from point to handle so as to have a wedge shape. With Beer’s 
cataract knife it is possible to complete the section by simply pushing the knife forward 
after it has been entered, and owing to. this fact the section acquires a high degree of 
regularity. The section ran somewhat inside of the limbus, and separated exactly the 
lower half of the cornea from the sclera. Then, after opening the capsule, the lens was 
delivered, but no part of the iris was excised. 
Beer’s procedure was soon generally adopted, and was for a long time the pre- 
vailing method. In successful cases it gave ideal results. The pupil was black, round, 
and perfectly movable, and it was only upon close examination of the eye that it could 
be discovered that an operation for cataract had been performed at all. Unfortu- 
nately, it always happened that a considerable number of eyes were lost after this 
operation, especially by suppuration of the cornea. As at that time it was not known 
that this was caused by infection of the wound, the method of cperating, and par- 
ticularly the way in which the section was made, were regarded as accountable for it. 
Hence, other better procedures were sought 
after, and this time Von Graefe was the 
one to take the most important step for- 4 
ward and create a revolution in the meth- (i SW oY 
ods of performing extraction, by the in- a n \, 
vention of his method. Hin ANN 
Von Graefe considered that the cause SS \S= ine 
of the suppuration of the cornea in Beer’s I 
method lay in the shape of the section which a 
was made with a flap. This gives rise to 
great gaping of the incision, in consequence (Fre. 457. 
of which the lips of the wounds are not Beer's operation for cataract by inferior flap 
é . with a Beer’s knife. Beer’s knife is also used 
properly applied to one another, and this for the ablation of staphylomata of the cornea 
fact was supposed to’:furnish the cause ‘page 969).—D.] 
of the suppuration. Von Graefe accordingly believed that the linear incisions were 
preferable, as he had become convinced of the promptness with which they healed 
in the case of simple linear extraction, an operation which had already been prac- 
tised by him. Accordingly, he, as well as others, attempted to apply the linear section 
which was made with the lance knife, and which originally was employed only for 
soft or shrunken cataracts, to large cataracts with a hard nucleus. With the object 
these experimenters tried to make the linear incision as large as possible by placing 
it in the upper part of the cornea, and by combining it with iridectomy. Others tried 
to diminish the size of the lens first by crushing it so as to be able to extract it through 
the section. But these attempts were all unsuccessful. The section always remained 
too small for the cataract, which in its passage contused the lips of the wound, so that 
inflammation frequently ensued. Jacobson, who sought the remedy in another way, 
obtained better results. He placed the section in the sclera. He gave up the linear 
character of the section, and made a flap incision, skirting the lower margin of the 
cornea, but situated still in the sclera. With this he combined iridectomy. This method 
gave better results, and particularly a less frequent suppuration of the wound. The 
cause of this was regarded as consisting in the fact that the sclera, being a vascular 
tissue, is less disposed to suppuration than the non-vascular and hence more poorly 


nourished cornea. 
Von Graefe now attempted to combine in a new method both advantages—namely, 


the linear character of the section, which ensures a good coaptation of the edges of 

the wound, and the position in the sclera, which affords protection against suppura- 
7 * “a : : . 

tion of the wound. It soon became apparent to bim that a linear section, which should 
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be of the necessary length and situated in the sclera, could not be performed with the 
lance-shaped knife. The lance knife must be pushed forward parallel with the plane 
of the iris, and therefore, as soon as it is desired to make a wound of any length at all, 
produces a section which is nearly concentric with the margin of the cornea, and hence 
has the character of a flap. Von Graefe accordingly devised the narrow or linear knife, 
which soon proved to be one of the most useful instruments in ophthalmology. With 
this knife he performed the section in such a way that at its center it was in contact 
with the summit of the cornea, but at its ends was removed a considerable distance 
from the corneal margin. The point of entry is determined by means of a tangent 
(t t,, Fig.458), which is conceived to be drawn through the external margin of the cornea; 
the puncture (s) is situated in this and at that point of it where it is at a distance of 
1 to 14% mm. from the margin of the cornea. The point of emergence, s;, lies directly 
opposite the point of entry. While the section is being performed, the edge of the 
knife, which at first was directed straight upward, is turned a little forward, so that 
the center of the section gets to lie right behind the limbus. 
The new way of making the section had the conjunctival flap 
and iridectomy as its necessary concomitants. The iridectomy 
had to be performed as a regular thing, since otherwise the iris, 
owing to the peripheral situation of the wound, would cer- 
tainly have become incarcerated in it. (In the old methods 
of extraction iridectomy was done only when there was some 
necessity for it.) As cataract operations combined with 
Fra. 458.—Mopiriep Lix- Iidectomy were called ‘modified’ operations (so named in 

EAR Exrracrion sy contradistinction to those that are ‘‘simple,’’ i. e., performed 

VON GRAEFE’S MuEruop, a Bae ua ? 

Magnified 21. without iridectomy), Von Graefe called his new method 
fe Te Re tes “modified linear extraction.” Later on, one made a virtue 
large coloboma with very of necessity, and laid special stress upon the advantages of 
divergent limbs, ac. ae = x 

the iridectomy that was combined with the extraction. It 
prevented, they said, the incarceration of the iris, made it possible to open the capsule 
more thoroughly, facilitated the removal of the remains of the cataract, and afforded a 
protection from subsequent inflammation of the iris. Hence, people soon got to regard~ 
the excision of the iris as one of the additional advantages of the new method. 

The results of Von Graefe’s linear section were, in fact, much better than those 
which the earlier methods had given. Suppuration of the wound, in particular, had 
become less frequent. But yet the method had its dark side, too. Its performance 
required more operative skill, and the delivery of the lens was made more difficult, 
owing to the slight tendency to gape that the wound possessed. Other disadvantages 
arose from the peripheral situation of the section, which brought the latter, especially 
at its extremities, close to the zonula and the ciliary body. Prolapse of the vitreous 
was frequently met with, and also inclusion of the limbs of the coloboma in the wound. 
While suppuration of the wound proved to be less frequent, iritis and irido-cyclitis 
became proportionately more common, and in consequence sympathetic disease of 
the other eye was observed more frequently than before. These facts induced oper- 
ators to depart more and more from this section, which was felt to be too peripheral 
in its situation, and in particular led them to place the extremities of the latter nearer 
the cornea. If Von Graefe’s original section, as Von Graefe himself gave it, was itself 
not a pure linear incision, this is still more the case with the section as it was subse- 
quently performed. It had become a curved section, forming an are of small altitude. 
Under this somewhat modified form, scleral extraction soon became the method that 
was generally employed. 

Since with the introduction of the antiseptic method the danger of suppuration 
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of the wound had been reduced to a minimum, operators no longer hesitated to make 
the section in the limbus or in the transparent cornea itself—as for example, is done 
in the corneal flap extraction above described. Other improvements that have been 
made have had regard to the excision of the iris. Operators had already learned by 
careful reposition of the iris to avoid the dangers arising from its incarceration. When 
this is done there is no need of making a large coloboma such as Von Graefe had 
described—indeed it is better to make the iridectomy as slender as possible. 

When at length surgeons again adopted the corneal section, they took the last step 
and operated entirely without iridectomy, as Daviel and Beer had done in former times. 

879. [Removal of a Dislocated Lens.—Dislocation of the lens into the anterior 
chamber is uncommon; dislocation into the vitreous is more frequent. Dislocation may 
occur in the course of a cataract extraction or as the result of accidental injuries; or, it 
may be spontaneous and in that case is sometimes congenital. 

A lens dislocated into the anterior chamber should always be removed. The lens 
if soft, can be needled and the fragments be removed by linear extraction. If the lens 
has a large hard nucleus, a sufficiently large incision should be made, through which 
the lens can be lifted out with a hook and spatula or wire loop. In order to prevent 
the lens slipping back through the pupil, the latter should be contracted with eserine. 

A lens dislocated into the vitreous causes trouble sooner or later. “When it does 
so it should be removed. In the ease of a lens dislocated after cataract extraction it is 
sometimes possible to expel it by Knapp’s method of making systematic pressure with 
the lower lid against the lower part of the sclera right toward the center of the eyeball 
(De Schweinitz). Otherwise, especially in the cases of spontaneous dislocation, in 
which the vitreous is usually fluid, the lens may either be lifted out with a delicate 
wire loop or lat (Smith) spatula, or be drawn out with a bident or double hook (Agnew) 
or with a not too curved sharp Tyrrell’s hook (Fig. 452, d). The hook, with which the 
lens can often be slid along the anterior wall of the vitreous chamber with but little 
disturbance of the vitreous, serves better than the loop, unless the lens has sunk to the 
bottom of the chamber, where the hook might readily become entangled in the tunics 
of the eye (Beard). In suitable cases the hook and spatula may be used simultaneously, 
traction being made with the one, while the lens is supported with the other. Before 
the attempt is made to remove the lens, the pupil should be dilated with atropine and a 
wide iridectomy made. Then in accordance with the recommendation of Paine, the depth 
of the eye should be fully illuminated with an electric light, placed a little above and 
to one side of the eye, and with a condensing loupe, so that the dislocated lens is visible 
in the vitreous—the operator standing so as to look down to the very bottom of the 
latter. In this way it has been possible to remove lenses in cases apparently desperate. 

A subluxated lens, such as is found after reclination as practiced in India, often 
floats up behind the pupil after a regular cataract incision is made, and may then be 
removed by slipping a spatula behind it and then sliding it up along this by pressure 
made on the cornea (Major Smith).—D.] 


III. Posrerior SCLEROTOMY 


880. In posterior sclerotomy (sclerotomia posterior) an opening 1s 
made in the posterior division of the sclera [so as to enter the vitreous 


chamber. |] 

The section should be meridional—i. e., run from behind forward, since this is 
the direction of most of the scleral fibers, and hence such sections gape the least, and 
besides with the incision in this direction the fewest cherioidal vessels are encoun- 
tered, since these too have mainly a meridional course (Fig. 154). The position of the 
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section must be chosen, so that neither an ocular muscle nor the ciliary body is injured. 
For the latter reason the section should not extend farther forward than at most to a 
point 6 mm. from the corneal margin. The indications for sclerotomia posterior are: 

1. Detachment of the retina.—A broad Graefe knife is thrust into that spot of the 
sclera which corresponds to the most prominent part of the detachment. As soon 
as the knife has penetrated the sclera and chorioid and into the <ubretinal space, it is 
turned a little, so that the wound is thus made to gape. We then observe the conjunc- 
tiva lifted up by the subretinal fluid which escapes from the wound, so as to form a 
yellowish vesicle. As soon as the fluid ceases to escape, the knife is withdrawn again. 

2. Glaucoma, when the anterior chamber is obliterated, and hence iridectomy 
has become technically impossible (cases of glaucoma malignum and glaucoma abso- 
lutum). The operation is performed in the same way as in detachment of the retina, 
except that instead of subretinal fluid some vitreous is withdrawn. Owing to the greater 
consistence of the vitreous it is usually necessary to make the section somewhat longer. 
After sclerotomy the anterior chamber is usually restored, so that an iridectomy can 
be performed later on. 

3. A meridional section of pretty great extent is made when extraction of a foreign 
body or of a cysticercus from the vitreous, is in question. [In this case it is well to add a 
small cross-cut at the end of the meridional incision, so as to give the latter a T-shape 
(Weeks). See § 881.—D.] 

[4. To divide a membranous cataract by scleronyxis (see page 990).—D.] 

[In doing a posterior sclerotomy it is advantageous to cover in the incision with a 
conjunctival flap. A quadrangular flap is made and laid back, and then the sclerotomy 
is made in the portion of sclera thus exposed. The conjunctiva being replaced covers 
in the puncture.—D.] 


IV. Removal or Foreign BoprEs FROM THE EYE 


881. [The removal of foreign bodies (including entozoa) presupposes 
a careful preliminary examination to determine the precise location of the 
foreign body. In some eases this can be done with the ophthalmoscope. 
Metallic foreign bodies can be located by radioscopy, and the presence of 
a magnetic metal can be detected by the magnet (see page 347).—D.] 

Tf the wound is still gaping and is large enough, we can pass a well- 
disinfected instrument in through it, and endeavor to grasp the foreign 
body. If the wound is not adapted for this procedure, either because 
it has already closed up or because it presents unfavorable conditions on 
account of its size or position, it is better to make a new wound, located 
in the cornea or the sclera, according to the situation of the foreign body. 
In placing it in the sclera, the region of the ciliary body must be avoided; 
the section must lie behind the latter, and is best made in a meridional direc- 
tion (i. e., running from before backward), since such wounds gape the least. 
Through the wound we enter with the instruments in search of the foreign 
body; but the operation of grasping and extracting it is often attended 
with great difficulty, and very frequently miscarries. The best prospect 
of success is afforded by foreign bodies in the anterior chamber, since we 
can be guided by sight in taking them out; also by fragments of iron, for 
whose extraction we employ an electro-magnet. 
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The attempt to remove the foreign body which has penetrated into the eye is often 
beset with great difficulties, and very frequently is unsuccessful. No fixed rules can be 
laid down for the procedures to be employed for this purpose, as almost every individual 
case has its peculiarities and calls for an operation devised specially for itself. 

The extraction of a chip of iron from the vitreous by means of a bar magnet intro- 
duced through an incision on the sclera was first performed by MacKeown (1874). 
Hirschberg constructed the first available elec- 
tro-magnet, which is the form now commonly 
employed. About a rod of soft iron is wound 
a spiral coil of copper wire, not too thin, the <_J@_ 
two ends of which are connected with a power- 
ful galvanic element. The ends of the iron rod, 
which project somewhat beyond the spiral, are 
a little bent and end in a blunt point, adapted 
for introduction into the interior of the eye. 
For this latter purpose we enter either through 
the wound itself, in case this is large enough 
and is still open, or we make an incision in a 
suitable situation in the cornea or sclera, ac- 
cording to the location of the foreign body. 
Now very powerful electro-magnets are used 
(Haab, and others). [Mellinger’s inner pole 
magnet is an electromagnet in the form of a 
ring big enough to contain the patient’s head. 
An iron rod brought into the center of the ring 
becomes magnetic and can be used to withdraw 
the foreign body.] Giant. magnets are not in- 
troduced into the eye, but are merely applied to 
it exteriorly, as they are able to attract even 
small fragments of iron when at some distance 
from them. They have the following advan- 
tages over the small magnets: (1) It is not 
necessary to make a wound in the sclera; (2) 
the situation of the fragment need not be 
known precisely; (3) even very small fragments 
can be removed in this Way [Fra. 459.—Haap’s Giant Maanet.—D.] 

It is not often that the point of entry (After Norris and Oliver.) 
of the iron chip is a proper place to apply 
the magnet to, in order to extract the fragment from the eye. Generally, it is better to 
place the tip of the magnet against the center of the cornea, so as to bring the fragment 
through the pupil and into the anterior chamber, from which it may then be removed by 
an incision made at the margin of the cornea (anterior operation). [This is the opera- 
tion of election when the foreign body is in the lens or iris. When it is in the vitreous, 
many prefer to withdraw it either by the giant magnet or the hand magnet through a 
T-shaped incision in the sclera as close as possible to the site of the foreign body as 
previously determined by radioscopy. If the situation of the foreign body is determined 
accurately, so that the minimum of traumatism is produced in removing it, and if 
conjunctival flaps are used, this posterior method appears to give good results. In 
certain cases when the foreign body does not yield to the magnet, Jackson connects 
the latter with a pair of sharp scissors, whieh, being thus rendered magnetic, is 
introduced into the wound and is used both to tunnel a way to the foreign body and to 


withdraw the latter when detached.—D.] 


I 
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CHAPTER VI 
OPERATIONS UPON OCULAR MUSCLES AND ORBIT 


I. SquINT OPERATIONS 


(a) Setting Back of an Ocular Muscle (Tenotomy). 


882. Technique.—Tenotomy is performed upon the internal or exter- 
nal rectus; less often, upon the other ocular muscles. 

Tenotomy of the internal rectus by Arlt’s method is performed 
as follows: The conjunctiva on the nasal side of the cornea is lifted up 
with a fixation forceps so as to form a horizontal fold in which a vertical 
cut, situated about 4 mm. from the margin of the cornea, is made with 
a single snip of the scissors. The incision is then enlarged upward and 
downward, and the conjunctiva to the nasal side of it is undermined. 
Starting from the wound, the fixation forceps is passed inward till it reaches 
the tendon, which is grasped, drawn somewhat away from the eyeball, 
and divided close to its insertion in the sclera. For this purpose a small 
pair of curved scissors is used, the blades of which should have blunt points, 
so as not to stick mto the sclera. [It is more usual to follow Von Graefe’s 
method of operating. In this an incision about 10 mm. Jong is made through 
the conjunctiva at right angles to the tendon and right over the insertion 
of the latter. A buttonhole is made in Tenon’s capsule above or below the 
margin of the tendon and close to its insertion, and through this hole a squint 
hook is mserted beneath the tendon and raised so as to lift the latter away 
from the sclera. The tendon is then divided close to the hook with the 
scissors.—D.| 

After dividing the tendon the next thing to do is to see whether there 
are not some strands of tendon still remaining at its upper or lower border. 
A squint hook (Tig. 460, a) is accordingly passed in beneath the tendon 
and is carried upward and downward so as to explore all parts, the inten- 
tion bemg to catch up upon the hook any fibers that may chance to be 
imtact and then to divide them. 

After the division of the tendon has been completed, a test must be 
made of effect of the operation, which should be neither excessive nor 
insufficient. We first (1) make the eye that has been operated upon 
turn toward the side of the divided muscle. If the tendon has been cut 
through completely, there must be a considerable diminution of the motility 
inward. If the eye can be turned inward as well as it could before the oper- 
ation, this proves that some strands of the tendon have remained undivided. 
As in this case the result of the operation would be nil, these fibers must 
be sought out with the hook and divided. On the other hand, the diminu- 
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[Fia. 460.—INsTRUMENTS FOR TENOTOMY, ADVANCEMENT, AND EXNUCLEATION, 

a, squint hook for picking up the tendon and putting it upon the stretch. b, Stevens’s s 
tenotomy hook, used especially in performing partial tenotomies. c, Bruns’s modification of Clark’s 
hook for tucking-advancement. d, strabismus forceps for taking up conjunctiva and tendon in the 
button-hole operation. e, Stevens’s tenotomy scissors, with cutting edges near the end. f, straight 
probe-pointed scissors. g, heavy scissors for dividing the optic nerye in enucleation. h, Prince’s for- 
ceps for holding the tendon securely in advancement. Similar in principle is Reese’s forceps used in 
resection. Other instruments used are a spring speculum or Desmarre’s retractor, for holding the lids 
open, and a fixation forceps (Fig. 400). A delicate needle holder and curved needles are also required 
for stitching the conjunctiva, and, in the case cf advancement, for suturing the tendon.—D.,] 
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tion in motility may be too great, in case we have not only divided the 
tendon, but have also loosened up too much its connections with Tenon’s 
capsule. In this event the effect of the operation must be decreased, the 
tendon which has slipped back too far being reattached further forward 
with stitches. (2) We make the patient fix his gaze upon the finger held 
in front of him, and then keep bringing the latter nearer and nearer to 
his eyes. After a properly performed tenotomy of the internus, a converg- 
ence to at most 12 cm. should be still possible. If the eye that has been 
operated upon halts in its movement of convergence before it reaches this 
point, this argues an excessive effect of the operation. The working ca- 
pacity of the internus is then so greatly weakened that we should have to 
fear the subsequent development of a divergent strabismus. In this case 
also the effect of the operation has to be reduced again. [3. A more accu- 
rate way—and for heterophorias and operations on the vertical muscles 
the only satisfactory way—of testing the effect of an operation consists 
in prismatic measurements of the deviation for distance and near by the 
screen, parallax, and, if binocular vision is present, by the Maddox rod 
and phorometer, or red glass (see pages 767-771). The deviation is deter- 
mined by these means before the operation and repeatedly during the 
operation, which is carried on by cautious division of the lateral attach- 
ments of the tendons until a satisfactory result is secured. By these tests 
we can measure to within 1A or less of the actual deviation.—D. | 

The extent to which the strabismic deflection is corrected by the oper- 
ation is a matter of but secondary importance. In fact, when the deflection 
is great, the correction can not possibly be secured by a single tenotomy. 

When, by testing in the manner given, the effect of the operation is 
discovered to be satisfactory, the operation is finished by uniting the 
conjunctival wound with a suture. 

The operation can be rendered nearly painless if, besides instilling 
cocaine and adrenaline before the operation, some cocaine solution is injected 
beneath the conjunctiva at the spot where the tendon is divided. [This, 
however, sometimes puffs up the tissues enough to obscure the proper 
relations of the parts.—D.] 

Tenotomy of the external rectus [and also of the superior and inferior 
recti] is performed in an analogous fashion. We must simply bear in mind 
that the insertion of these muscles lies farther from the cornea than does 
that of the internus [see page 714]. 

[In tenotomy of the external rectus, we usually wish to secure a very 
thoroughgoing effect, and unless this is accomplished and a moderate pri- 
mary over-correction obtained, the after results are apt to be disappointing. 
It is usually well to get as the immediate result of the operation a slight 
limitation in outward movement, but this should not exceed 1 or 2 mm. 
In tenotomy of the superior and inferior recti great care must be taken 
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not to produce even a slight over-correction and in no event to make very 
extensive division of the lateral bands attaching the tendon to the sclera. 
Otherwise a complete paralysis of the muscle may be produced which is. 
pretty hard to remedy. This paralysis may occur long after the operation. 
Tenotomy of the inferior rectus should in general be avoided, as the results. 
of cperation on this muscle are particularly uncertain and paralysis of it- 
causes greater discomfort to the patient than that of any other muscle, 
since it gives rise to confusing diplopia in looking down, i. e., in the habitual 
direction of the gaze.—D.] 

[It is possible to tenotomize the swperior oblique by dividing the reflected 
tendon through a cutaneous incision in the brow. Tenotomy of the inferior 
oblique is done by dividing the tendon of origin of the muscle through a 
cutaneous incision 15-20 mm. long, made at the lower inner angle of the eye: 
just below the lachrymal sac. The incision is carried down to the bone, and 
the orbital septum is divided just where it joins the lower and inner margin 
of the orbit. A squint hook is swept inward along the floor of the orbit 
with its point directed upward and inward until it engages the tendon. 
The latter, which is more or less buried in fat and fascia, is completely 
divided with the scissors. The effect is a complete paralysis of the muscle. 
—D.] 


Tenotomy of an ocular muscle was first tried by Strohmeyer upon the cadaver 
and some years later (1839) was performed by Dieffenbach upon the living subject. 
Dieffenbach did not divide the tendon, but the belly of the muscle. Hence, it not 
infrequently happened that the posterior halt of the muscle retracted so far that it 
could never again become attached to the eyeball. The divided muscle was then com- 
pletely paralyzed, and when the operation had been performed upon a convergent 
strabismus, the latter was transformed into a marked divergent squint. Owing to 
such bad results, the operation gradually fell into such disrepute that surgeons were 
on the point of giving it up again. Then Bohm proposed a new and improved method, 
namely the division of the tendon as we practice it now. Von Graefe added to this 
the method of regulating the operation with precision, showing how its result could 
be increased or diminished. 

[Some use Critchett’s subconjunctival method. In this the tendon is not exposed 
by a long conjunctival incision, but a buttonhole is made in the conjunctiva and cap- 
sule above or below the tendon and just beyond its insertion. (Thus in a tenotomy of 
the internal rectus it would be made at a point 6 or 7 mm. to the inside of the cornea. 
and on 2 level with the lower corneal margin.) Through this hole a hook is inserted. 
beneath the tendon, and on this the tendon is divided by scissors passed beneath the 
conjunctiva. No sutures are necessary. The translator prefers the open method. 
described in the text.—D.] 

[In Snellen’s subconjunctival tenotomy a buttonhole is made through conjunctiva, 
capsule, and tendon in the middle of the latter and just beyond its insertion. Starting 
from this hole the tendon is divided upward and downward by the scissors carried 
underneath the conjunctiva. This method was used by Stevens in his partial tenoto- 

ies (s 3), =D. 
ae ce dae ees to Pe a large effect, especially in operating on the external 
rectus, we may divide the tendon 2 or 3 mm. beyond the insertion. As it is possible in 
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this way to cause a complete paralysis of the muscle, it is well to insert a stitch in the 
tendon before dividing it, so that if an undue effect is produced it can be remedied at 
once by drawing the tendon up again until only a moderate impairment of the rotating 
power of the muscle is left. This is a good precaution in tenotomy of other muscles 
especially the superior and inferior recti.—D. | ; 

» [When a tenotomy is done merely to relieve a temporary strain on the opposing 
muscle (as in advancement of the latter when we wish the stitches to be subjected to 
no extra pull), it should involve simply the insertion without going into the lateral 
attachments or producing any real impairment of rotation in the muscle tenotomized. 


— 


883. Method of Action.—Tenotomy acts by displacing the insertion of 
the divided muscle to a spot situated farther back. The divided tendon 
glides back upon the sclera and forms a new attachment to the latter. 
Owing to the fact that the insertion of the muscle now lies farther back, the 
effect of the latter upon the eyeball is permanently impaired. 


How does tenotomy of a muscle weaken the latter? Let us assume that a tenotomy 
has been performed upon the right internus for right convergent strabismus. The 
right external rectus; which was stretched and elongated as a result of the convergent 
squint, now tends to return to its normal length. Hence, after the division of the ten- 
don of the internus, the externus draws the eye outward, and thus diminishes the 
strabismic deviation. In proportion as the eye thus rolls outward, the tendon of the 
internus glides backward over the sclera. This retraction is increased by the elastic 
contraction which every divided muscle shows: hence, the tendon of the internus 
lies farther back upon the sclera, and becomes attached there anew. The insertion 
of the muscle is thus approximated to its point of origin at the optic foramen, and the 
muscle is shortened. Before being divided, the muscle in its relaxed state had a cer- 
tain length, from which by its contractile force it was able to shorten down to a cer- 
tain minimum. After the division this minimum remains the same, but the length 
of the muscle in the state of relaxation is less; hence, the difference between the state 
of rest and of maximum contraction is diminished. But this difference corresponds 
to the power of adduction of the eye, which, accordingly, is permanently reduced after 
the tenotomy. We can readily convince ourselves that, after an operation, the eye 
cannot be brought inward as far as it could before; indeed, it is from this fact that we 
determine whether the operation has been successful. 

It is hence clear that the correction of the faulty position due to the squint is 
purchased at the expense of the adduction. In fact, the loss in the motility inward 
is always greater than the gain in the position of the eye. The former loss is of no 
moment in cases in which the adduction is greatly increased. Here, even if this is re- 
duced by the operation to a point somewhat below its mean value, this reduction would 
still fail to become noticeable except when the eyes were in the extreme lateral posl- 
tion. But the case is different when the attempt is made to correct a marked stra- 
bismic deflection by a very thoroughgoing tenotomy of the internus, with which there 
would necessarily be associated a considerable diminution of the power of adduction. 
We would then, it is true, have the eyes in a correct position while the gaze is directed 
straight forward; but as soon as the patient wished to look toward the side where the 
tenotomy had been done (e. g., in the ease of right convergent strabismus, to the left) 
the eye that has, been operated on would not be able to follow the movement properly. 
In this direction of the gaze divergent strabismus would appear just as in the case of a 
paralysis of the internus. We should not therefore try to correct a marked strabismic 
deviation by making the tenotomy more extensive, but should increase the effect by 
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a simultaneous advancement of the external rectus. It is still better to distribute the 
operation between the two eyes. In this case we ought not to operate on the second eye 
at the same time with the first but should operate some weeks later, when we can form 
some sort of idea as to the permanent effect of the operation on the squinting eye. 

In tenotomy the setting back of the tendon is mainly due to the fact that after 
the latter is divided its antagonist draws the eye toward its own side. The effect of a 
tenotomy, therefore, depends essentially upon the condition of the antagonist of the 
contracted muscle. The more powerful this is, the greater will be its ability to bring 
the eye into correct position after the division of the contracted muscle. But for the 
force of the muscles we have a sure gauge in the amovni cf the lateral excursion 
(abduction and adduction). [If the muscular power is normal, the outer rim of the 
cornea should reach the external canthus in abduction, and the inner rim of the 
cornea the caruncle in adduction. We should determine the abduction and adduc- 
tion in this way and also the absolute or relative near point of convergence (pages 775,. 
776)| before every squint operation; since by these means we can predict approximately 
the effect of the tenotomy. 

884. Restriction of Effect.—lf the effect of a tenotomy should turn out to be too 
great, there are the following means at our command to diminish it:-— 

1. When the suture is applied that is designed to close the wound in the conjunc- 
tiva, a wide and deep grasp is taken upon the conjunctiva, so that the needle is passed. 
through Tenon’s capsule as well. Then, when the knot is drawn tight, the tendon 
is drawn forward a little along the conjunctiva. 

2. If it is apparent that the divided muscle has suffered too great impairment 
of its action, its end must be grasped and attached again farther forward by means 
of threads. This event occurs when the connection of the muscles with Tenon’s capsule 
has been loosened to too great an extent, or when the operation has been done for a 
very slight strabismic deviation. In cases of the latter kind the attempt has been made 
to modify the tenotomy, so that its action shall be very slight, this being effected by . 
leaving some fibers of the tendon undivided. (Partial tenotomy—-see below.) 


885. [Partial Tenotomy and Tendino-extension.— Differing in method 
of action from a total tenotomy are the various forms of partial tenotomy. 
In these the intention is to divide most of the fibers of the tendon in such 
a way that the tendon without losing its primitive attachment shall elongate 
somewhat and thus become more slack. 


Von Graefe in 1861 did partial tenotomy by making a central buttonhole in the 
tendon, carried nearly to the edge of the latter; and also by making a erdee-ewl in the 
tendon involving one edge and nearly the whole width. Stevens, adopting Von Graefe’s 
first procedure, and operating subconjunctivally after Snellen s method (page 1011), 
made very extensive use of partial tenotomy in heterophoria. Other methods consist 
in making two cross-cuts in the tendon, one on each edge, opposite each other, and enon 
involving one-third the width of the tendon (Ziegler); a pair of such aioe ots Uspamiey: 
a pair of such cross-cuts combined with a central buttonhole (Verhoeff) ; ae a 
cuts, one on each edge, but not opposite (Todd)." Ziegler now Coninpe. shy 
eross-cuts according to his original method with a paring down of the central bridge 
of tendon, continued until the desired effect is attained.—D.] | 

[According to the translator’s experience, the central buttonhole operation ae 
duces no material nor permanent effect unless the ee is made practically se ‘ 
i. e., severs the whole insertion. The graduation of the effect in this case is gotten by 


ese methods are n yen in i s Ziegie ints adie followed 
Th thod e not give chronologica! order. As Ziegier points out, Abadi 
V Pt and Stevens Radio aliage being succeeded in turn by Ziegler, Verhoeff and Todd.—D.]} 
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cautious division of the lateral attachments until the desired result as determined by 
repeated testing is obtained. With the other methods of partial tenotomy he has had 
no experience.—D.] 

[Partial tenotomy is doné in low degrees of squint and in heterophoria of moderate 
amount. It seems to the translator that it should be restricted to tenotomies of the 
superior and inferior recti (pages 1022, 1023). In esophoria and esotropia ot low degree, 
advancement (resection, or tendon tucking) of the external rectus should be done in- 
stead of a partial tenotomy of the internal rectus; and when tenotomy of the external 
rectus is indicated at all, it had better be complete (see pages 1010, 1011, and 1022). 
—D.] 


886. Results.—The immediate result of tenotomy is greater usually than 
it is found to be afterward. The more solid the union which the divided 
tendon forms again with the sclera, the stronger is the action which it can 
exert, and thus the effect of the operation diminishes in the succeeding four 
or six weeks. 


As regards the final result, cases behave differently. The most frequent outcome 
is that the effect of the operation increases somewhat in the first few days, then dimin- 
ishing again, and ultimately becoming less than it was directly after the operation. 
Sometimes the diminution proceeds so far that the effect of the operation almost com- 
pletely disappears and the operation has to be repeated. This is particularly apt to 
be the case in divergent strabismus, but it also occurs in convergent strabismus when it 
has been operated on simply by advancement. In an operation by tenotomy the 
reverse frequently occurs—i. e., the effect slowly but steadily increases until finally 
divergent strabismus supervenes. [This may take place even years afterward.] Such 
‘a divergent squint has a specially ugly look, much more so indeed than a convergent 
isquint which has recurred after an advancement. Unfortunately, it is impossible, 
either before or directly after the operation, to foresee with certainty which of these 
occurrences is going to ensue, so that we cannot at once take measures to combat them. 

[Over-effect after tenotomy may be due to mangling of the tendon which makes 
it curl up and adhere to the conjunctiva instead of the sclera or which produces other 
untoward results. It is also apt to occur when a muscle is tenotomized for the second 
time. Re-operation on the same muscle should be avoided when possible, as the results 
are always uncertain.—D.| 

Among the unpleasant results that sometimes accompany tenotomy is sinking 
an of the caruncle, which looks as it it had been drawn far back. This oceurs only after 
tenotomy of the internus, and is due to the fact that the muscle as it retracts draws 
the conjunctiva of the inner half of the eyeball after it. This can be prevented if the 
conjunctival wound is closed with a suture and the conjunctiva thus kept in its proper 
place. 

Impairment of the cosmetic result may also be produced by exophthalmus. This 
arises from the fact that after division of one of the recti the eye is not retracted into 
the orbit with as much force as formerly. For the same reason a slight degree of 
exophthalmus is observed not infrequently in paralyses of the reeti. The exophthalmus 
cannot be removed but when it has a disfiguring effect it ean be concealed, for in 
exophthalmus of such a slight degree as is here the ease the conspicuous thing is not so 
much the protrusion of the eyeball as the inerease in size of the palpebral fissure which 
is caused by the protrusion, and this latter defect ean be corrected by shortening the 
palpebral fissure at the outer ang'e of the eye (tarsorrhaphy). [In many cases what occurs 
is not an exophthalmus but simply a dilatation of the palpebral fissure due to retraction 
of the lid. For as the divided tendon recedes it pulls the lid back, too, by means of 
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the slip of fascia attaching it to the latter. This retraction is particularly marked 
after tenotomy of the superior and inferior recti. Per contra, after advancement of 
these muscles the palpebral fissure is contracted (see page 656).—D. | 

During the after treatment of a squint operation there is formed not infrequently 
a nodule of granulation, growing out of the sclera at the site of the conjunctival wound. 
Subsequently this becomes constricted at its base and ultimately falls off. It may also 
be snipped off readily with the scissors. 

Serious accidents, such as suppuration of the wound, exudation into Tenon’s 
space with protrusion of the eyeball, and actual panophthalmitis, can occur only when 
the wound has been infected during the operation. At the nresent time these accidents 
are among the greatest of rarities. If we should perform the operation with a sharp 
pair of scissors, and at the same time are dealing with an unruly patient, it may happen 
to us to perforate the sclera. If the operation has been performed aseptically, this 
accident will, as a rule, pass over without producing any bad results. In general, the 
squint operation, if caretully performed, may be said to be perfectly free from danger; 
and it is one of the operations for which patients (especially those of the female sex) 
are most grateful. 


(b) Advancement of an Ocular Muscle 

887. Technique.—|The term advancement may be applied in a general 
sense to any operation designed to enhance the action of an ocular muscle. 
A great many advancement operations have been proposed. They aim to 
effect their object either by attaching the tendon further forward, so as to 
increase the arc of contact of the muscle with the eyeball-and also put the 
muscle itself more on the stretch (advancement proper); or by shortening 
the tendon and so putting the muscle on the stretch. Shortening the 
tendon may be effected either by cutting a piece out of it (resection) or by 
making a permanent fold in the tendon (tucking or folding operations). 
In some of the operations two of these methods are combined.—D.]| 

{In all methods of operation the tendon should be fully exposed by a transverse 
incision not less than 12 mm. in length, and should be completely freed from any 
attachments to the sclera or other part, that might prevent its assuming the position 


required. Especially should the attachments to Tenon’s capsule be divided by inci- 
sions carried well back along either margin of the tendon.—D.] 


[(1) Advancement Proper.—In this the tendon is divided at its inser- 
tion, brought forward into a pocket made between the conjunctiva and 
sclera, and sewed to the latter close to the cornea. In doing this it is impor- 
tant not only that the conjunctiva should be dissected freely to form the 
pocket, but that all adventitious tissue in the latter that might interfere 
with a firm attachment of the tendon should be removed (Worth). Of the 
many methods employed we may mention the following.—D.] 

(a) Suppose that the case is one of strabismus convergens. In this case 
the external rectus would be advanced in the followmg way: ‘The conjunc- 
tiva over the tendon of the external rectus is divided horizontally, and is 
dissected up both over the tendon and aiso as far forward as the margin of 
the cornea. The tendon, being thus exposed, is picked up on a squint hook 
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which is passed beneath it, and two double-armed threads are passed 
through the muscle as far as possible behind its insertion. One of the 
threads is passed beneath the upper, the other beneath the lower border of 
the tendon, and the latter is transfixed from behind forwards at about the 
middle of its breadth. The muscle is now divided right in front of the 
sutures, and the most anterior portion of the muscle, which still adheres at 
the muscular insertion, is cut off. The other ends of the threads are now 
attached to a point near the nasal margin of the cornea, the needles being 
carried vertically,i.e.,in a direction tangent to the corneal margin and close 
to the latter, through the superficial layers of the sclera. Then the upper and 
lower threads are tied separately. The tighter the threads are drawn, the 
farther is the muscle carried forward—even, in fact, up to the corneal 
margin. In this way the effect of the operation can be regulated. 

[(6) A method which the translator has found to give excellent results 
is the single-stitch operation of Oliver (Fig. 461 A). 

After exposing the tendon, a buttonhole is made in Tenon’s capsule 
just above the tendon. A squint hook is passed through the hold and under 
the tendon, hugging the insertion. As the point of the hook emerges from 
beneath the lower side of the tendon, a buttonhole is cut over it in the 
capsule, so that the point comes through. A Prince’s forceps (Fig. 460, h) 
is then substituted for the hook and is locked. The tendon is now divided 
right in front of the forceps, i. e., at the very insertion. Then the tendon 
is lifted away from the sclera and its lateral and inferior attachments are 
thoroughly divided, so that it can play freely backward and forward. 
Both needles of a double-armed thread are passed through the tendon well 
back and from within outward (at g,h) so as to include a good bit of its — 
breadth in a loop, the bight of which is on the under surface of the tendon; 
then are carried under the conjunctiva and through the episclera, emerging 
close to the cornea some millimetres apart (at7zandZ). Then tKe small 
porticn in the grasp of the forceps is excised, (or, if a greater effect is de- 
sired, a larger portion of the tendon is resected) and the two ends of the 
looped thread are gradually drawn tight so as to slide the tendon forward 
under the conjunctiva. The two ends are then tied together with a half 
hitch, and the result tested. If this is insufficient the knot is tightened, 
and when the result is satisfactory is tied securely —D.] 

[(c) Worth’s operation.—A curved incision with its convexity toward 
the cornea is made through conjunctiva and Tenon’s capsule (Fig. 
464 F). The external lip of the wound, including conjunctiva and cap- 
sule, is pushed back so as to expose the insertion of the tendon. A Prince’s 
forceps is introduced with one jaw beneath the tendon, the other outside 
the outer lip of the wound so as to include in one grasp the tendon near 
its Insertion and the cut edge of the capsule and conjunctiva. The tendon 
bemg thus securely held, is divided with its attachments close to its in- 
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[Fia. 461.—ApVANCEMENT OprRartions. In part after Haab.] 


A. Single stitch advancement.—ab, inner lip of the wound in the conjunctiva; cd, tendon stump; 
ef, detached tendon; g, h, points of emergence of the two branches of the loop, the bight of which is 
on the under surface of ef; i, /, points of emergence of threads after passing over ef and cd and under ab; 
h, m, free extremities of threads, afterwards tied. See for description, page 1016. 

B. Reese's resection.—a, b, two arms of the central stitch. These form a loop, the bight of which 
is on the under surface of //, the detached tendon. cd, ef, lateral stitches; hi, tendon stump. See text. 

OC. Prince's operation.—A thread, designed to act as a pulley, is passed through the conjunctiva 
and episclera at the corneal margin and in a direction tangent to the latter. The tendon is then grasped 
and separated in the manner described on page 1015, and the two needles of a double-armed thread are 
passed from within o tward through tendon, capsule, and conjunctiva, thus forming a loop on the 
under side of the tendon. One of the free ends is laid across the pulley stitch, which, as shown in the 
figure, is then tied over it. Traction is made until the tendon is in the proper position, and the free 
ends are then tied, one being under, the other over the pulley stitch. 

, BE. Verhoeff’s operation.—The tendon is grasped with a Prince’s forceps and detached from its 
connections as described on page 1015. <A double-armed stitch is introduced into the sclera (previously 
exposed) at a d stance of 1 mm. from the cornea and is passed for'some 6 or 8 mm. through the super- 
ficial layers of the sclera in a direction at right angles to the axis of the tendon (vertical dotted line in 
Fig. D). The needle is reintroduced at the point of exit and carried a short distance in the sclera hori- 
zontally outward toward the tendon. The same is done with the other needle. Both needles are then 
passed through the tendon (Fig. D), the tendon is brought forward with the forceps (Vig. #) to the 


proper point, and the stitches are tied. 
BF. Worth’s operation.—D.] 
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sertion. A single-armed suture is passed in through conjunctiva, capsule, 
and tendon, at a and out through capsule and conjunctiva at b. A simiiar 
suture is passed in at c and brought out at d. The ends at ¢ and d are 
then crossed so as to make a half hitch, and the end with the needle is entered 
again at e, carried under the tendon to the cornea, and brought out at g. 
The same is done with the upper stitch which is brought out at h. Before 
the stitches are passed forward to the cornea the outer lip of the wound, 
including the strip of conjunctiva, capsule, and tendon in the grasp of the 
forceps, is excised. The end at g is tied to the long end left at ¢ and 
the end at h to the end at a. Conjunctiva, capsule, and tendon are thus 
brought forward together.—D.] 


Advancement was first performed by Guérin and soon after by Von Graefe. The 
latter proposed the procedure known as the thread operation. This is distinguished 
from the method first described only in the following particular: The contracted 
muscle is not divided directly at its insertion, but somewhat behind it, so that a short 
portion of the tendon remains upon-the sclera. Through this portion a thread is passed 
by means of which the eyeball can be drawn as far as desired toward the opposite side. 
After the operation has been finished, the ends of the thread are fastened in the vicin- 
ity of the eye by means of adhesive plaster, so as to keep the eyeball in the position 
desired. In this way both the effect of the operation is increased and the tension upon 
the muscle that has been advanced is lessened. [A similar operation is advocated by 
Gruening for reinforcing the effect of bilateral tenotomy of the external recti in divergent 
squint. A stitch passed through each tendon stump is tied over the nose and drawn tight 
so as to place both eyes for twenty-four hours in a position of extreme convergence.—D.] 

[Prince’s method is shown in Fig. 461 C, Verhoeff’s in Fig. 461 D and E.—D.] 

(2) [Resection.—Of the resection operations the best is that devised 
by Reese (Fig. 461 B). In this after the tendon has been, exposed and 
separated from the conjunctiva and from the fascial attachments on either 
margin, the Reese muscle forceps (which resembles a Prince’s forceps) is 
passed with one Jaw over and one jaw under the tendon, 3 mm. from the 
insertion of -the latter, and is clamped. The tendon is divided 1 mm. 
from its insertion so as to leave a stump, hi. Both needles of a heavy 
double-armed suture, ab, are introduced through the tendon from beneath, 
so as to form a loop, 2 mm. broad on its under surface, and are brought 
out through the conjunctiva at the outer lip of the wound. To reinforce 
this central suture, single-armed lateral sutures, cd and ef, are intro- 
duced, one above, the other below. These are entered in the conjunctiva 
at the outer lip of the wound a little above and below the points of emer- 
gence of the central suture and are then passed down through the upper 
and lower margins of the tendon, respectively. First the central suture, 
then the lateral sutures are passed beneath the tendon stump, then made to 
transfix the latter, then brought out through the conjunctiva on the inner 
lip of the wound (see Fig. 461 B). All three sutures are tied (a to b, ¢ to d, 
e to j.—D.] / 
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(The tendon stitches after an advancement or resection shouid be left in at least a 
week, and it is expedient to bandage both eves for five or six days. Worth leaves his 


stitch in ten days and keeps both eyes bandaged all this time. Reese leaves his central 
stitch in 10 to 14 days —D.] 


888. (3) [Tendon folding.—In one variety of this operation the tendon 
is shortened by making a permanent tuck in it with some suitable instru- 
ment (Savage, Valk, Todd). A combination of tucking and advancement, 
devised by Bruns, gives excellent results. 


In this the modified Clark hook (Fig. 460, c) is used. ‘This hook has a middle 
prong which can be set below the level of the side prongs or raised above the latter to 
any desired extent. The tendon is exposed in the usual way, and the hook with its 
middle prong depressed is inserted in such a way that the middle prong is beneath, the 
side prongs above the tendon. The instrument is swept along the tendon to free it 
from any adhesions to the sclera. Then, keepingthe hook 6or7 mm. out from theinsertion 
of the tendon, the operator by turning a screw in the handle of the instrument gradually 
raises the middle prong, carrying a fold of tendon with it. When this tuck is raised to 
the desired height, the center of its base is transfixed by a needle in the middle of a 
long slender thread. The needle being drawn well through is cut off, leaving the ten- 
don thus transfixed by two threads, each of which is then tied down over 
the corresponding edge of the tuck. This keeps the latter from flattening 
out when the hook is removed. Through an eye in the center prong of the hook 
a thread is carried, so that when the hook is withdrawn, the thread remains behind in 
the bight of the tuck. This thread, being armed at each end with needles, is passed 


forward into the episcleral tissue near the cornea and tied, thus laying the tuck flat 


and advancing it at the same time. By the amount of this advancement the effect of 
the operation can be regulated.—D.] 

{In O’Connor’s operation the tendon is split by blunt dissection into a central and 
two outer strands. The central strand is separated from the insertion and laid back. 
Then a catgut loop is passed round each outer strand and tied, the result being that the 
strand is pursed up and shortened in much the same way that a saddle girth is 


cinched.—D.] 

889. Mode of Action.—By advancement the insertion of the muscle 
is brought nearer the cornea, and thus there is given to it more power 
over the eye. The farther back the threads are passed through the muscle, 
and the farther forward the anterior end of the latter is attached, the greater 
is the effect of the operation. Later on, however, the effect diminishes, 
for which reason we gauge the operation so as to get a primary over- 


correction. 

{In resection and tendon-tucking the shortening of the tendon renders the muscle 
taut and thus increases its effectiveness.—D.] Pky 

[Worth finds that in the operation as he performs it no primary over-correction is 
required—the primary effect in this case being also the permanent effect. This seems 
also to be the case with the Bruns tucking-advancement.—D.] a 

[Advancement not only reinforces the action of the muscle operatea on, but, if ex- 
also hampers the action of the opponent—sometimes toa marked degree. This 
ar importance in advancement of the superior rectus, which may 80 restrict 
to produce considerable and annoying diplopia in 


tensive, 
is of particul 
the action of the inferior rectus as 
the lower part of the field of fixation.—D.] 
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890. Indications for Squint Operations.—The correction of a faulty 
position due to squint and the displacement of the range of lateral move- 
ment of the eye in favor of abduction or adduction may be obtained either 
by tenotomy of the shortened, or by advancement of the elongated muscle. 
In tenotomy we weaken the muscle operated on, and the effect is like that 
of a paresis of the muscle; the range of lateral movement as a whole is 
diminished. By advancement we heighten the functional capacity of the 
muscle concerned and enlarge the total range of movement. Tenotomy 
involves the danger that, in consequence of the weakening of the muscle, the 
eye may gradually go too far toward the opposite side, so that a strabismus 
convergens may be transformed into a strabismus divergens—a thing which 
may occur years after the operation. In advancement this danger does not 
exist. Advancement, therefore, is preferred to tenotomy. That neverthe- 
less tenotomy is more often done in practice is due to the fact that advance- 
ment is a more complicated operation requiring experience and good assist- 
ance as well as a rigorous after-treatment. Yet, thanks particularly to the 
efforts of Landolt, advancement is gaining more and more adherents all the 
time. [Advancement, however, also has its dark side. The results are more 
difficult to estimate than those of a tenotomy and the final result often 
differs materially and by an uncertain amount from that immediately 
obtained. In particular, an effect which is good at first and which remains 
so for some time may months afterward diminish so that the operation 
proves insufficient. Again, if the stitches tear out or the adhesions give 
way, the tendon may slip far back, so that the original deviation is made 
worse than ever. Finally, advancement may cause trouble by hamper- 
ing the action of the opponent to the muscle advanced. See § 889.—D.] 

Of the several varieties of imbalance 

1. Comitant strabismus affords the most important and frequent indi- 
cation for the squint operation. In strabismus convergens the operation is 
indicated in all those cases in which thoroughgoing and protracted orth- 
optic and refractive treatment shows that they cannot be cured in a non- 
operative way. With regard to the operation we must bear in mind that 
the squint really affects both eyes, since the internal rectus is contractured 
in both (see page 789). Hence it is only in the less-marked cases (below 
25° = 5 mm. of strabismie deviation) that it suffices to operate on the 
squinting eye alone. When the deviation is greater, the other eye also 
must be operated on. Accordingly, we must estimate the amount of 
strabismic deviation accurately before the operation. Furthermore we 
ought to measure the lateral excursion of the eye, 1. e., the adduction and 
the abduction, and the convergence near-point, absolute or relative, since 
upon these measurements the selection of our method will depend. Simple 
tenotomy of the internal rectus is allowable only when a marked increase 
in the adduction coexists with nearly normal abduction. Otherwise ad- 
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vancement of the external rectus in one or both eyes is indicated. When 
the deviation and with it the increase in the adduction are particularly 
marked, the advancement of the external rectus may be combined with 
tenotomy of the internal rectus. 


There is no harm done, if, in order to prevent a divergence of the eyes’ developing 
some considerable time after a successful operation, there is Jeft a slight amount of 
inward squint imperceptible to the laity. This disappears under the use of the proper 
convex glasses which are required by the hypermetropia, whi-h is usually present. [If 
there is any tendency to divergence we may have to under-correct the hypermetropia. 
By so doing we call upon the patient to use some extra accommodation and with it 
an extra converging effort which will oppose the tendency of the eyes to diverge. See 
remarks on page 781.—D.] If the eye which formerly squinted is not too amblyopic, 
we also institute exercises in binocular vision by means of the stereoscope [converging 
and diverging prisms, and the amblyoscope], partly in order to prevent a return of the 
squint, partly to abolish the slight residual convergence. [These are serviceable even 
when the amblyopia is considerable, and the amblyopia itself can often be helped by 
systematic exercise of the vision (see page 793).—D.] 


In strabismus divergens we have to deal,not with a contracture of the ex- 
ternal rectus, but with a weakening of the internal rectus. The latter must 
be strengthened, and hence an advancement of the internal rectus is always 
indicated. As arule, this must be combined with a tenotomy of the external 
rectus, if the effect is to be sufficient. Moreover, the indication in this 
operation—in contradistinction to that for strabismus convergens—is to 
secure with it a decided over-correction, since the effect of the operation 
often diminishes pretty markedly in the course of time. 

That form of strabismus divergens which has developed out of a stra- 
bismus convergens after too free a tenotomy is associated with considerable 
weakness of the severed internal rectus and hence always requires a 
thoroughgoing advancement of the latter with simultaneous tenotomy of 
the external rectus. [Divergent squint is not always by any means due 
primarily to weakening of the internal rectus. It often starts as a diverg- 
ence-excess (see page 785) and then, the squint may often be best relieved 
by a simple tenotomy of one or preferably both external recti. The cases 
suitable for this operation are those in which the power of inward rotation 
of the squinting eye is still good, the convergence near-point approximately 
normal, the deviation decidedly more marked for distance than for near, 
and the diverging power, measured by prisms, very large. This seems to be 
true even of some cases of divergence after tenotomy, although, as the author 
says, these cases practically always demand advancement.—D.] 

[Before correcting a lateral squint, whether convergent or divergent, it 
is important, especially in children, to ascertain whether there is any con- 
siderable vertical deviation present. Such vertical deviation is often due to 
congenital anomalies, and is the cause of the lateral squint (see page 788). 
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The latter then is not readily remedied unless the vertical deviation that is 
the cause of it is first abolished; and in some cases the removal of the 
vertical deviation suffices by itself to relieve the lateral squint.—D.] 

2. Heterophoria. In latent divergence [exophoria| an operation is done 
(a) When it causes the symptoms of a muscular asthenopia; (b) when it 
threatens to pass into strabismus. Operation, however, should not be 
determined on until all non-operative measures opposing the latent diverg- 
ence have proved fruitless. Furthermore the latent divergence must be so 
considerable that it will not by any chance be transformed into its opposite 
by the operation: for we should then have to deplore the development of 
a strabismus convergens with distressing diplopia as the result of the oper- 
ation. Formerly, in cases of latent divergence, tenotomy of the external 
rectus was very often done with the hope of thus checking the progress of 
the myopia which generally forms the basis of the latent divergence. To-day’ 
it is rare to operate for latent divergence, and, since what is to be effected 
is a strengthening of the convergence, advancement of one or both internal 
recti is preferred to tenotomy of the external recti. [Tenotomy would be 
indicated if the exophoria is due mainly to divergence-excess. 

In esophoria, due mainly to a convergence-excess, which, as occasion- 
ally happens, does not yield to correction of the refraction or other non- 
operative means, a guarded tenotomy of one or both internal recti may be 
done, care being taken that the ability of the eyes to converge shall not be 
materially impaired. Tenotomy, however, is very rarely indicated in this 
condition. Esophoria which is due to weakness of the external recti or 
which is well-marked for distance as well as for near, should be treated by 
advancement or tendon-tucking of the externi. 

In hyperphoria, if comitant, the best operation is tenotomy or tendon- 
tucking of the superior rectus, care being taken not to produce an over- 
effect. If non-comitant, it is treated according to the rules laid down in the 
next paragraph.—D.| 

3. Paralytic strabismus, In this the squint operation is indicated only 
when we are dealing with an old paralysis, the spontaneous cure of which 
is no longer to be counted upon. The operation is most successful when the 
muscle, although enfeebled, is still capable of performing its functions, and 
the strabismic deflection is caused mainly by the contracture of the antag- 
onist. It is only in the slightest cases that we can attain our object. by 
making a tenotomy of the contracted muscle; as a rule, we must combine 
this with advancement of the paralyzed muscle. If the paralysis is complete, 
so that the paralyzed musele is no longer able to exert any action whatever 
upon the eyeball, it is only from a very extensive advancement that we can 
expect to get any effect, and even then the only effect we can gain is that 
the greatly deviated eye is brought back approximately to the primary 
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: position, while the free motility of the eye can in no way be restored. 
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[This does not hold for traumatic paralysis in which the muscle itself or 
its tendon is injured.—D.] 


In paralysis of the superior oblique advancement of the tendon of this muscle is 
for technical reasons impracticable. Hence, following Mauthner’s [A. Graefe’s] proposal, 
we tenotomize the inferior rectus of the opposite side, because section of this muscle 
causes the same defect of motility in the other eye, that is present in the affected eye 
as a result of the paralysis, and consequently the troublesome diplopia is abolished. 

{Suppose, for example, that the right superior oblique is paralyzed. This muscle 
normally moves the right eye down, abducts it (carries it to the right), and rotates 
its vertical meridian inward (to the left); and if it is paralyzed, the movements of 
the right eye are restricted in all these senses. Diplopia therefore results, which we can 
prevent if we can restrict the movement of the left eye in the same sense and to the 
same extent. This we can do by tenotomy of the left inferior rectus, which moves 
the left eye down, adducts it (moves it to the right), and rotates its vertical meridian 
outward (to the left). Moreover, as this parallelism of action of the superior oblique 
of one eye and the inferior rectus of the other holds good for all directions of the gaze, 
the operation affords complete compensation for the paralysis. In ome cases of paral- 
ysis of the superior oblique, there is a decided over-action of the inferior oblique in the 
same eye, as shown by the decided upshoot of the eye in adduction, and then tenotomy 
of the inferior oblique is likely to produce marked improvement.—D.] 

[A paralysis of the right inferior oblique would similarly be compensated for by 
a tenotomy of the left superior rectus. In paresis of the right superior rectus, if slight, 
we may advance the paretic muscle; if great, we may do atenotomy of tne*contralateral 
left inferior oblique (page 1011). This latter operation is particularly indicated in con- 
genital paralysis of the superior rectus, in which it gives excellent results, as it does also 
in some cases of traumatic paralysis of this muscle. In paralysis of the inferior 
rectus, advancement of the paretic muscle in general is indicated. In paresis of the 
externus, advancement of this muscle, combined with tenotomy of the internus in 
the other eye, is indicated, and will usually have to be supplemented by tenotomy 
of the internus in the same eye. So in paresisof an internus, its advancement com- 
bined with tenotomy of one or both externi is usually required.—D.} 

Landolt even for paralysis of the superior oblique prefers advancement, this being 
done on the inferior rectus of the paralyzed eye. [Mauthner’s procedure is much the 
better.—D.| 


Il. ENUCLEATION OF THE EYEBALL 


891. Enucleation consists in shelling the eyeball out of Tenon’s 
capsule, the conjunctiva and all the tissues adjoming the eyeball being 
left behind. Bonnet has the credit of having been the first to introduce 
this operation, which he did upon the basis of his studies upon Tenon’s 
capsule (which hence is also called Bonnet’s capsule). Before this, 
operators were in the habit of cutting the eyeball, together with the 
neighboring soft parts, out with a knife in a way not very different from 
that in which a butcher is accustomed to do it. This much more radical 
operation, which is called extirpatio bulbi, is at the present time performed 
only in those cases in which malignant neoplasins have grown out from 
the eyeball into the tissues of the orbit so that a simple enucleation of the 
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eyeball is no longer practicable. By exenteration of the orbit (exenteratio 
orbit) is meant a scooping out of the contents of the entire orbit so that 
nothing but the bony walls of the latter are left. This operation, too, is 
performed only for malignant new growths. 

Enucleation, as done by Arlt, is performed as follows: The lids are sep- 
arated by Desmarre’s retractors [or a spring speculum]. For the operation 
itself a fixation forceps and a pair of straight scissors, which should have 
one pomt blunt and the other sharp, are employed. If the operation is 
on the left eye, the conjunctiva close to the temporal margin of the cornea 
is first picked up and incised. From this wound as a starting point the 
conjunctiva is divided all round the cornea, and then it is loosened from 
its connections still farther back. Then the external rectus is grasped 
with the forceps and divided behind the latter, so that a stump of tendon 
remains attached to the sclera. This serves to hold the eye with, during 
the subsequent course of the operation, which consists in the division 
of the rest of the ocular muscles and of the optic nerve. The blunt- 
pointed blade of the scissors is passed beneath the tendon of the supe- 
rior rectus, and the latter is taken up upon the scissors and is divided 
close to the sclera by a single snip. The same is done with the inferior 
rectus. Then the scissors, closed, are passed from the outer side in behind 
the eyeball to feel for the optic nerve, which when the eyeball is drawn 
forward is put upon the stretch so as to form a hard cord. When the 
optic nerve is felt, the scissors are opened and the nerve is cut off as close 
as possible to the eyeball [except when the operation is done for the re- 
moval of malignant growths (see page 1026)]. As soon as this is done the 
eye can be pulled out of the orbit (luxated) in front of the lids. Then the 
remaining structures attached to the eyeball (the internal rectus and the 
two oblique muscles) are divided as close as can be to the eyeball. With this 
act the enucleation of the eyeball is complete. A wound cavity is now pre- 
sented, which is bounded behind by Tenon’s capsule, in front by the de- 
tached conjunctiva of the eyeball. Through the margin of the latter, which 
corresponds to the limbus of the conjunctiva, a thread is passed alternately in 
and out, so that a suture is formed like the string of a tobacco bag, and 
when this is drawn tight the conjunctiva is completely closed. [Many 
omit sutures.] Then by the use of a pressure bandage we take care that 
the conjunctiva shall be pressed against Tenon’s capsule, so that it may 
become united with it. 

In the right eye the operation is performed in the same way, except 
that the detachment of the conjunctiva is begun at the nasal side of the 
cornea, and the internal rectus is the first thing to be divided. This 
slight difference between the operation upon the right eye and that upon 
the left is explained by the fact that we try always to cut from right to 
left with the scissors, as this is the more handy way of doing. 
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Many operators use the squint hook for performing enucleation. The tendons 
that are to be detached are grasped with this, drawn out, and divided upon the hook. 
This method is easier, but also more elaborate and more tedious, than the method which 
Arlt devised of picking up and dividing the tendons with the scissors directly. 

892. Healing takes place after enucleation without suppuration and 
by primary union. The cavity which remains after the removal of the 
eyeball is lined by Tenon’s capsule, the raw, inner surface of which is 
presented to our view. Upon it can be recognized the divided ends of 
the ocular muscles, and at its most posterior part the cross section of the 
optic nerve surrounded by some orbital fat. This raw surface is covered 
by the bulbar conjunctiva, which after being detached from the eyeball 
hangs down so as to form the anterior wall of the wound cavity, and is 
then carried into the latter, so that its posterior, raw surface gets to lie 
against the anterior, raw surface of Tenon’s capsule. The aperture which 
the conjunctiva has in its center corresponding to the cornea has been 
already closed by the tobacco-bag suture. Hence, there is no raw spot 
remaining uncovered. 

Enucleation, if performed in an aseptic manner, is an operation 
perfectly devoid of danger. For purposes of anesthesia we may employ 
either general narcosis or the injection of cocaine (see page 916). The 
hemorrhage ordinarily is slight, so as to require no other measures for 
its arrest than the application of a pressure bandage upon the closed lids. 

In case the bleeding is more profuse, a tampon of iodoform gauze must 
be introduced into the orbit itself. Under normal conditions the opera- 
tion wound heals within less than a week. Purulent inflammation (phleg- 
mon) of the orbital issue occurs after enucleation only when the wound 
has been infected. When enucleation is performed upon an eye in which 
active panophthalmitis is present, purulent meningitis with a fatal issue 
sometimes sets in after the operation. Panophthalmitis, therefore, is a 
contraindication against enucleation (see page 472). [Many, however, 
enucleate provided the orbital tissues are uninvolved; others perform 
evisceration of the eyeball (see page 1027).—D.] 

The prothesis (artificial eye) should not be inserted sooner than four- 
teen days at earliest after the operation. It consists of a shell of glass, 
which is made in imitation of the anterior division of the eyeball, and 
which is retained in place behind the lids. After an enucleation which 
has healed in the normal way there is found a cavity clothed with con- 
junctiva, which, behind the upper and lower lid, is converted into a deep 
furrow corresponding to the fornix conjunctive. It is into this furrow 
that the upper and lower rims of the artificial eye are inserted. The deeper 
the furrow is, the better will it keep the artificial eye in place. For this 
reason we take care in operating to preserve the bulbar conjunctiva as 


much as possible. In cases in which we are compelled to remove part 
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of the conjunctiva, the portion which remains may be drawn into the 
cavity by cicatrization, so that the fornix is made proportionately shal- 
lower. In this way it may become impossible for an artificial eye to be 
worn. [In such cases a new cul-de-sac may be fashioned, deep enough 
for the reception of the artificial eye (see page 941).—D.] The artificial 
eye moves conjointly with the other eye, although its excursions are 
smaller; for the ocular muscles, although detached from the eyeball, 
still retain their connection with Tenon’s capsule. They move the latter in 
the same direction that the other eye is moving in, and with Tenon’s 
capsule they move both the conjunctiva which lines it and the artificial 
eye which rests upon the conjunctiva. 


The artificial eye should be taken from the orbit every night and be well cleaned. 
In time it loses its luster, and must then be replaced by a new one. It not infrequently 
happens that the conjunctiva is thrown into a state of catarrhal inflammation by the 
mechanical irritation which the artificial eye sets up. Then the wearing of the latter 
must be restricted to a few hours each day, or given up altogether for a while, and the 
conjunctival catarrh must receive appropriate treatment. But the opposite of this 
state of things also occurs—namely, that, through wearing an artificial eye, troubles 
that were formerly present are made to disappear. This is the case when, after an 
enucleation, the lids sink back and an entropion develops, in consequence of which the 
cilia, which are directed inward, irritate the conjunctiva. By the insertion of an arti- 
ficial eye the lids receive support; the entropion disappears, and with it vanishes the 
condition of irritation in the conjunctiva. 

The artificial eye may be worn not only in an empty orbit but also over the eye- 
ball. The only prerequisite is that the eyeball shall be diminished in size, either as a 
whole through atrophy or phthisis, or at least in its anterior division through applanatio 
corne, or as a consequence of ablation of a staphyloma of the cornea, An artificial 
eye when resting upon the natural eyeball has a particularly deceptive and natural 
appearance, and also moves quite perfectly with the eye which lies beneath it. Unfor- 
tunately, the stump of an eye does not always bear an artificial eye over it. It may 
become irritated by the latter so as to get inflamed and painful. In such cases either 
the artificial eye must be laid aside or the too painful stump must be enucleated. 

In an empty orbit the ordinary shell-like artificial eye sinks too deep and does 
not move very well. Hence for such cases eyes have been manufactured which are 
convex posteriorly (reform eyes of Snellen). 


893. Indications.—The indications for enucleation are: 

i. Malignant tumors in the eyeball, and also those on or behind it, 
provided they can not be removed radically by a less thoroughgoing- 
operation with retention of the eyeball. In tumors which develop in the 
posterior section of the eyeball (gliomata of the optic nerve and sarco- 
mata of the chorioid) there is a possibility that the new growth is in 
process of transmission backward along the optic nerve. In such cases, 
therefore, the optic nerye is not divided close to the eye, but as far back 
as possible. After the enucleation has been performed, the cross section 
of the piece of nerve attached to the eyeball is examined. If it should 
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prove to be attacked by the new growth, the portion of the optic nerve 
which has been left in the orbit must also be sought for and exsected. 

2. Injuries. Enucleation is performed at once (primary enucleation), 
when such a considerable injury is present that the eye is lost beyond per- 
adventure. This is the case in extensive laceration of the anterior portion 
of the eyeball, with escape of a part of the contents of the globe. By enu- 
cleation in such a case we spare the patient the panophthalmitis that other- 
wise awaits him, or the tedious and painful process of shrinking of the eye. 

If the injury is of such a character that the preservation of the eye, 
at least so far as its form is concerned, is not altogether out of the question, | 
we try first to save the eye by initiating that form of treatment which is 
indicated by the nature of the injury. If, nevertheless, inflammation 
develops, and the vision of the eye is absolutely abolished, the indication 
then is to perform enucleation (secondary enucleation) in order to prevent 
sympathetic inflammation of the other eye. Enucleation should also be 
performed upon those eyes which have been blinded by inflammation in 
consequence of an unsuccessful cataract operation. 

3. Irido-cyclitis, atrophy of the eyeball, and phthisis bulbi furnish an 
indication for enucleation whenever sympathetic ophthalmia threatens to 
occur, or has already broken out. And even a condition of painfulness in 
the eye which can not be relieved in any other way demands the per- 
formance of enucleation, provided all hope for retaining or restoring a 
serviceable degree of vision has disappeared. 

4. Glaucoma absolutum, when it is associated with continual pain, 
and when other less radical operations have either been already performed 
without success or are impracticable. 

5. Ectasia of the eyeball. When the eyeball is very much increased in 
size either by large staphylomata of the cornea or sclera or by hydroph- 
thalmus, it torments the patient by giving rise to continual attacks of irri- 
tation, by preventing the closure of the lids, and by producing disfigure- 
ment. Enucleation is then indicated provided the eyeball can not be 
diminished in size in any other way (e. g., by a staphyloma operation). 

6. Hamorrhage which comes from the eye that has been operated upon 
or that has been ruptured, and which can be arrested in no other way. 

7. Cosmetic considerations sometimes furnish the indication for the 
removal of a blinded and very disfiguring eye, so as to allow an artificial 
eye to be worn in its stead. ; 

894. Evisceration of Eye.—Inasmuch as the artificial eye acquires such a cosmetic 
advantage from being placed upon the shrunken eyeball, the attempt has been made 
to replace enucleation by an operation which does leave a stump in the orbit. This 
operation is exenteratio bulbi (evisceration of the eyeball). According to Alfred Graefe’s 


method, it is performed in the following way’ In the first place, the cornea together 
with an adjacent zone of the sclera is removed by first incising the sclera, near the 
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limbus with a knife, and then detaching it by a circular cut with the scissors. Then 
the contents of the eyeball which has thus been opened are scooped cleanly out with 
a sharp spoon, so that the inner surface of the sclera lies exposed. Lastly, the opening 
is closed again by means of sutures passing through the conjinctiva and the cut edges 
of the sclera. In this way a stump is obtained which, however, shrivels up so much 
in the course of time, that it scarcely has any value as a support for the artificial eye. 
Hence, the attempt has been made to get a stump that shall remain large permanently, 
by introducing into the empty scleral capsule a chemically indifferent, sterilized foreign 
body and allowing it to remain there permanently [Mules’s operation]. So, too, a foreign 
body can be inserted in the cavity between Tenon’s capsule and the conjunctiva after 
enucleation. For this purpose glass, silver, or gilded spheres, or balls made of calcined 
bone, elder pith, or sponge are used. If the operation is done aseptically, these foreign 
bodies give no trouble while in situ, but it often happens that later—sometimes not till 
years later—they are expelled. Hence some after enucleation have inserted under the 
conjunctiva for permanent lodgement subcutaneous fat which they have taken from 
some other part of the patient’s body. Later on, however, this inserted fat gradually 
shrinks and to such an extent that the maintenance of the cosmetic result aimed at 
is jeopardized. 

Obviously exenteration can not replace enucleation, when it is a question of a 
malignant new-growth in the eyeball, and it is only in connection with the other indica- 
tions for enucleation that it can be considered. But healing after an exenteration is 
not as smooth as after enucleation, and if the operation has not been perfectly aseptic, 
the stump that is left may suppurate. Moreover, the protection that exenteration 
affords against sympathetic inflammation is not as complete as it is with enucleation. 

[Evisceration of the eyeball by some is preferred to enucleation when orbital 
cellulitis or panophthalmitis is present. In this case, Lister performs a partial enuclea- 
tion; i. €., removes the cornea, scoops out the eye, and then removes all the sclera except 
a frill about the optic nerve. He believes that since the optic-nerve sheath is not opened, 
the danger of septic meningitis is averted, and that healing is quicker than when the 
whole sclera is removed.—D.] 

895. Optico-Ciliary Neurotomy.—In the endeavor to be as conservative as possi- 
ble, observers have also tried to replace enucleation by the division of the nerves going 
to the eye. This operation is optico-ciliary neurotomy (Boucheron, Schéler). First the 
conjunctiva over the internal rectus and then the muscle itself are divided. From the 
wound thus made the scissors are passed backward to the optic nerve, which is divided 
as far back as possible. It is then possible to rotate the eyeball so far outward that its 
posterior segment together with the stump of the optic nerve shall appear in the wound. 
The portion of the optic nerve still attached to the sclera is then removed close to 
the latter, so that, provided the nerve was divided well back the first time, a long piece 
of it is resected. Next, the posterior section of the eyeball as far forward as the equator 
is freed from all tissues attached to it, in doing which most of the ciliary nerves are 
divided. Then the eyeball is returned to its place in Tenon’s capsule, and fixed there 
by uniting the divided ends of the internal rectus and the divided conjunctiva with 
sutures. After the operation is completed a pressure bandage is applied. 

Neurotomy is suggested as a substitute for enucleation when we are dealing with 
eyes that should be removed on account of threatening sympathetic inflammation or 
on account of pain. Neurotomy, however, has not proved perfectly reliable. Sympa- 
thetic inflammation has repeatedly occurred after it, so that when there is a danger 
of such inflammation absolutely nothing else but enucleation is indicated. Pain, too, 
sometimes recurs after neurotomy. Added to this is the fact that this operation is 
more difficult to perform than enucleation and requires a considerably longer period 
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of healing. It is, therefore, indicated only when there is no danger of sympathetic 
inflammation, as for example in absolute glaucoma, and when the patient is. unwilling 
to consent to an enucleation. 


III. Removau or Orsitat Tumors 


896. In the removal of retrobulbar tumors the eyeball is in the way 
and prevents access to the back part of the orbit. If, nevertheless, we wish 
to perform extirpation of the tumor with preservation of the eye, there are 
two ways open to us. In cases in which marked exophthalmus ne been 
present for quite a long time, the eye 
muscles and the optic nerve are oe a 
much stretched. Then it is usually | 
easy, after dividing the conjunctiva on 
the temporal side and also the external 
rectus, to shove the eye toward the nose ¢ 
far enough for us to be able to get into 
the deeper parts between the eye and 
the temporal wall of the orbit. [To get 
the lids out of the way and to secure 4, 
more room, the external commissure 
may be divided and the lids turned 
back.] When the eye can not be dis- Fre. 462.—Tsmronany Ruszcrion om THE 

Outer WALL or THe Orsi. (After Haab.) 
placed sufficiently in this way we pro- 
cure access to the back part of the orbit by making a temporary resection 
of the outer wall of the orbit (Wagner, Kronlein). 


We first make an incision through the skin at the orbit’s outer margin. This 
incision begins at the linea semicircularis of the frontal bone, passes in a slightly convex 
curve downward in front of the outer border of the orbit, and turns outward at the 
level of the upper border of the malar bone (Fig. 462, ab). Where the section runs over 
the outer margin of the orbit, it is carried through the periosteum down to the bone 
and then the periosteum is detached from the outer wall of the orbit backward and 
downward as far as the inferior orbital fissure. Then we divide the periosteum at the 
two places where the outer margin of the orbit is to be chiselled through; i. e., above 
the zygomatico-frontal suture (c), for one, and just above the place where the zygomatic 
arch is given off, for the other. Starting from these two points, we chisel through 
the orbit’s outer wall, converging the two lines of incision (the two heavy black 
lines in Fig. 462) as we go backward so that they meet in the outer end of the inferior 

orbital fissure. The triangular portion thus defined in the orbital wall is then swung 
outward, and thus the back part of the orbit is exposed. [When the operation is 
completed the displaced segment of bone is swung back into position again. | 


897. Exenteration of Orbit.—We ought not to push too far our efforts 
to preserve the eye. If after extensive extirpations the eyeball would have 
to be left denuded it would subsequently be destroyed by suppuration. After 
removal of the entire retrobulbar tissue the eye would sink back deep into 
the orbit, would be fixed there by scar tissue, and would be quite useless, 
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In such cases it is better to sacrifice the eye in the beginning, even if it 
should be normal, since by so doing the extirpation of the tumor can gener- 
ally be done more quickly and with more precision. In such cases we 
remove the eye and the retrobulbar tissue in one mass—eventeration of the 
orbit. We begin by splitting the outer commissure of the lids out as far as 
the external margin of the orbit. By this procedure the lids are made 
freely movable, and can be turned back, the one up, the other down, so as 
to admit as free access as possible to the orbit. Then the soft parts behind 
the everted lids are divided with the scalpel down to the bony margin of the 
orbit. From this as a starting point the periosteum is detached from the 
bone all round down to the apex of the orbit. The entire contents of the 
orbit now form a wedge which lies free in the latter, and is attached only 
at the optic foramen by means of the optic nerve and the ophthalmic artery. 
This pedicle is now divided and the bleeding cut surfaces are cauterized 
with Paquelin’s thermo-cautery or with the galvano-cautery, since ligation 
of the ophthalmic artery is impossible for technical reasons. Next, all 
shreds of tissue still attached to the bone are removed, so that the latter 
is completely denuded. Then the orbit, after suitable irrigation with a 
disinfecting fluid, is packed with tampons of iodoform gauze, and a light 
pressure bandage is applied over it. 
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ow prevented from entering cornea and lens, 
influence of, on nutrition of cornea, 7 
loss of, avoided in operations, 918, 919, 923, 
924 renewal of, 13 
secretion of, 12 
Arachnoid sheath of optic nerve, 605 
Arcus senilis cornew, 231, 232, 310 
senilis lentis, 538 
tarseus inferior, 133 
tarseus superior, 134 
Argyll-Robertson pupil, 386, 451 
Argyria, 146 
Argyrol, 144, 146, 151, 161, 704, 707, 926, 930 
Argyrosis, 146 
Arlt’s demonstration of the nature of myopia, 869 
median tarsorrhaphy, 954 
method of enucleation, 1024 
method of tenotomy, 1008 
modification of Gaillard’s suture for entro- 
pion, 955 
operation for pterygium, 937 
operation for trichiasis, 948, 951, 952 
operation for symblepharon, 939, 940 
test types, 846 
Armies, trachoma in, 178, 179 
Army, visual requirements for, 847 
Arsacetin, poisoning by, 628 
Arsenic, 201, 203, 285, 313 
causing optic neuritis and toxic amblyopia, 
621, 628 
causing nystagmus, 800 
causing zoster, 658 
Arteria centralis corporis vitrei, 392 
centralis nervi optici, 569 
hyaloidea, 392 
Arterial pulsation, 100, 488 
Arteries, ciliary, 11, 137, 378 
retinal, how distinguished from veins, 99 
Arteriosclerosis causing asthenopia, 571 
causing retinal thrombosis, 576 
ophthalmoscopie signs of, 571 
predisposing to glaucoma, 496 / 
producing headache, 48 
Artery, central, of optic nerve, 99, 569, 606 
embolism of, 573 
laceration and compression of, 575 
central, of vitreous, 392 
hyaloid, 392, 559 
Arthritis causing iritis, 426 
Asepsis in eye operations, 913 
Aspergillus causing keratitis, 276 
Aspirin, 54, 335, 434, 435 
Associates, 720 
Association centers, 723 
of ocular movements, 723, 732 
Astatic needle, 348 
Asthenopia, 51 
accommodative, 51, 885, 906 
cephalalgica, 51 
dolens, 51 
due to arteriosclerosis, 571 
due to astigmatism, 51, 891 
due to conjunctivitis, 147, 149 
due to injury, 354 
due to refractive errors, 51 
hysterical, 51, 354, 646 
irritans, 51 
muscular, 51, 790 
nervous, 51, 646 
photogenic, 43, 51 
reflex, 51 
simplex, 51 
Astigmatism, 889 
acquired, 898, 899 
against the rule, 892 
artificial, 889, 891 
asthenopia in, 891 
cause of, 898 
changing apparent shape of disk, 111 
compound hypermetropic, 892 
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Astigmatism, compound myopic, 892 
congenital, 898 
corneal, 898, 899 
correction of, 893, 899, 902 
determination of, 110, 111, 892 
diffusion images in, 889 
direct, 892 
hypermetropic, S892 
increased (or diminished) after atropiniza- 
tion, 892 
inverse, 892 
irregular, 899 
lenticular, 898, 899 
meridians in, 889 
mixed, 892 
myopic, 892 
objective tests for, 106, 110, 111, 894 
physiological, 892 
produced by cataract extraction, 898, 1000 
produced by dislocation of the lens, 556 
produced by iridectomy, 977 
producing asthenopia and headache, 46,51,891 
producing conjunctivitis, 140 
producing myopia, 874 
regular, S889 
simple hypermetropic, 892 
simple myopic, 892 
symptoms, 890, 391 
treatment of, 893, 899 et seq. 
varieties of, 892 
vision in, 890, 891 
with the rule, 892 
Astigmia, 889 
Atavism, 41 
Atheroma of lids, 695 
Atonia sacci lacrimalis, 707 
Atoxyl, poisoning by, 621, 628 
Atrophia retine gyrata, 589 
retine totalis, 589 
Atrophy of chorioid, 456, 459, 464 
circumpapillary, 461 
of eyeball, 411, 416, 439, 468, 494 
of iris, 410 
of optic nerve, 624 
ascending, 418, 626, 630 
descending, 625, 627, 631 
excavation of nerve in, 486 
from sinus disease, 826 
genuine, 624 
glaucomatous, 487, 488 
inflammatory, 626 
neuritic, 617, 626 
non-inflammatory, 624 
pathology of, 626 
primary, 624 
progressive, 625 
retinitic, 626 
senile, 626 
simple, 624 
spinal, 625 
tabic, 625, 626 
traumatic, 631 
of pigment epithelium, 457 
of retina, 585, 589 
Atropine, action of, 60, 388 
application of, 60 
catarrh, 26, 152, 388 
causing conjunctivitis, 26, 152, 388 
causing convergence-excess, 780 
causing glaucomatous attack, 493 
causing increase of astigmatism, 892 
contraindications for, 61, 927 
effects of, on tension, 19, 493 
entering cornea by diosmosis, 8 _ . 
for determining availability of iridectomy, 
535 
for determining refraction, 902 ; 
for diagnosticating posterior synechie and 
seclusio pupill#, 401, 403 
for erosions of cornea, 306 
for injuries of iris, 443 
for iridodialysis, 443 
for iritis, 433, 438 
for keratitis, 263, 274, 298, 300 
for rupturing synechie, 438 
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Atropine for scleritis 335 
for spasm of accommodation, 910 
for squint, instilled into sound eye to make 
squinting eye fix, 792 
ces and wounds of cornea, 263, 274, 305, 


for wounds of eye, 352 
harmful in glaucoma, 19, 61, 493 
harmful in laceration of iris, 443 
harmful sometimes in eyclitis, 434 
improper use of, 61 
perry sight in central opacities of lens, 
Jv 
intolerance of, 388 
poisoning by instillation of, 61, 388 
precautions in use of, 61, 927 
Auto-anaphylaxis, 28 
Autotoxis, 27 
causing amblyopia, 630 
causing glaucoma, 510, 516, 518 
causing iritis, 425 
Axes of eye, 715 
Axes of cylinders and prisms, 835 
how determined, 837 
how indicated, 835 


B 


Bacillus anthracis, 660 
coli, 143, 
diphtheria, 186 
influenze, 143 
Koch-Weeks, 31, 143, 180, 257, 258 
Léffler’s, 186 
Morax-Axenfeld’s, 31, 143, 149, 257, 273 
Petit’s, 143, 257, 273 : 
pyocyaneus, 277 
subtilis, 33, 34, 143 
tularensis, 143 
xerosis, 30, 2207 
Zur Nedden’s, 33, 257 
Bacteria, how acting on eye, 29 
of conjunctival sac, 30, 31 
of conjunctivitis, 31, 142 
of corneal ulcers, 257 
of lids, 30 
toxin action of, 29 
Band of light, 110 
Bandage avoided in conjunctivitis and trachoma, 
145, 184, 200, 262 
binocular, when necessary, 52 
causing conjunctivitis, 30, 149 
causing entropion, 680 
causing glaucoma, 493 
causing striate opacity, 303 
diagnostic, before operations, 914 
effect of, on ocular pressure, 19 
pressure, various uses of, 54, 262, 264, 265, 
330, 683, 690, 694, 816, 925 
protective, uses of, 54, 158, 190, 262, 274, 279, 
282, 305, 306, 443, 687, 7&8, 925 
Bar reading, 772, 793 
Basedow’s disease, 817 
causing arterial pulsation in the retina, 102 
causing paralysis of eye muscles, 754 
tarsorrhaphy for, 955 
Bath, hot air and electric, 58 
Beaker cells, 134 
Beard’s operation for growths on the limbus, 939 
operation for pterygium, 939 
Beer’s cataract knife, 1003 
cataract needle, 988 
method of cataract extraction, 1003 
method of iridectomy, 073 
operation for staphyloma, 969 
Bell’s phenomenon, 655 
Bier’s hyperemia, 58 
Bifocal lenses, 839 
Binocular diplopia, etc., see DreLopta, etc. 
Birch-Hirschfeld’s operation for detachments, 596 
Bituminous dust causing keratitis, 309 
Bierrum’s curtain, 116, 488, 746 
theory of glaucoma, 509 
Blackboard for testing field of vision, 116 
Blacvk-white visual substance, 639 
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Blastomycetie dermatitis, 662 
Blennorrhea acuta, 152 
chronic, 153, 164 
inclusion-, 161, 180 
neonatorum, 160 
of lachrymal sae, 704 
subacute, 154 
Blepharitis angularis, 143 
ciliaris, 6 
squamosa, 666 
ulcerosa, 667 
Blepharo—adenitis, 666 
Blepharochalasis, 665 
Blepharodiastasis, 693 
Blepharophimosis, 684, 953 
Blepharoplasty, 959 
Blepharoptosis, 690 
Blepharospasm, 687 
canthoplasty in, 953 
causing blindness, 197 
causing cedema of lids, 197, 664 
essential, 688, 689 
hysterical, 688 
in conjunctivitis eezematosa, 197, 201 
interfering with examination of eye, 75 
produced by dazzling, 21 
senile, 688, 689 
symptomatic, 687, 689 
treatment, 201, 953 
Blepharostat, 917 
Knapp’s, 943, 945 
Blinder for relief of diplopia, 757 
for practicing vision in amblyopia, 792 
Blindness after blepharospasm, 197 
blue-yellow, 639 
color, 41, 636 
cortical, 607 
day-—, see NYCTALOPIA 
dilation of pupil in, 451 
due to eye injuries, 340 
eclipse, 22 
green, 636, 638, 640 
how causing mydriasis, 451 
letter, 609 
mind, 609 
night—, see HEMERALOPIA 
number, 609 
object, 609 
psychic, 607, 609 
red, 636, 637, 640 
red-green, 639 
simulation of, 127 
snow, 24 
unilateral, signifying lesion in front of 
chiasm, 614 
violet, 636, 638, 640 
without apparent cause, 632 
word, 609 . 
Blind spot, Mariotte’s, 121 
in glaucoma, 122, 488 
in optic neuritis, 616 
in sinus diseases, 826 
in sympathetic ophthalmia, 429 
mapping of, 124, 488 
Blood, staining of eye with, 316, 391, 350 
Blood-count in sympathetic ophthalmia, 429 
Blood-letting in eye diseases, 58, 335, 434, 467, 622 
Blood-pressure, high, causing accommodative in- 
sufficiency, 906 
in its relation to glaucoma, 507, 510. 
also ARTERIOSCLEROSIS 
Blood-vessels, ciliary system of, 137, 378 
conjunctival system of, 137 
new formation of, in cornea, 244 
new formation of, in retina, 577, 582 
of chorioid, 376, 378 
of ciliary body, 380, 381 
of conjunctiva, 137 
of embryonic eye, 392 
of eye, three systems of, 378 
of iris, 379 
of lids, 654 
of optic nerve, 99, 606 
of orbit, 805 
of retina, 99, 569 


See 
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Blood-vessels of sclera, 333 
of uvea, 378 
Bloody weeping, 223 


Blue, diminished perception of, a sign of retinal — 


or chorioidal disease, 125 
Bluestone, see Copper SuLPHATE 
Blue-yellow blindness, 639 
visual substance, 639 
Béhm’s method of tenotomy, 1011 
Bonnet’s capsule, 805, 1023 
discovery of principle of enucleation, 1023 
Boric-acid ointment, 145, 150, 306, 670 
solution, 150 
Botulismus, 754 
Bowman’s membrane, 232, 932 
method of discission, 991 
sounds, 631, 632 
stop needle, 988 
tubes, 303 
Brain disease causing optic neuritis, 617, 619 
causing optic-nerve atrophy, 620, 625 
causing retinitis, 580, 620 
Brain terminal, 610 
Brisseau’s discovery of true seat of cataract, 526 
Brossage, 936 
Bruch’s membrane, 366 
Briicke’s portion of ciliary muscle, 370 
Bruns’s tucking-advancement, 1019 
Bruns-Clark hook, 1003, 1019 
Biidinger’s method of blepharoplasty, 963 
Buller’s shield, 158 
Bundle, decussating, 609, 610 
non-decussating, 609, 610 
papillo-macular, 606, 614, 630 
readily damaged even by indirect in- 
juries, 827 
posterior longitudinal, 723, 725, 827 
Buphthalmus, 360, 498 
Burns of conjunctiva, 211 
of cornea, 308 
producing glaucoma, 212 
producing retinal hemorrhages, 573 
Butyric acid test, 71 
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Calmette’s method, 70 
Calomel, 60, 200, 201, 202, 266, 298, 352, 436 
Calx sulphurata, 673 
Canal, central, of vitreous, 16, 392, 559 
Cloquet’s (or hyaloid) 16, 392, 559, 560 
of Petit, 525 
optic, 606 
Schlemm’s, 372, 381 
sclerotico-chorioidal, 567 
Canaliculus, 699 
absence of, 403 
concretions of, 706 
eystoid dilatation of, 706 
duplication of, 703 
knife, 931 
occlusion of, by fungi, 706 
slitting of, 930 
stricture of, 706 
Canalis Cloqueti, 392, 559 
hyaloideus, 392, 559 
opticus, 606 
Candle test of field, 115 
Canthoplasty, 952 
Canthotomy, 952 
Canthus, 647 
Capsule, Bonnet’s, 805, 1023 
forceps, 992 
of lens, see Lens CapsvuLe 
Tenon's, 714, 805 
Capsulotome, see CysTiromp 
Capsulotomy, 992 
preliminary, 998 
Carbolic acid in corneal ulcers, 67, 263 
Carbon bisulphide causing toxic amblyopia, 630 
dioxide snow, 183, 207, 696 \ 
monoxide causing paralysis, 754 
: causing zoster, 658 
Carcinoma, 449, 478, 580, 599, 696, 697, 710, 
823 See also EprraHetioma 
Cardinal directions of gaze, 720 
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‘Carnivora, luminosity of pupils in, 91 Cataract, perinuclear, 532 


Carotid, compression and ligation o 
sating exophthalmus, 822 : fy for pul- 
Caruncle, 137, 647 
diseases of, 230 
sinking of, after tenotomy, 1014 
‘Cataphoresis, 57, 916 
Cataract, 525 
absorption of, 542, 543 
after-, 1001 
anterior central capsular, 530 
anterior cortical, 536 
anterior polar, 530 
black, 526, 545 
calcareous, 542 
eapsular, 525, 530 
eapsulo-lenticular, 525, 542 
eentral, 532, 538 
central capsular, 530, 532 
chalky, 542 
choleraic, 547 
clinical forms of, 530 
complicated, 413, 549, 552 
congenital, 39, 530, 533, 545, 551 
cortical, 536, 538 
ecouching of, 1002 
eystic, 542 
dark, 540, 545 
depression of, 525, 1002 
diabetic, 23, 546 
diagnosis of, 526, 543 
diffuse, 538 
dilaceration of, 990 
discission of, 987, 990 
displacement of, 1002 
due to chorioidal coloboma, 481 
due to convulsions, 533, 548 
due to electric shock, 25, 549 
due to ergotism, 547 
due to general diseases, 546 
due to heat and light, 21, 23, 546 
due to iritis, 412 
due to lightning, 25, 549 
due to myopia, 870 
due to naphthaline poisoning, 547 
due to pellagra, 547 
due to rhaphania, 547 
due to rickets, 533, 535 
due to sunlight, 546 
due to tetany, 533, 548 
etiology of, 545 
extraction, see CATARACT EXTRACTION 
fluid, 541 
glass-blowers’, 21, 23, 546 
glaucomatous, 495, 550 
green, 491 
hard, 544 . 
hemeralopia in, 528, 635 
history of operations for, 912 
history of our knowledge concerning, 525 
hypermature, 541, 544 
immature, 537 
incipient, 537, 543 
in heterochromia iridis, 530 
intumescent, 539, 543 
knife, Beer’s, 913 
knife, Von Graefe’s, 992, 1004 
lamellar, 532 
lenticular, 525 
mature, 540, 544 
membranous, 542 
membranous, operations for, 990, 993 
milky, 541 
Morgagnian, 541 
myopia in, 528, 536, 537 
naphthalinic, 547 
needle, 988 
nuclear, 545 
nucleus of, how measured, 544 
nyctalopia in, 527, 635 
objective signs of, 526 
operations for, 531, 534, 543, 987-1005 
partial, 530 
partial stationary, 530 
pathological anatomy of, 528, 536 


polar, 530, 532, 536 
posterior central capsular, 532 
posterior cortical, 536 
posterior polar, 532, 536 
prickers, 1002 

progress of, 540 
progressive, 530, 537 
punctate, 532 
pyramidal, 531 

radii of, 538 

reclination of, 1002 


recovery of sight in, spontaneous, 537, 542, 


543, 549 
rhachitic, 533, 535 
ripe, 540, 544 
ripening of, 510 
ripening of, artificial, 998 
seat of, discovered by Brisseau, 526 
senile, 537, 545 
soft, 544 
soft, operations for, 987, 991 
spindle-shaped, 532 
stages of, 537 
stationary, 530 
swelling, 539, 543 
symptoms of, 527 
toxic, 12, 546, 547 
traumatic, 537, 548, 552 


treatment of, 531, 534, 540, 547, 551, 987-1005 


tremulous, 542 t 
vision in, 527, 534, 536, 540 
zonular, 532 

Cataracta, 525 
accreta, 413, 549 
arida siliquata, 542 
cerulea, 540 
calearea, 542 
capsulo-lenticularis, 542 
complicata, 413, 549 
congenita, 545 
corticalis, 536 
cystica, 542 
dura, 544 
fluida, 541 
fusiformis, 532 
glaucomatosa, 495, 550 
gypsea, 542 
hypermatura, 541, 544 
incipiens, 537, 543 
in oculo glaucomatoso, 495 
intumescens, 539, 543 
lactea, 541 
matura, 540, 544 
membranacea, 542 
mollis, 544 
Morgagni, 541 
natans, 555 
nigra, 540, 545 
nuclearis, 545 
polaris anterior, 530 
polaris posterior, 532 
punctata, 532 
secundaria, 1001 
secundaria accreta, 1001 
senilis, 545 
spuria, 526 
traumatica, 548 
tremula, 542 

Cataract extraction, 991 
accidents in, 998 
appearance of eye after, 999 
astigmatism after, 899, 1000 
capsulotomy in, 994 
collapse of eye in, 999 
conjunctival flap in, 994, 995 
dislocation of lens in, 999 
erythropsia after, 23 
flap operation for, 993 
history of, 1001 
incision in, 991, 993, 995 
inflammation after, 1001 
instruments for, 992 
jridectomy in, 994, 996 
irido-cyclitis after, 928, 1001 
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Cataract extraction, irrigation of anterior chamber 
in, 995 
linear, 991 
loss of vitreous in, 998 
luminosity of pupil after, 91 
methods of, various, 995, 997, 1002 
modified, 1004 
modified linear, 1004 
modified simple, 996 
performed when sight is good in fellow eye, 
552 ; 
result of, 999 
simple, 995, 1004 
suppuration after, 928, 1001 
toilet of eye after, 995 
vision after, 1000 
with the capsule, 997 
with and without iridectomy, 994, 995, 1004, 
1005 
Catarrh, atropine, 26, 152, 388 
conjunctival, acute, 139 
conjunctival, chronic, 147 
ollicular, 150 
pustular, 141 
spring (or vernal), 204 
vesicular, 141 
Catarrhus senilis, 682 
siccus, 148 
Caterpillar hairs causing ophthalmia nodosa, 447 
Catophoria, 762 
Catotropia, 762 
Cat’s eye, amaurotic, 91, 468, 596 
Cat’s-eye pupil, 981 
Caustics, injuries by, 211, 308 
Cauterization, 67, 144, 182, 263, 264, 275, 330, 
595, 696, 939, 959, 971, 1030 
circumcorneal, 942 
Cavernous sinus, relation of eye nerves to, 724, 726 
sinus, thrombosis of, 664, 812 
tumor, 478, 821 
Cell inclusions, 180 
Cellulitis of orbit, 664, 810 
Center, association, 723 
fusion, 608 
motor of eye, 723 et seq. 
subcortical optic, 607 
visual, 607 
Centrad, 836 
Cephalocele orbitz, 821 
Cerebellar disease causing nystagmus, 766 
Chalazion, 673 
clamp, 944 
externum, 675 
operation for, 943 
Chamber, see ANTERIOR CHAMBER, PosTERIOR 
CHAMBER 
Chancre, 210, 662 
Chancroid, 211, 662 
Chandler's buttonhole iridectomy, 896 
Chart, astigmatic, 892, 893 
Check ligaments, 369, 714 
Chemical causes of injury, 25 
Chemosis, 153 
Chemotaxis, 273 
Chiasm, 609, 614 
Children, clearing of opacities in, 256 
examination of, 76 
frequency of hyperopia in, 886 
infrequeney of corneal ulcers in, 2%, 274 
operations in, 919 
watered silk, reply in, 102 
Chlamydozoon, 180 
Chloral causing toxic amblyopia, 630 
Chloroform in eye operations, 917 
Chloroma, 710, 823 
Chlorosis, 466, 580, 621 
Choked disk, 25, 50, 619, 622 
Cholesterin in degenerated lenses, 530, 542 
in vitreous, 562 
Chorea, cataract in, 547 
Chorio-capillaris, 376 
Chorioid, 8, 375 
anatomy of, 375 
appearance of, with ophthalmoscope, 103 
atrophy of, 456, 459, 464, 502 
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Chorioid, changes of, in glaucoma, 502 
changes of, in myopia, 459, 465, 870 
coloboma of, 479 
congenital anomalies of, 463, 466, 479 
detachment of, 472 
diseases of, 456 
druses of, 38, 457 
embolism in, 420, 471 
tunctions of, 8, 10 
inflammation of, 456 
injuries of, 472, 473 
pigment of, 377 
pseudo-sarcoma of, 475 
rupture of, 473 
sarcoma ot, 474 
sclerosis of, primary, 472 
tuberculosis of, 466, 468, 478 
tumors of, 474 
vessels of, 9, 376, 378 

Chorioidal crescent, 97 


ring, 96 
Chorioiditis, 456 
anatomical changes in, 463 
anterior, 294, 459 
areolaris, 458 
causing cataract, 466 
causing glaucoma, 518 
centralis, 457 
complications of, 465 
congenital, 466 
course of, 466 
diffuse, 459 
discrete, 457 
disseminata, 458 
embolic, 420, 471 
etiology of, 466 
exudativa, 456 
focal, 457 
gonorrheeal, 471 
guttate, 457 
Hutchinson's, 457 
in parenchymatous keratitis, 294 
metamorphopsia in, 125, 465 
metastatic, 471 
non-suppurativa, 455 
purulent, 467 
scrofulous, 466 
senile, 458 
serous, 507 
suppurativa, 467 
sympathetic, 429 
symptoms of, 465 
syphilitic, 459, 466 
Tay’s, 457 
treatment of, 466, 471 
tuberculous, 466, 468 
Chorio-retinitis, 459, 578 
Chromatophores, 377, 378 
Chromatopsia, 51 
Chromidrosis, 666 
Chrysarobin causing conjunctivitis, 27 
Cicatrix, ectatic, of cornea, 250, 254 
of operation wounds, rupture of, 928 
Cicatrization, cystoid, 322, 346 
Cilia, 698 
blanching of, after irido-cyclitis, 406 
removal of, 671 
Viliary arteries, 11, 137, 378 
body, 8, 368 
blood-vessels of, 380, 381 
changes of, in accommodation, 851 
changes of, in glaucoma, 501 
changes of, in staphyloma, 325 
development of, 395 
diseases of, 396 
function of, 10 
inflammation of, see Crourris 
laceration of, 9, 443 
production of intra-ocular fluids by, 13 
tuberculosis of, 447 
tumors of, 444, 447, 448, 449 
energy, latent and manifest, 862 
injection, 138, 245, 405 
muscle, 370 
action of, in accommodation, 851 
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Ciliary muscle inemmetropia, hypermetropia, and 
_ myopia, 870, 874 
inaction of, producing glaucoma, 493 
paralysis of, 450, 908 
pump action of, 15, 371 
spasm of, 910 
tone of, 910 
tumors of, 449 
nerves, 378 
neuralgia, 44 
processes, 370, 371 
staphyloma, 359 
system of vessels, 11, 138, 378, 379 
veins, 381 
_ zone of iris, 364 
Cilio-retinal vessels, 382 
Cilium forceps, 671 
Circle of Zinn, 382 ’ 
Circulus arteriosus iridis major, 379 
arteriosus iridis minor, 364, 380 
Clearing of corneal scars, 242, 256, 320 
Clamps, lid, 944, 945 
Clark’s operation, 936 
Cleft, fetal ocular, 391, 482 
Clinometer, 774 
Cloquet’s canal, 392, 559, 560 
Cocaine, anesthesia from, 62, 390, 915 
effects of, 19, 389 
for diagnosticating hyperemia of the iris, 397 
for differentiating spastic from paralytic 
miosis, 451 
for dilating lachrymal duct, 930 
for examining eyeball, 62, 75 
for operations, 915 
for relieving blepharospasm and _photo- 
phobia, 62, 202 
injurious effect of, on cornea, 63 
producing collapse of cornea in operations, 
924 


producing glaucomatous attacks, 61, 493 
producing irritation of sympathetic, 390, 450 
producing mydriasis, 389, 450 
producing nystagmus, 800 
reinforcing action of mydriatics and further- 
ing absorption, 62 
Cod-liver oil, 201 
Cold causing keratitis profunda, 300 
causing muscular paralyses, 756 
causing optic neuritis, 621 
Cold applications, 55, 159, 189, 434, 436, 443, 
552, 989 
Cold cream, 670 
Collapsus cornee, 237, 924 
Collargol, 307 
Collyrium adstringens luteum, 150 
Horst’s, 150 
Romershausen’s, 150 
Coloboma of chorioid, 479 
of iris, 40, 453, 482 
artificial, see IRIDECTOMY 
bridge, 454 
traumatic, 440 
of lens, 558 
of lid, 697 
of macula, 481 
of optic nerve, 481 
of retina, 481 
of vitreous, 564 
of zonula, 558 
Colon bacillus, 143, 160 
Color blindness, 635 
acquired, 636, 642 
congenital, 41, 635 ye 
importance of recognizing, 125, 640, 
642 


in atrophy of optic nerve, 626 
tests for, 125, 641 
complementary, 639 ; 
complementary, tests with, 124 
confusion, 638 
contrary, 639 
field, 120, 124 
importance of testing, 125 
interlacing and inverted, 616, 645 
reversal of, 616, 645 


1037 


Color perception, importance of, in railroad and 
marine service, 640, 64 
_ theories of, 636-640 
primary, 636, 639 
scotoma, 124 
diagnostic importance of, 125 
sense, 113 
absence of, 636 
limits of field for, 120, 124 
tests of, 125, 640 
. weakness of, 636 
tests, 124, 640 ‘ 
values, 639 
Columbian spirits, poisoning by, 628 
Comitance test, 745, 775 
Commissure, external, 647 
Commotio retinz, 599 
Compensation for injuries, 353 
Complementary-color test, 124 
Complement-fixation tests, 69, 425 
Compositors’ myopia, 875 
Cones of retina, 566, 567 
Confrontation method of testing visual field, 114 
Confusion colors, 638 
Congenital amblyopia, 632 
anisometropia, 903 
anomalies of chorioid, 463, 466, 479 
of conjunctiva, 160, 162 
of cornea, 223, 224, 225, 308, 316 
of eye, 39 
of iris, 425, 444, 452, 482 
of lachrymal passages, 703 
of lens, 39, 530, 533, 545, 557, 558 
of lids, 482, 691, 696, 697 
of muscles of eye, 754, 756 
of optic disk and nerve, 198, 481, 631 
of orbit, 808, 820, 821 
of retina, 481, 572, 597, 599 
of sclera, 333, 360 
of vitreous, 564 
of zonula, 558 
astigmatism, 898 
cataract, 39, 530, 533, 545 
color blindness, 41, 635 
dacryocystitis, 706 
dislocations of lens, 557 
enophthalmus, 808 
glaucoma, 498 
hemorrhages, 572 
hemeralopia, 588 
hypermetropia, 887 
iritis, 425 
microphthalmus, 40, 482 
paralyses, 691, 754, 756 
ptosis, 40, 691 
tumors, 40, 223, 225, 597, 696 
Conjugate deviation, 753, 795 
movements, 720, 721, 723, 795 
paralysis, 743, 753, 795 
spasm, 753, 796 
Conjunctiva, 133 
acne rosacea of, 202 
adenoid character of, 134 
amyloid degeneration of, 207 
anatomy of, 133 
angioma of, 226 
apron of, 162 
bacteria in, 30, 31 
blood-vessels of, 137 
bulbi, 136 
burns of, 211 
chancre of, 210 
chancroid of, 211 
cicatrices of, after burns and cauterization, 
212 


after conjunctivitis, 153, 162, 188 
in trachoma, 167, 174 
congenital anomalies of, 160, 162, 223, 224, 
225 


corner, 136, 235 

croup of, 19 

eylindroma of, 230 

cysticercus of, 225 

eysts of, 225 

dermatitis herpetiformis of, 204 
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Conjunctiva, dermoid of, 223 


diphtheria ot, 186 
diseases of, 133 
disintection of, 914 
divisions of, 133 
drainage of, 30 
ecchymoses of, 222 
emphysema of, 223 
epithelioma of, 226, 228 
essential phthisis of, 203 
examination of, 77 
exanthemata of, 202 
fibroma of, 226 
follicles in, 150, 151, 168, 181 
foreign bodies of, 211 
fornicis, 133 
fornix of, 133 . 
glanders of, 210 ; ; ’ ; 
granulations .of, in diphtherial conjuncti- 
vitis, 188 
in various diseases, 181 
trachomatous, 163, 165 
granulation tumor of, 226 
hemangioma of, 226 
hemorrhage from, 223 
herpes iris of, 192, 204 
histology of, 133, 134 
hyaline degeneration of, 207 
ichthyosis of, 204 
infection of, 31 
inflammation of, see CONJUNCTIVITIS 
injuries of, 211 
lepra of, 204 
limbus of, 136 
lipoma of, 224 
lithiasis of, 676 
lupus of, 203, 209 
lymphangiectasixe of, 222 
lymphangioma of, 226 
melanosis of, 223 
membranes on, 191 
myxoma of, 226 
nevi of, 228 
cedema of, 221 
of eyeball, 136 
of fornix, 134 
of lids, 133 
of retrotarsus, 134 
of sclera, 136 
of tarsus, 133 
operations on, 936 
osteoma of, 211, 224 
palpebral, 133 
papillary condition of, 134, 165 
papilloma of, 225 
pemphigus of, 202 
pigment moles of, 228 
pigmentation of, 223 
Pityriasis of, 204 
plasmoma of, 226 
polypi of, 225 
psoriasis of, 204 
sarcoma of, 226, 228 
scarification of, 160 
sclere, 136 
small-pox pustules of, 202 
sporotrichosis of, 210 
suture of, 3852, 942 
syphilis of, 204, 210 
tarsi, 133 
teratoma of, 224 
thrush fungus in, 191 
transplantation of, 942, 971 
tuberculosis of, 181, 208 
tumors of, 223 
ulcers of, 210 
used for covering wounds, 919, 942 
wounds of, 211 
xerosis of, 176, 219 


Conjunctivitis mstivalis, 204 


angularis, 149 

catarrhalis acuta, 139 

catarrhalis chronica, 147 

caused by acne rosacea, 202 
atropine, 26, 152 
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Conjunctivitis caused by bacteria, 31 
caterpillar hairs, 27 
chrysarobin, 27 
diphtheria, 186 
electric and solar light, 24 
eyestrain, 149 
foreign bodies, 149, 213 
gonorrheea, 152, 149, 213 
hay fever, 26, 143 
herpes iris, 192 


irritant liquids and vapors, 213 


jequirity, 26 
lachrymal diseases, 149 
measles, 143, 202 
plant hairs, 27 
scrofula, 192, 198, 199 
smallpox, 202 
sunlight, 24 
thrush, 191 
vaginitis, in children, 157 
vitiated air, 148 
chronic, 147 
cruposa, 191 
diagnosis of, from iritis, 397 
diphtherica, 186 
eczematosa, 192 
eel’s blood, 213 
epidemic, 142 
ex acne rosacea, 202 
exanthematica, 192, 202 
follicularis, 150 


relation of, to trachoma, 181 


gonorrhoica, 152 
granulosa, 165 
infectious, of Parinaud, 210 
lymphatica, 192, 199 
membranacea, 191 
metastatic, 143 
in gonorrhea, 156 
occupational, 213 
Parinaud’s, 210 
petrificans, 20S 
phlyctenulosa, 192 
pustulosa, 141, 192 
Samoan, 142, 143, 180 
scrofulosa, 192, 198, 199 
simplex, 143 
squirrel-plague, 141 
trachomatosa, 162 
traumatic, 213 
tuberculous, 199, 208 
variolous, 202 
vernalis, 204 
Conjunctivo-keratoplasty, 942, 971 


Consensual reaction of pupils, 81, 383 


Contraction furrows of iris, 364 


Contracture in paralysis and squint, 741, 760, 782, 


785, 790 

Conus, 96, 459 

Convergence, 721 
adduction, 722 
amplitude of, 721 
anomalies of, 779 
excess, 779, 780 
excessi 
exercise of, 794 
far-point, 721 
insufficiency, 779, 78: 
measurement of, 734, 775, 776 
near-point, 721, 7 
negative, 721 
nerve centers for, 723 
paralysis, 784 
positive, 721 
reaction of pupil, 81, 387 
relation of, 

783, 857 

spasm of, 781 
tests of, 765, 775 


Convulsions causing cataract, 533, 548 


Copper aluminated, 150 
citrate, 183 


sulphate, 67, 151, 159, 182, 183, 263 


Coquille glasses, 834 
Corectopia, 363, 454 


Sive, as a cause of myopia, 875 


to accommodation, 780, 781, 
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Corelysis, 363, 439 


rnea, 2 
abscess of, 266 
annular, 154 
posterior, 270 
absence of protective substances in, 5 
affections of, in catarrhal conjunctivitis, 141, 
148, 258 
in diphtheria, 187, 188, 259, 315 
in eczematous conjunctivitis, 194,258, 315 
in glaucoma, 261, 286, 310, 315, 494 
in gonorrheeal conjunctivitis, 154, 259,315 
. in herpes febrilis, 259, 285 
in herpes zoster, 259, 285 
in irido-cyclitis, 301, 302, 412 
in trachoma, 169, 176, 258 
anatomy of, 231 
arcus senilis of, 231, 232, 310 
atrophy of, marginal, 310 
blood-staining of, 316 
burns of, 308 
ealcareous band of, 310 
central parenchymatous infiltration of, 299 
clinical examination of, 77, 236 
cloudiness of, in glaucoma, 315, 500, 501 
collapse of, 237, 924 
congenital anomalies of, 308, 316 
conical, 330 
conjunctiva of, 136, 235 
eonjunctival portion of, 235 
contusions of, 308, 817 
corpuscles of, 233 
corrosion of, 308 
curetting of, 275, 287, 306, 312, 320 
curvature of, 231 Z 
how tested, 236, 894 
degeneration of, 310, 313, 316 
deposits on, 399, 414, 427 
desiccation of, causing disease, 282 
development of, 392, 395 
diffusion through, 7 
dimensions of, 76, 231 
diseases of, 231 
divisions of, 235 
dystrophies of, 309 
ectasie of, 176, 321 
efflorescence in, 194 
epithelioma of, 332 
erosions of, 305 
evenness of, how tested, 237 
examination of, 77, 236 
facet of, 250, 314 
fibroma of, 332 
filtration through, 7 
fistula of, 255, 265, 981 
flattening of, 254, 314 
foreign bodies in, 304, 967 
herpes febrilis of, 259, 285 
herpes zoster of, 259, 285 
infection of, 5, 32 
inflammation of, 238 
injuries of, 304 
producing ulcus serpens, 271 
lattice-shaped opacity of, 31? 
layers of, 232 
lead incrustation of, 147, 309, 315 
lime incrustation of, 309, 315 
macule of, 314 
marginal network of, 138 
melanosis of, 316 
myxoma of, 332 
nerves of, 236 
nodular opacity of, 312 
non-vascularity of, 5 
nubecule of, 314 
nutrition of, 6 
cedema of, in glaucoma, 315, 500, O1 
opacities of, see OPACITIES OF CORNEA 
opaqueness of, how caused, 5 
operations on, 967 
papilloma of, 332 
paracentesis of, 264, 298, 330, 436, 485, 520, 
75, 96 ee. 
how favoring tissue metamorphosis in 


eye, 13 


Cornea, perforation of, 251 

phlyctenule of, see CorNnBA, 
CENCE IN 

physiology of, 3 
phthisis of, 254 
pigmentation of, 316 
polish of surface, examination of, 236 
precipitates on, 399, 414, 427 
pressure opacity of, 315 
ribbon-shaped opacity of, 310 
rupture of, 308, 343 
sarcoma of, 332 
sears of, see OpAciTyY OF CORNEA 
scleral portion of, 235 
sclerosis of, primary, 315 
Scraping of, 275, 287, 306, 312, 320 
scrofulous infiltrates of, 302 
senile marginai atrophy of, 310 
sensitiveness of, extreme, 4 
Sensitiveness of, how tested, 79, 238 
shape of, 231 
size of, 231 
solutions of continuity in, 305 
staining of, with blood pigment, 316 
staphyloma of, see SraPpHYLOMA 
striate opacity of, 303 
stroma of, 232 
structure of, 232 
suturing of, 307 
tattooing of, 973 
temperature of, 6 ; 
thinning of, in keratoconus, 331 
transparency of, 4, 231, 238 
transplantation of, 972 
trephining of, 971 
tumors of, 332 
ulcer of, see ULceR (CORNEAL) 
uveal portion of, 235 ; 
vascularization of, 6, 244, 289, 292 
vesicles of, 284, 287 
wounds of, 6, 305, 942 
wrinkling of, 237 
xerosis of, 219, 280 
zonular opacity of, 310 

Corneitis, see KERATITIS 
scrofulosa, 296 

Corneo-sclera, 3 

Corona ciliaris, 370 

Corpus vitreum, 559 

Corpuscles, corneal, 233 

Corresponding points, 731 

Cortical reflex, 383 

Coryza producing chronic dacryocystitis, 705 
producing sinuitis, 824 

Couching, 1002 

Crab’s eyes inserted into the eye, 212 


Credé’s method of prophylaxis of ophthalmia 


neonatorum, 161, 162 

Crescent, 96 

chorioidal, 97 

distraction, 459 

inferior, 463 

scleral, 96 

supertraction, 459, 461 
Critchett’s tenotomy, 1011 
Crookes’ glass, 53, 206 
Croup and diphtheria, relations of, 191 
Croupous conjunctivitis, 191 

form of diphtheria, 187 
Crusta lactea, 659 
Cryptophthalmus, 698 
Crypts of the iris, 364, 366 


Crystalline body or lens, see 1 eNs (CRYSTALLINE) 


swelling of Soemmering, JG00 
Cuignet’s discovery of retinoscopy, 107 
tests for simulation, 128 
Curetting of cornea, 275, 287, 306, 312, 320 
Cutaneous diseases causing conjunctivitis, 202 
diseases of lids, 656 
horns on lids, 695 
Cyanopsia, 51 
Cyanosis of retina, 571 
Cyelitic hull (or membrane), 409, 415 
Cyclitis, 368, 404, 427 
course and termination of, 407 
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EFFLORES- 
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16 : INDEX 
Cycites, diegoss of, fom as, Desquamstive epitheliosi, 150 
emibey of, 21, 7 Dewzersnopia, 635 . 
cares = +e Saeuiegaasall ok tie pa ae 
Cyrindiniz se. S66 conjugate, 733, 7 
ee ——— 
poker te - ae convergent and divergent, 779, 782 
eee cg i ao ae oe ON GiSerentintiom of diferent kinds, 762, 763, 
Besar >. ~ = sia - 
Cyimdrams 25%, TM, 333 etiologies! cilassiSestion of, 778 
Cys 235, £55. S63, S51, 521, W066 imsuperable, see S 


63 
Daviel’s discovery of the method of eataract 
i 1902 


of eataractous lenses, 530. 542 

of corneal opacities, 31€ 

of eye, 38 . m E on 

pigmentary, of retina, 

senile, 38 

tapeto-retinal, 588 
Delirium after eye operations, 52, 928 
Demodex folliculorum, 672 
Dental infection, see Teeta 
Deposits on cornea, 399, 414, 427 

ressio cataracte, 525, 1002 
Depression of cataract, 525, 1002 

of eye, how effected, 719, 721 
Depressors, left-hand and right-hand, 720 
Depth, —-- of, how affected in squint, 764 

how effected, 732 
Dermatitis, blastomycetic, 662 
tiformis, causing conjunctivitis, 204 

Dermoid cysts, 695, 820 

tumors of conjunctiva and cornea, 223 
Descemetitis, see Crciitis, SmrpLe 
Descemetocele, 251 
Descemet'’s membrane, 235 

membrane, laceration of, from stretching, 

331, 332 

membrane, not stained by fluorescein, 244 
Desmarre’s clamp, 943 

elevator (or lid retractor), 75, 916, 917 

needle, 988 


primary . in paralytic squint, 
737, 746, 767, 768 és 
primary - im spastic squint, 758 


operstion for — a 
Seissors foreeps, 975, e 
Disbetie estarset, 546 


Disnoux’s operation for trichiasis, 931 
Disphanoscope, Disphanoseopy, 94 


method of tenotomy, 1011 

Diet in eye di » 52, 200 
iferentiation, minimum of, 127 

Difusion circles, $48 

images in astigmatism, 889 

of light by opacities of cornea, 21, 319 
Dilscerstio cataractz, 990 
Dilaceration, 990 
Dilatator pupille, 366, 450 
Dilstor, Ziegler’s, 931 
Dimethyl sulphate causing corneal opacity, 309 
a 221, 298, 300, 305, 335, 341, 


i 


Diphtheria and croup, relations of, 190 
and diphtheritis, 191 
causing conjunctivitis, 186 
mydriasis, 450 
optic neuritis, 621 
ysis of accommodation, 450, 908 
paralysis of eye muscles. 450, 754, 756 
purulent chorioiditis, 471 
ulcers of cornea, 259 
en plaques, 188 
_ .of conjunctiva, 186 
Diphtherial and diphtheritic, distinction be- 
tween, 191 
_ antitoxin, 69 
Pupiobackitan causing eye disease, 31, 143, 149, 


aw 


the 
aa lt I il 


Diplococcus samoensis, 143 

Diplopia, 728 
avoidance of, a cause of squint, 788 
binocular, 728 *. 
caused by pressure on eye, 731 __ 
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Diplopia, caused by tenotomy, 764 
crossed (or heteronymous), 729 
homonymous, 729 
in heterophoria, 790 
in paralysis, 746 et seq. 
in spasm of eye muscles, 75S 
in strabismus, 763, 764, 782, 787, 790 
left, 730 
measurement of, 731, 746, 748 
overcoming of, 734, 793, 794 
monocular, 735, S67 
paradoxical, 764 
pathological, 733 
physiological, giving ideas of depth, 732 
plotting of, 746 
right, 130 
tests, 746, 769-773, 775 
vertical (or with difference of level), 729 
with approximation of one image, 751 

__ with tilting, 730, 750 

Diptera, larve of, in retina, 591 

Direct illumination, 93 
method, 87, 103 
reaction of pupil, 81 

_ ¥ision, 113 

Discissio cataracte, 987 

Discission, 987 
instruments for, 988 
needle, 988 
of membranous cataract, 990 
of soft cataract, 987 

Disinfection ot bands and instruments, 913 

Disjunctive movements, 720, 721 
nystagmus, 799 

Disk, optic, see PAPILLA 

Disks, medicinal, see TABLETS 

Disparation, 732 

Displacement of cataract, 1002 
of pupil, 454 
parallactic, 112 

Dissociated movements, 802 
nystagmus, 799 

Distance of objects, how judged, 732 

Distichiasis, 677, 678, 944 

Distortion produced by astigmatism, 891 

Distraction crescent, 459 

Divergence, 722 
abduction, 722 
anomalies of, 779 
excess, 779, 784 
in a vertical plane, 722 
insufficiency, 779, 781, 782 
latent, see ExOPHORIA 
measurement of, 734, 777 
nerve centers for, 723 
paralysis of, 781 
prism, 777 
tests of, 765, 776 
vertical, 722, 734 

Divulsor, 938 

Donders’s explanation of the development of 

squint, 780, 781, 784 
explanation of venous pulse, 102 
schematic eye, 840 
test of color sense, 642 
theory of glaucoma, 507 
work in refraction, 828 

Double images, Double vision, see DipLop1a 

Double-object test for scotoma, 124 

Dransart’s operation for ptosis, 964 

Dressing in eye operations, 52, 54, 925 

Druses, 38, 457 

Duct, lachrymal (or nasal), 700 

Ductus lacrimalis, 700 

Dural sheath of optic nerve, €05 

Dyschromatopsia, 636 

Dysentery causing iritis, 426 

Dystrophia epithelialis corner, 312 

Dystrophie marginale symétrique, 310 

Dystrophies, 309, 665 


E 


Ear, irritation of, causing nystagmus, 800, 801 
Earning power, how affected by injuries, 355, 356 
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¥earteurs, 917 
Eccentric fixation, 765 “ 
illumination, 90 
Ecchymoma subconjunctivale, 212 
echymoses of conjunctiva, 212 
of lids, 695 
Echinococcus, 563, 591 
Eclipse blindness, 22 
Ectasiew, lymphatic, 222 
of cornea, 176, 321 
of sclera, 356 
Ectatic cicatrix of cornea, 250, 254 
Ectogenous infection, 29 et seq., 413, 470 
suppuration in vitreous in, 417 
Ectopia lentis, 454, 557 
pupille, 454 
Ectropion, 681 
cicatricial, 682, 683, 959 
how developed in blepharitis, 668 
in conjunctivitis catarrhalis chronica, 148 
in trachoma, 175 
luxurians, 681 
operations for, 954, 957 
paralytic, 682, 958 
sarcomatosum, 681 
senile, 682, 958 
spastic, 681, 957 
tarsorrhaphy for, 954 
treatment of, 683, 954, 957 
uvee, 411, 454 
Eczema of lids, 659, 663 
Eczematous conjunctivitis, 192 
Edridge Green’s lantern, 642 
Eel’s blood conjunctivitis, 213 
Efflorescences of conjunctivitis eczematosa, 13 
Electric light producing conjunctivitis, 24 
light producing retinitis, 23 
loupe, 77 
ophthalmia, 24 
ophthalmoscope, 87 
shock producing cataract, 25 
shock producing optic neuritis, 622 
thermophores, 56 
Electricity, 57, 282, 321, 335, 434, 452 627 
645, 646 
Electrolysis, 57, 207, 444, 944, 945 
Electromagnet for removing foreign bodies, 1007 
Elephantiasis of lids, 666 
Elevation of eye, how effected, 719, 721 
Elevator, Desmarre’s, 75, 917 
Elevators, 720 
left-hand and right-hand, 720 
Elliot’s method of sterilizing conjunctiva, 915 
summary of glaucoma theories, 509 
trephining, 473, 511, 512, 972, 984 
Elschnig’s method of fixing eye, 917 
method of sterilizing the conjunctiva, 914 
Embolism of central artery, 573 
Embryology of eve, 390 
Embryontoxon, 316 
Emmetropia, 840 
character of ciliary muscle in, 870 
diagnosis of, 856 
Emphysema of lids, 694, 815 
of orbit, 815 
orbito-palpebral, $15 
palpebral, 815 
subconjunctival, 223 
Empyema of the accessory sinuses, 825 
Encanthis benigna, 230 
maligna, 230 
Enchondroma, 697, 823 
Endocarditis, ulcerative, 
chorioiditis, 471 
Endogenous infection, 29, 36, 420, 471 
of wounds, 38 
Endophthalnitis, 467 
septica, 419, 468 
Endothelioma, 449, 478, 631, 823 
Enophthalmus, 807, 816 
Entozoa in eye, 225, 446, 563, 591 
in orbit, $21 
Entropion, 672 
canthoplasty for, 953 
caused by blepharophimosis, 685 


causing purulent 
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Entropion, cicatricial, 680 
how developed in trachoma, 175 
operations for, 954 
spastic, 678 
treatment of, 680 
Enucleation, 1023 
dangerous in panophthalmitis, 472, 1025 
indications for, 351, 352, 437, 439, 447, 471, 
478, 479, 512, 971, 1026 
instruments for, 1009 t 
method of performing, in case of malignant 
growths, 1026 : 
not an absolute preventive of sympathetic 
ophthalmia, 430 
partial, 1028 
preceded by canthoplasty if eye is large, 953 
primary, 351, 1027 
secondary, 352, 1027, 
under local anesthesia, 915 
Epicanthus, 697 
Epilation, 678 
forceps, 671 
Epileptic convulsions causing cataract, 548 
Epinine, 64 
Epiphora, 704, 711 
after extirpation of lachrymal sac, 708 
causing blepharitis, 669 
produced by coryza, 711 
produced by lagophthalmus, 686 
Episcleritis, 334 
periodica fugax, 336 
Epitarsus, 162 
Epithelioma, 226, 228, 332, 696 
Epitheliosis, desquamative, 180 
Equilibrium, latent disturbances of, 762 
manifest disturbances of, see STRABISMUS 
muscular, 718, 760 
of body, disturbance of, 50 
position of, 708, 760 
Erect image, examination with, 87, 103 
Ergot causiag nystagmus, 800 
Ergotism, cataract in, 547 
Erosions of cornea, 305 
Erysipelas causing iritis, 426 
causing orbital cellulitis, 811 
causing purulent chorioiditis, 471 
causing thrombosis of central vein of retina, 
576 
of lids, 656, 663 
Erythropsia, 22 
Eserine, action of, 62, 389 
effect of, on tension, 19, 493, 515, 516 
in diagnosis of glaucoma, 490 
uses of, 62, 494, 515, 516, 901 
Esophoria, 762, 779 
operation for, 795, 1022 
spasmodic, 781 
Esotropia, 762, 1020 
Ether causing nystagmus, S00 
in eye operations, 917 
Ethmoid cells, distention of, 826 
Ethylhydrocupreine, see OpTOCHIN 
Etiology, general, 20 
Eucaine, 64 
Eumydrine, 388 
Euphos glass, 53 
Euphthalmine, 388, 389, 397, 493 
Eversbusch’s operation for ptosis, 964 
Evisceration of eye, 472 1 
of orbit, 478, 1024, 1029 
Examination, general, of patient, 75 
objective, of eyes, 75 
of anterior chamber, 79 
of children, 76 
of conjunetiva, 77 
of cornea, 78, 236 
of corneal reflex, 78, 236 
of eyeball, 75 
of field of vision, 114-125 
of fundus, 94 
of iris, 80 
of lens, 82 
of lids, 75 
of malingerers, 127 
of pupil, 81 
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Examination, of refracting media, 92 
of refraction, 103, 106, 107, 111, 865, 882— 
898, 900 
of tension, 19, 82 
with erect image, 87 
with inverted image, 88 
with ophthalmoscope, 80, 85, 87 
Exanthemata of lids, 656 
Exanthematous conjunctivitis, 192, 202 
Excavation, atrophic, 486 
glaucomatous, 485, 486, 497 
partial, 99, 487 
physiological, 99, 485, 604 
total, 487 
Exclusion, see SUPPRESSION 
Excursions of eye, how measured, 744, 774, 1013 
Excursion test, 744, 775 
Exenteratio bulbi, 1027 
orbitez, 478, 1029 
Exenteration of eyeball, 472, 1027 
of orbit, 478, 1024, 1029 
Exhaustion field, 644 
Exophoria, 762, 782 
operation for, 795, 1022 
Exophthalmia fungosa, 597 
Exophthalmic goitre, 817 
Exophthalmometer, 807 
Exophthalmus, 806 
after injuries, 816 
after tenotomy, 1014 
character of, in tumors of optic nerve, 631 
due to Basedow’s disease, 817, 818 
due to dilatation of accessory sinuses, 826 
due to hemorrhage and emphysema, 814, 
815, 816 
due to oculo-motor paralysis, 742, 806 
due to orbital cellulitis, 810 
due to orbital tumors, 631, 819 
due to tenonitis, 813 
due to thrombosis of cavernous sinus, 812 
intermittent, 822 
pulsating, 822 
Exostosis eburnea, 823 
Exotropia, 762 
Explosion injuries, 646, 689 
Expression of trachoma, 936 
Expressor, 936 
Externi, insufficiency of, see EsoPHORIA 
Externus, see Rectus, EXTERNAL 
Extirpatio bulbi, 1023 
Extorsion, 716 
Extractio cataracts, 991 
Extraction of cataract, see CATARACT EXTRACTION 
of dislocated lens, 1005 : 
Exudate, chorioidal, distinguished from atrophic 
spots, 456 
gelatinous, in anterior chamber, 399 
into anterior chamber, 398, 399, 404, 413 
into posterior chamber, 401, 404, 409, 415 
into vitreous, 405, 411, 415, 561, 562 
So (or spongy) in anterior chamber, 
396 
Eye and skull, comparison of, 25 
artificial, 1025 
atrophy of, 411, 416, 439, 468, 494 
axes of, 715 
blood-vessels of, 378 
center of rotation of, 77 
cleansing of, before operations, 913, 914 
coats of, 3 
collapse of, 924 
congenital defects of, 39 
contusion of, 816, 909 
eyclopean, 731, 732 
degeneration in, 494 
development of, 390 
dimensions of, 76 
dislocation of, 806, 814 
disturbances of motility of, 712 
dressings for, £4 
ectasia of, see STAPHYLOMA 
effect of heat, light and electricity on, 20 
elongation of, diminishing hypermetropia and 
producing myopia, 867, 873, 887 
embryology of, 390 


¢ 
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Eye, entozoa in, 225, 446, 563, 591 

enucleation of, see ENUCLEATION 

essential nature of, 3 

evisceration of, 472, 1027 

examination of, 75 

exciting, 419, 429 

excursions of, how measured, 744, 774, 1013 

exenteration of, 472, 1027 

extirpation of, 1025 

fibrous coat of, 3 

filtration in, 7 

fixation of, in operations, 917 

foreign bodies in, 347, 563, 1006 

function of, how tested, 113 

guards, 53 

hemorrhage from, 223, 472, 924 

hemorrhage into, 340, 341, 398, 441, 443, 
560, 562, 571, 573, 582, 923, 924 

hygiene of 52; seealso HyGrrnic TREATMENT 

incisions in, 917 

injuries of, 25, 34, 211, 271, 304, 339 et seq., 
351, 353, 413, 440, 443, 471, 494, 518, 537, 
548, 552, 557, 582, 583, 595, 599, 630, 693, 
807, 809, 811, 814, 816, 1027 

luminosity of, 90 


: luxation of, 806, 814 


lymph passages of, 14 
metabolic disorders of, 27, 297, 422, 426 
moistening of, how effected, 703 
movements of, see MOVEMENTS 
muscles of, 712 
nutrition of, 5, 6, 8, 10, 11 
objective examination of, 75 
operations upon, 913 
optical properties of, 840 
outflow from, 14 
pathology of, 20 _ 
perforation of, 339, 469, 816 
phthisis of, 417, 469, 494, 520 
physiology of, 3 
position of, in orbit, 806 
reduced, 840 
refraction of, 840 
rupture of, 308, 341 et seq. 
schematic, 840 
senile changes in, 38, 102, 521, 626, 859, 861, 
872, 883 
shape of, in hypermetropia, 883, 886, 887 
shape of, in myopia, 869 
sympathizing, 420, 429 
temperature of, 6 
effect of hot and cold applications on, 55 

tension of, see TENSION 
therapeutics of, 52-71 
toilet of, in cataract extraction, 995 
tumors of, causing glaucoma, 518 
tumors of, necessitating enucleation, 1026 
wounds of, 339 

Eyestones inserted into the eye, 212 

Eye water, see COLLYRIUM 


F 


Facet of cornea, 250, 314 
Facial nerve, paralysis and spasm of, 687, 690 
Falling bodies, Hering’s test with, 728 
Falx, 482 
Far point, 853 

absolute, 859 

determination of, 856 

in hypermetropia, 878 

in myopia, 864 

of convergence, 721 

recession of, 861 

relative, 859 

virtual, 878 
Far sight, 878 
Fascia bulbi, 714, 805 

of ocular muscles, 714 

of orbit, 803, 805 

of Tenon, 714, 805 

tarso-orbitalis, 653, 805 
Fasciculus, vascular, 194, 196, 258, 314 
Fat, implantation of, into Tenon’s capsule, 1028 
Fatigue (or exhaustion) field, 644 
Fetal ocular cleft (or fissure), 391, 481 
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Fever in eye diseases, 43 
Fibroma, 332, 362, 631, 697 
Fibrous coat of eye, 3 
Field of action of muscles, 720 
of binocular fixation, 775 
of double vision, 775 
__ of (monocular) fixation, 774 
Field of vision, 114 
binocular, 611 
contraction of, 121, 616, 625, 644, 906 
determination of, 114 / 
diagnostic importance of, for localizing brain 
lesions, 61 
effect of strychnine on, 66 
extent of, 119 
fatigue (or exhaustion), 644 
for colors, 190, 124 
for colors, reversed, 616, 645 
in detachment of retina, 592, 593 
in glaucoma, 488, 503 
in hysteria and neurasthenia, 644’ 
in optic-nerve atrophy, 626 
in optic neuritis, 616 
in retinitis pigmentosa, 586 
in strabismus, 765 
interlacing, 616, 645 
inverted, 616, 645 
necessity of determining, as preliminary to 
iridectomy and cataract extraction, 977 
oscillating, 644 
pathological alterations of, 121; 
Scoroma and HemiIopia 
projection of, 116-118 
reversed, 616, 645 
sector-shaped defects in, 121 
sieve-like, 123 
spiral, 644 
true, 120 
tubular, 644 
Filaria in eye, 5€3, 591 
Filix mas causing toxic amblyopia, 628 
Filtration in eye, 7 
cedema, 222 / 


see also 


Fissure, fetal ocular, 391, 481 
palpebral, 647 
Fistula, capillary, 710 
lachrymal, 709, 710 
of cornea, 255, 265, 980 
Fixation, 113, 727 
binocular, 720, 727 
tests of, 765, 766 
development of, 799 
eccentric, in strabismus, 765 
exercises of, 792 
field of, 774 
binocular, 775 
forceps, 917 
monocular, 113 
tests of, 765, 766 
test, 766 
Flap, conjunctival, 917, 919, 942, 984, 994, 1006 
extraction of cataract, 993 
incisions, 918 
made from ear, 963 
non-pediculate, 960, 961 
pediculate (or sliding), 960 
Flarer’s operation for trichiasis, 945 
Flies transmitting conjunctivitis, 142 
Fluorescein in the diagnosis of corneal ulcers, 
7, 248, 244 
Focal distance, principal, 832 
illumination, 77 
Focus, principal, 831 
real, 83] 
virtual, 832 
Fold, covering, 648 
retrotarsal, 134 
semilunar, 137 
Follicles in conjunctiva, 150, 151, 163, 181 
Follicular catarrh, 150 
Fontana’s space, 372 
Foramer sclere, 600 
Forceps, capsule, 992 
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Forceps, cilium (or epilation), 671 
fixation, 917 
iris, 975 
Prince’s, 1009 
Reese’s, 1018 
roller, 936 
scissors, 975 
strabismus, 1009 
trachoma, 936 
Foreign bodies in the conjunctiva, 211 
in the cornea, 304, 967 
in the eye, 347, 563, 1006 
in the orbit, 816 
in the vitreous, 563 
localization of, 347 
magnet for, 1007 
sclerotomy for, 1006 
Foreign-body hook, 967 
Foreign-body needle, 967 
Form sense, see SPACE SENSE 
Fornix conjunctive, 133, 134 
operation for restoring, 941 
Foérster’s, operation for ripening cataract, 998 
perimeter, 119 
photometer, 127 
Fossa glandulz lacrimalis, 699 
patellaris, 559 
sacci lacrimalis, 699 
Fourth nerve, see TROCHLEAR NERVE 
Fovea centralis, 102, 565, 567 
Fracture of skull causing ecchymosis of lids, 695 
causing optic-nerve atrophy, 631 
causing paralysis of eye muscles, 755 
of bones of orbit, 814 
Franklin glasses, 838 / 
Fricke’s blepharoplasty, 960 
Fréhlich’s method of tattooing, 973 
Frontal axis, 715 
sinus, dilatation and inflammation of, 826 
Fuchs’s method of tarsorrhaphy, 953 
wire mask for operations, 925 
Functional capacity, 356 
testing, 113 
Fundus, albinotic, 103, 483 
appearance of, with ophthalmoscupe, 94 
coloration of, 103 
examination of, 94 
measurement of projections and depressions 
of, 112 
tessellated, 103, 376, 457 
visible from a distance in ametropia, 111 
Fungi causing keratitis, 6, 276 
Funnel, muscular, 713 
vascular, 99 
Furuncle of lid, 660, 663 
Fusion, 608, 734 
center, 608 
faculty (or tendency), 734 
faculty, undeveloped, as a cause of squint, 788 


G 


Gaillard’s suture for entropion, 955 
Gallicin, 60, 150 
Galvanocautery, see CAUTERIZATION 
Gangrene of lids, 665 
Gayet’s operation for trichiasis, 951 
Gerontoxon corner, 231 

lentis, 538 
Gifford’s symptom in Basedow’s disease, 817, 818 
Gillet de Grandmont’s operation for ptosis, 964 
Glacier-burn, 24 
Glanders, 210 
Glands, Henle’s, 134 

Krause’s, 133 

lachrymal, 699 

Meibomian, 653, 672 

Moll’s, 654 

Zeiss’s, 654, 672 
Glandula lacrimalis, 699 
Glass-blowers’ cataract, 21, 23, 546 
Glasses, 831 

adjustment of, 839 

amber, 53 

analysis of, 837 


INDEX 


Glasses, biconcave, 833 

biconvex, 833 

bifocal, 838 

centering of, important, 839 

combination of, 835, 893, 900 

concave, 831 

condensing, 831 

convex, $31 

coquille, 834 

Crookes’, 53 

cylindrical, 835 

decentration of, 837 F 

disadvantages of, in certain professions, 847 

dispersing, 831 / 

effect of, how varying with distance from eye, 
832 

euphos, 53 

for accommodative insufficiency, 907 

for anisometropia, 904 

for aphakia, 1000 

for astigmatism, 893, 899, 902 

for dislocation of the lens, 556, 558 

for hypermetropia, how prescribed, 888, 902 

for keratoconus, 332 

for myopes, rules governing their prescrip- 
tion, 875, 902 

for near work, 862 

for opacities of the cornea, 321 

for paralysis and insufficiency of accommoda- 
tion, 906, 909 

for presbyopia, S62 

for reading, 862, 875, 876, 887, 902 

for strabismus, 791 

Franklin, 838 

kryptok, 839 

measurement of, 837 

meniscus, 834, 83Y 

minus, 832 ; 

numbering of, 832, 833 

opaque, in diplopia, 757 

optical center of, 838 

periscopic, 834 

plano-concave and plano-convex, 833 

plus, 832 

prescribing of, rules for, 862,875,886, 902, 904 

prismatic, 836 

prismatic effect of, when decentred, 837 

protective, 53, 207 

reading, 862 

reversing, 109 

smoked, 53 

spherical, 835 

stenopeic, 321, 332, 839 

theory of, 831 

tinted, 53 

toric, 834, 839 

Glaucoma, 484, 525 

absolutum, 494 

accommodation reduced in, 490, 496 

acute, 491 

anatomy of, 501, 518 

anterior chamber in, 489, 490, 494, 600, 505 

aqueous in, 501 

attack of, 491 

atropine in, baneful action of, 493 

cataract in, 495 

cause of increase of tension in, 504 

cause of mydriasis in, 501 

causing insufficient accommodation, 906 

chorioid in, 502 

ciliary body in, 501, 502 

congenital, 498 

congestive, 489 

corneal cloudiness in, 
500, 501 

corneal degeneration in, 494 

corneal ulcer in, 261, 494 

course of, 492, 497 

degeneration of eye in, 494 

diagnosis of, 484, 487, 490, 493 

enlargement of blind spot in, 488 

enucleation in, 512, 1027 

eserine in, 490, 515 

etiology of, 504 et seq. 

evolutum, 491 


315, 489, 490, 494, 
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i ad excavation of optic nerve in, 485, 486, 


familial, 496 
field of vision in, 488, 503 
frequency of, 484 
fulminans, 495 
hemorrhage after iridectomy in, 511 
hemorrhagic, 518, 519, 520, 576 
history of our knowledge concerning, 484 
importance of diagnosis of, 484 
inflammatorium acutum, 489 
inflammatorium chronicum, 495 
infammatory, its relations to glaucoma 
_ Simplex, 497 
iridectomy in, 510, 520, 979 
iris, changes of, in, 491, 494, 500, 501 
lens in, 505 
malignum, 514 
massage in, 517 
medical treatment of, 515 
mioties in, 493, 515, 519 
mydriatics in, 493, 507 
mydriatic test for, 491 
non-congestive, non-inflammatory, 489, 496 
cedema of cornea and iris in, 316, 500, 501 
of childhood, 498 
eon for, 510, 520, 979, 980, 983, 984— 
~ 986 
ophthalmoscopie appearances in, 485 
optic nerve in, 485-488, 492, 494, 497, 502 
optico-ciliary neurotomy in, 512, 1029 
pain in, 44, 45, 491, 492 
paracentesis in, 520 
pathological anatomy of, 494, 501 
pilocarpine in, 490, 515 
predisposition to, 495, 496, 505 
primary, 484, 489 
prodromal stage of, 45, 489 
produced by burns, 212 
paainoed by intra-ocular tumors, 475, 518,519, 
5 
prognosis of, 485, 513 
pulsation of retinal vessels in, 100, 488 
pupil in, 489, 491, 493, 507 
relation of, to blood-pressure, 507, 510 
relation of, to hyperopia and myopia, 496, 
497, 505 
relation of, to scleral ectasiw, 360, 517 
relation of, to size of lens, 505 
relation of, to size of pupil, 493, 507 
relation of, to staphyloma of cornea, 327, 517 
selerectomy in, 511, 512, 520, 986 
selerotomy in, 512, 983 
scotomata in, 488 
secondary, 484, 517 
simplex, 496 
efficacy of iridectomy in, 515 
its relations to inflammatory glaucoma, 
497 
sclerectomy in, 515, 986 
stages of, 489 
symptoms of, 488, 489, 491, 494, 503 
theories of, 499, 507, 509 
traumatic, 494, 518 
treatment of, 510, 519 3 
trephining of sclera for, 511, 512, 520, 986 
visual acuity in, 488, 503 
Glioma, 596, 823 
Globulin reaction, 71 
Gonococce mia, 426 
Gonococcus, 152, 160, 425 a 
complement-fixation test for, 69, 425 
infection, extragenital, 156 
vaccine, 70 
Gonorrhea! chorioiditis, 471 ? 
conjunctivitis (or ophthalmia), 152 
iritis, 37, 425 
Gout causing eye diseases, 426, 484, 813 
causing headache, 48 
Graefe (Albrecht), see VON GRAEFE _ : 
Graefe’s (Alfred) method of performing eviscera- 
tion of eye, 1027 
test for simulation, 129 
Graft, aural (Biidinger’s), 963 
dermic (Le Fort or Wolfe), 962 
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Graft, epidermic (Reverdin), 962 
hiersch’s, 962 
Granular conjunctivitis, see TRACHOMA 
form of trachoma, 164 
lids, see TRACHOMA 
Granulations of conjunctiva, after diphtheritice 
conjunctivitis, 188 
of A a cake occurring in various diseases, 
trachomatous, 163, 165 
Granulation tumor, 226, 447 
Granuloma, 447, 599 
Grattage, 936 
Graves’s disease, 918 
Green blindness, 636, 640 | 
cataract, 491 
Green, diminisked perception of, a sign of optic- 
nerve disease, 125, 626 
Gruening’s operation for divergent squint, 1018 
Guérin the first to perform advancement, 1018 
Gumma of iris aud ciliary body, 423, 424 
of lids, 662 
Guthrie’s incision for uleus serpens, 968 


H 


Haab’s cortical reflex, 383 
magnet, 1007 
Habitus glaucomatosus, 492 
Hemangioma, 226, 821 
Hemophthalmus, 340 : 
Hemorrhage causing optic neuritis, 622 
expulsive, 472, 924 
ex vacuo, 925 
from conjunctiva, 223 
in orbit, 814 
into anterior chamber, 340, 398, 441, 443, 923 
into optic nerve, 575 
into retina, 571 
into vitreous, 341, 560, 562 
intra-ocular, enucleation for, 1027 
intra-ocular, in operations, 923, 924 
from perforation of cornea, 256 
in glaucoma, 256, 511 
juvenile recurrent, 562, 571, 573, 582 
preretinal and subhyaloid, 571 
Hemorrhagic glaucoma, 518, 519, 520, 576 
retinitis, 581 
Hair follicles, ablation of, 945 
raising of, by Hotz’s operation, 948 
transplantation of, 946 
Haitz apparatus, 124 
Halberstaedter-Prowazek bodies, 180 
Halo glaucomatosus, 488, 502 
Hand used for testing field of vision, 114 
Hands, disinfection of, 913 
Hasner’s valve, 702 
Hay fever, conjunctivitis of, 26, 143 
Headache, 44 
habitual, 48 
Head-nodding in nystagmus, 799, 800, 801 
Head-tilting, 51, 740, 757 
Healing after operation, 927 
after operation, irregular, 928 
of corneal ulcers, 240, 242, 249 
Heat, application of, see Hor AppLicaTrions 
causing cataract, 21 
effect of, on eye, 20, 56 
Heine’s cyclodialysis, 986 
Heisrath’s operation, 950 
Helmholtz’s discovery of the cause of the dark- 
ness of the pupil, 91 
discovery of oblique illumination, 78 
invention of the ophthalmoscope, 85 
ophthalmometer, 894, 895 
theory of accommodation, 851, 861 
theory of color perception, 636 
Hemeralopia, 634 
congenital, 588 
idiopathic, 634 
in cataract, 528, 635 
in retinitis pigmentosa, 526, 635 
Memianopia, Hemianopsia, 612 
Hemicrania, see MIGRAINE 
Hemiopia, 612, 616 
tract, 755 
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Hemiopic pupillary reaction, 82, 614, 755 
scotomata, 614 — 
Hemiparalysis, conjugate, 796 
Henderson’s theory of glaucoma, 508 
Henle’s glands, 134 
Herbert’s method of sterilizing conjunctiva, 915 
sclerotomy, 983 
Heredity, 41 
Hering’s test with falling bodies, 728 
theory of color perception, 639 
theory of projection and space perception, 731 
Hernia cerebri, 821. 
of iris, see In1s, PROLAPSE OF 
Herpes conjunctive, 192 
corner febrilis (febrilis cornew), 259, 285 
cornes zoster (zoster corner), 259, 285, 659 
febrilis, 259, 285, 656 
iris of conjunctiva, 192, 204 
zoster causing iritis, 426, 659 
zoster causing keratitis profunda, 299, 659 
zoster causing paralysis of eye muscles, 659 
zoster of lids, 657 
zoster ophthalmicus, 285, 657 
Hess’s operation for ptosis, 965 
test types, 846 
Heterochromia iridis, 368, 550 
Heteronymous diplopia, 729 
Heterophoria, 760, 762, 780, 783 
differentiation of, from orthophoria, 767 
differentiation of, from squint, 768 
operation for, 795 
symptoms of, 790 
treatment of, 791 
Heterotropia, 760 
euerman’s section, 968 
Heurteloup’s artificial leech, 58, 434 
Himly’s operation for symblepharon, 941 
Hippel’s corneal trephine, 972 
retinitis, 583 
Hippus, 452 
Hirschberg’s magnet, 1007 
test, 768 
Histology, see Microscopic ANATOMY 
History of cataract operation, 912 
of our knowledge about cataract, 512 
of our knowledge about glaucoma, 484 
of our knowledge about trachoma, 178 
Holmgren’s worsted test for color blindness, 641 
Holocaine, 63, 305, 493, 915 
Holth’s sclerostomy, 986 
Homatropine, 61, 388 
causing convergence-excess, 780 
diagnostic use of, in glaucoma, 491 
diagnostic use of, in iritis, 397 
for determining the refraction, 901 
producing glaucoma, 61, 493 
Homonymous-color test, 124 
diplopia, 729. 
hemiopia, 612, 613 
Honey cysts of orbit, 820 
Hook, Agnew’s, 999 
Bruns-Clark, 1009 
foreign-body, 967 
iris, 974, 975 
Reisinger’s, 999 
sharp, 992 
squint, 1009 
Tyrrel’s, 975, 992 
Hordeolum, Hordeolus, 672 
externum, 672 
internum, 672 
meibomianum, 672 
zeissianum, 672 
Horner’s muscle, 652 
Horns on lids, 696 
Horst’s eve water, 150 
Hot applications, 56, 190, 200, 222, 263, 274, 
282, 298, 300, 305, 335, 434, 673 
Hotz’s operation, 948, 951 
Humor, aqueous, see AQuEOUS 
vitreous, see Virrmous 
Hutchinson’s discovery of nature of parenchy- 
-matous keratitis, 296 
disease, 457 
teeth, 295 
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Hyaline degeneration of conjunctiva, 207 
of corneal opacities, 316 
Hyalitis, 562 
Hyaloid artery, 392, 559 
artery, persistence of, 559 
canal, 16, 392, 559, 560 
vessels, 393 
Hydrocephalus causing optic neuritis, 621 
causing retinitis, 580 
Hydrogen peroxide, 671 
Hydrophilism of tissues thought to produce glau- 
coma, 508, 510, 517 
Hydrophthalmus, 4, 41, 360, 498, 509, 519 
enucleation for, 1027 
treatment of, 511 
Hydrops sacci lacrimalis, 707 
vagine® nervi optici, 618 
Hygienic treatment in eye diseases, 52-55, 145, 
149, 158, 185, 435, 467, 516, 876 
Hyoscine in glaucoma, 517 
Hyoscyamine, 388 
Hyperemia, Bier’s, 58 
Hypermetropia, 878 
absolute, 884 
axial, 883 
causes of, 883, 887 
changing apparent size of disk, 111 
ciliary muscle in, 870 
concealment of, by accommodation, 
883 
confounded formerly with presbyopia, 878 
congenital, 887 
corneal, 883 
correction of, 880, 888, 902 
course of, 887 
determination of, 105, 108, 879 
developing in old age, 883 
diminishing during youth, 887 
eyeball in, 883, 886, 887 
facultative, 884 
far point in, 878 
fundus visible from distance in, 111 
glasses for, 88S 
high degrees of, S87 
lenticular, 883 
manifest, 881 
produced by cataract extraction, 1000 
produced by detachment of retina, 590 
produced by dislocation of lens, 556 
producing asthenopia, 885 
producing conjunctival catarrh, 149 
producing convergent squint and esophoria, 
780 
producing early presbyopia, 885 
producing headache, 46 
refractive, 883 
region of accommodation in, 886 
relation of, to glaucoma, 496, 497, 505 
relief of, by glasses as a cure for convergent 
strabismus, 791 
simulating myopia, 886 
symptoms of, 885 
total, 881 
treatment, 888 
typical, 883 
varieties of, 883 
Hypernephroma, 449 
Hyperopia, see Hype RMETROPIA 
Hyperphoria, 762, 772, 789, 904 
operations for, 795, 1022 
spasmodic, 790 
Hyperthyroidism, 28 
Hypertony, 83; see also Tenston, INCREASE OF 
relative, 85 
Hypertrophie périkératique, 205 
Hypertropia, 762, 789 
Hyphema, 340, 398, 443 
Hypochyma, 525 
Hypophysis, disease of, 28, 614, 620 
Hypopyon, 245, 246, 398 
keratitis, 266 
Hypothyroidism, 28, 258, 297, 426 
Hypotony, 83, 520, 658, 816 
Hypotropia, 762 


881, 
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Hysterical amblyopia, 354, 644 
asthenopia, 646 
blepharospasm, 688 
convulsions causing cataract, 548 
limitation of field, 644 
spasm of ocular muscles, 759, 781 
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Ice, application of, see CoLp APPLICATIONS 
Ichthyol, 201, 659, 670 
Ichthyosis of conjunctiva, 204 
Idiocy, amaurotic family, 584 
Illacrimatio, 704 
Illumination, direct, 93 
eccentric, 90 
excessive, 21 
focal, 77 
insufficient, 23 
lateral (or oblique), 77 
significance of, in making visual tests, 846 
Image, apparent (or false), 733 
erect, examination with, 87 
inverted, examination with, 88 
real (of a lens), 831 
real, in diplopia, 733 
reflex, of cornea, 237 
reflex of Purkinje-Sanson, 82 
retinal, size of, 841 
true, 733 
virtual (of a lens), 832 
Imbalance, 760 
Immersion method of using argyrol, 145 
Immunization, active and passive, 68 
against abrin and dionin, 27 
Inch system of numbering lenses, 833 
Incision for keratoconus, 972 
for staphyloma, 969 
Guthrie’s (Heuerman’s or Saemisch’s), for 
uleus serpens, 275, 968 
Incisions, varieties and shapes of, 917 
renee of, in cataract operation, 991, 993, 
100. 
varieties of, in iridectomy, 973, 974 
Inclusion blennorrhea, 161, 180 
Indemnity for accidents, 353 
Indirect method of ophthalmoscopy, 88 
vision, 113 
Infarcts of Meibomian glands, 676 
Infection, cryptogenous, 36 
ectogenous, 29, 30 et seq., 413, 470 
endogenous, 29, 36, 420, 471 
of wounds, 
late, 33, 318, 984, 986 
primary, 33, 346 
secondary, 33, 346 
Infiltration ring, 274 
Inflammation after operations, 928, 929 
of chorioid, see CHORIOIDITIS 
of ciliary body, see CyYc.LiTis 
of conjunctiva, see CONJUNCTIVITIS 
of cornea, see KrratiTis, ULceR (CORNEAL) 
and Uxtcus SERPENS 
of iris, see IRITIs 
of lids, see BLEPHARITIS 
of optic nerve, see Optic NEURITIS 
of orbit, see ORBIT 
of retina, see RETINITIS 
of sclera, see SCLERITIS 
of uvea, see Iniris, Irntpo-Cycuitis, and 
CHORIOIDITIS ; 
pathology of, illustrated by the morbid 
anatomy of keratitis, 240 
Influenza bacillus, complement-fixation test for, 69 
producing accommodative insufficiency and 
paralysis, 906, 908 
producing conjunctivitis, 143 
producing glaucomatous attack, 494 
producing herpes cornee, 285 
producing iritis, 426 
producing optic neuritis, 621 
producing orbital cellulitis, 811 
producing paralysis of eye muscles, 754 
producing purulent chorioiditis, 36, 471i 
producing retinal hemorrhages, 573 
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Influenza producing retinitis, 580 
producing sinusitis, 824 
_ producing tenonitis, 813 
Injection, ciliary, 138 ‘ 
circumcorneal, 138 
_ conjunctival, 138 
Injuries of chorioid, 472, 473 
of ciliary body, 443 
of conjunctiva, 211 
of cornea, 304 
of eye, 25, 34, 339 et seq. 
causing glaucoma, 494, 518 
compensation for, 353 
enucleation for, 351, 352, 471 
explosion, 646, 689 
frequency of, 339 
how affecting earning power, 355 
infection after, 346 
perforating, 339 
perforating, anatomical changes in, 340 
et seq., 413 
slight, causing destructive ulcus ser- 
pens, 271 
summary of, 816 
_ treatment of, 351 
of head, causing zoster, 658 
of iris, 440 
of lens, 537, 548, 552, 557 
of lids, 693 
of optic nerve, 630 
of orbit, 809, 811, 814 
of retina, 573, 582, 583, 599 
of sclera, 339 
of skull causing ecchymosis of lids, 695 
of skull causing facial paralysis, 690 
of skull causing optic atrophy, 631 
of skull causing optic neuritis, 621 
Inoculation keratitis, 273 
Insanity after eye operations, 52, 928 
Instillations in the eye, 59 
Instruments for advancement, 1009 
for cataract extraction, 992 
for discission, 988 
for ectropion and entropion operations, 943 
for enucleation, 1009 
for examining eye, 75, 78, 80, 83, 85, 94, 116, 
118, 127, 866, 894, 898 
for extraction of foreign bodies, 967, 1007 
for iridectomy and iridotomy, 975 
for keeping eye open and in place, 916 
for lachrymal stricture, 931 
for operations on lens, 988, 992 
for operations on lids, 943 
for operations on muscles, 1009 
for paracentesis, 988 
for squint operations, 1009 
for tenotomy, 1009 
for trichiasis operations, 943 
sterilization of, 913 : 
Insufficiency of externi, see ESOPHORIA 
of interni, see ExoPHORIA 
of ocular muscles, see HETHROPHORIA 
vertical, see HyPERPHORIA 
Intercalary staphyloma, 359 
Intercentral distance, measurement of, 76 
Intermarginal strip (or space), 648 
Interni, insufficiency of, see ExoPHORIA 
Internus, see Reerus, INTERNAL 
Interpalpebral spot, 136 
zone, 648 
Interpupillary distance, measurement of, 76 
Intervaginal space, 16, 605 
Intestinal auto-toxis causing eye disease, 27, 67, 
622, 906 
Intorsion, 715 
Intracranial tension, increase of, 47, 50 
Intra-ocular pressure, 16 
Invaginations, lateral, of ocular muscles, 714 
Inverted image, determination of refraction with, 
106 
examination with, 88 
arallactic displacement with, 112 
{odides and iodine, 201, 210, 299,. 339, 341, 438, 
466, 560, 622, 627, 757 
causing toxic amblyopia, 630 
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Iodine applied to over ere 263, 274, 287, 307 
Iodoform, 209, 263, , 30 8 
causing optic ele 621 
causing toxic amblyopia, 630 
Ionic medication, 58 
Tontophoresis, 58, 275, 285, 286 
‘Iridectomy, 973 
accidents in, 511, 974 
astigmatism after, 977 
buttonhole, 996 
causes of failure in, 977 
contraindications of, 977 
detachment of chorioid after, 511 
difficulties in performance of, 510, 974 
erythropsia after, 23 
‘for corneal opacities, 321, 976 
for dislocation of lens, 976 
for fistula of cornea, 266, 980 
for foreign bodies of iris, 981 
for glaucoma, 510-515, 520, 979 
for hydrophthalmus, 511 
for irido-chorioiditis, 437 
for iritis, 437, 980 
for keratectasia, 330, 980 
for keratitis vesiculosa, 287 
for oeclusio pupillx, 976 
for optical purposes, 321, 531, 534, 556, 976 
for prolapse of iris, 265, 306, 921, 922, 996 
for ripening a cataract, 998 
for scleritis, 339 
for seclusio’ pupillex, 439 
for staphyloma of cornea, 971, 980 
for staphyloma of sclera, 362 
for stationary cataracts, 531, 534, 976 
for total posterior synechia, 439 
for tubercles of i iris, 447 
for tumors of iris, 444, 448 
forceps, 975 
hemorrhage after, in glaucoma, 511, 923, 924 
how preventing prolapse of iris in opera- 
tions, 923 
how reducing tension, 511 
in cataract extraction, 994, 996, 1004, 1005 
in subluxation of lens, 556 
indications for, 976, 979 
injuries of iris ‘and lens i in, 511, 974 
instruments for, 975 
iridodialysis in, 974 
optical, 321, 531, 534, 556, 976 
performed with Graefe knife, 974 
performed with lance, 973 
preliminary to cataract extraction, 981, , 887 
prolapse of vitreous in, 976 
reduction in sight after, 511 
scissors, 975 
technique of, 973 
Irideremia, 454 
traumatica, 440 
Irido-chorioiditis, 421, 456 
chronic, 427, 465 
purulenta (or suppurativa), 418 
Trido-cyclitis, see Irrris 
Iridodialysis, 410, 440 
causing monocular diplopia, 735 
in iridectomy, 974 
spontaneous, 411 
Iridodonesis, 363, 366, 543, 
Tridoplegia, absolute (or ie +, 450 
reflex, 386 
Iridotasis, 983 
Iridotomy, 981 
extra-ocular (or Po oreee ss 982 
instruments for, 975 
Iris, 8, 363 
absence of, 440, 454 
anatomy of, 363 
atrophy of, 410, 502 
changes of, in glaucoma, 491, 494, 500, 501 
changes of, in staphyloma, 324 
color of, 367 
how changing, 308 
condylomata of, 423, 424 
congenital anomalies of, wae 444, 452, 482 
contraction furrows of, 3 
crypts of, 364, 366 
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Tris, cysts of, 444 x 
development of, 392, 395 
diseases of, 396 
disorders of motility of, 450 
elasticity of, 9 
examination of, 80 
forceps, 975 - 
foreign bodies of, 981 
function of, 382 
gaps in, how formed, 410 
granulation tumor (granuloma) of, 447, 448 
great circle of, 379 
gumma of, 423, 424 
hernia of, see IR1s, PROLAPSE OF 
heterochromia of, 368, 550 
histology of, 366 
holes in, 442 
hook, 974, 975 
hyperemia of, 396 
incarceration ot, in corneal scars, 317 
incarceration of, in operation wounds, 920 
inflammation of, see Ir1TIs y 
inflammatory cedema of, in glaucoma, 500 
injuries of, 440 
inversion of, 441 
laceration of, 441 
lepra of, 449 
lesser circle of, 364, 380 
melanoma of, 449 
naevi of, 368 
nodulation of, in leuchemia and pseudoleu- 
chemia, 447 
cedema of, in diabetes, 547 
cedema of, in glaucoma, 500 
outflow through, 15 
papules of, 423, 424, 449 
pearl cysts of, 444 
perforation of, 442 
piebald, 411 
pigment layer of, 367 
prolapse of, 252, 919 
diagnosis of, 921 
evil consequences of, 921 
how averted by iridectomy, 923 
mode of occurrence in operations, 922 
treatment of, 265, 921, 923 
protrusion of, in iritis, 408, 409 
pupillary zone of, 364 
ose of, in operations, necessity of, 920, 
921, 923 
retinal-pigment layer of, 366, 367, 568 
sarcoma of, 448, 449 
sphincter of, 366 
stroma of, 366 
syphilis of, 422, 435 
transfixion of, 982 
tremulous, 363, 366 
tuberculosis of, 426, 436, 446, 449 
tumors of, 444 
vitiligo of, 411 
Iritis, Irido-ey clitis, 396 
after operations on eye, 929 
anatomical findings in, 397 et seq., 408 et seq. 
aqueous in, 398, 405 
atrophy of iris in, 410 
autotoxsemic, 425 
causing glaucoma, 517, 518 
chronic, 407, 426, 436 
condylomatosa, 424 
congenital, 425 
course and termination of, 407 
diabetica, 426 
diagnosis of, 397, 406, 435 
due to acute conjunctivitis, 141 
acute infectious diseases, 426 
arthritis, 426 
dental infection, 425, 428 
general diseases, 422 
glaucoma, 494 
keratitis, ‘045, 267, 278, 286, 293 
local causes, 428 
metabolic disorders, 422, 426 
perforating injuries, 413 
sarcoma of chorioid, 476 
scleritis, 337 


Initis, due to sinus disease and tonsillitis, 425, 428 
etiology of, 421. 
exudation in, 397 
fetal, 40, 425 
gonorrhoica, 425 
gouty, 426 
gummosa, 423, 424 
infectious, 422 
intra-uterine, 425 
iridectomy in, 437, 980 
keratitis in, 290, 302 
leuchaemic, 447 
metabolic, 422, 426, 436 
metastatic, 420 
morbid anatomy of, 413 
myopia in, 406 
nodular, 447 
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pseudoleuchemic, 447 

purulent, 418 

recurrent, iridectomy in, 980 

recurrent, not dependent upon presence of 

synechiz, 407 

recurring with menstruation, 426 

rheumatica, 425 

serofulosa, see IRrT1s, TUBERCULOUS 

secondary, 421, 433 

sequele of, 408 

serous, 407, 415 

spongy, 399 

sympathica, 419, 428 

\symptoms of, 405 

syphilitic, 422, 435 

tension of eye in, 405, 427 

traumatica, 428, 436 

traumatica serosa, 414 

treatment of, 433, 1027 

tuberculosa, 426, 436, 446, 449 
Irrigation of eye, after operations, 924, 995 
Irritation, sympathetic, 428 


J 


Jackson’s method of removing foreign bodies, 
1007 


test for glaucoma, 491 
Jacobson’s methed of cataract extraction, 1003 
operation for trichiasis, 951 
Jaesche-Arlt’s operation for trichiasis, 946 
Jager’s horn plate, 945 
test types, 846 
Jaundice causing retinal hemorrhages, 573 
Javal and Schidtz’s ophthalmometer, 894, 895 
Jaw-winking, 691 
Jequirity ophthalmia, 26, 185 
treatment of pannus, 185 
Juice canals, 7 
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- Kalt capsule forceps, 992 
Keinig’s treatment for trachoma, 183 
Keratectasia, 329 
e panno, 177, 329 
ex ulcere, 250, 329 
iridectomy for, 980 
- Keratectomy, 969, 971 
= Keratitis, 238 


; 
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ae bacteria of, 33 
- bullosa, 286 

centralis annularis, 290 
. complications of, 245 


deep, in irido-cyclitis, 301 
dendritica, 260 
diagnosis of, 243 

| diffusa, 288 
disciformis, 276 
eczematous, see CONJUNCTIVITIS EczEMA- 


TOSA 
e lagophthalmo, 277, 282, 315 
etiology of, 256 
fascicularis, 258 
fetal, 40, 316 
filamentary, 288 
from mould fungi, 6, 276 
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Keratitis, general features of, 238 
how produced by infection, 273 “ 
hypopyon-, 266 
implication of other parts of eye in, 245 
inoculation, 273 
interstitialis, 288 
marginalis profunda, 302 
marginalis superficialis, 260 
morbid anatomy of, 238 et seq., 268, 291 
neuroparalytica, 281 
non-suppurative, 238, 247, 284 
oyster-shuckers’, 305 
parenchymatosa, 288, 315 
parenchymatosa circumscripta, 299 
peripheral furrowing, 310 
phlyctenular, see Consunerivitis Eczn- 
MATOSA | 
post-vaccinolosa, 276 
primary, 33, 257 
profunda, 288, 299 
punctata profunda, 290 
punctata superficialis, 287 
punctata syphilitica, 290 
pustuliformis profunda, 302 
reapers’, 272 
rheumatica, 300 
sclerosing, 300, 315 
scrofulosa, 296 
scrofulous, 302 
secondary, 33, 257 
sequestrating cicatricial, 261 
aun EIBE from posterior surface of cornea, 


stages of, 238 
stellata, 260 
striped, see OPACITY OF THE CORNEA, STRIATE 
subdivisions of, 247 
superficial linear, 260 
suppurative, 238, 247, 273 
symptoms of (see also the varieties), 246 
syphilitic, 294 et seq., 301> 
syphilitica, 296 
traumatic, 271, 300 
tuberculous, 296, 301 
vatiolous, 272, 275 
vascularization of cornea in, 6, 244, 289, 292, 
vesiculosa, 286 
with formation of vesicles, 284, 287 
xerotica, 284 
Keratocele, 251, 265 
Keratoconus, 85, 330, 971 
Keratoglobus, 332 
Keratomalacia, 279, 282 
Keratometer, Priestley Smith’s, 80 
Keratomycosis aspergillina, 276 
Keratonyxis, 987, 990 
Keratoplasty, 972 
Keratoscope, Placido’s, 237, 331, 898 
Keratoscopy, 107 
Keratotomy, 967, 969 
Knapp’s (A) extraction in capsule, 997 
Knapp’s (H) blepharostat, 945 
cystitome, 992 
foreign-body hook, 967 
knife-needle, 988 
lid clamp, 945 
operation for pterygium, 938 
operation for symblepharon, 940, 941 
roller forceps for trachoma, 936 
Knies and Weber’s theory of glaucoma, 505, 508 
Knife, Beer’s, 1003 
eanaliculus, 930 
lance, 967, 973, 974, 975, 991 
linear of Von Graefe, 968, 974, 981, 990, 
991, 992, 993, 1004 
Stilling’s, 930 
Weber’s, 933 
Knife-needle, Knapp’s, 987, 988. 990, 991 
Ziegler’s, 982, 988 
Koch-Weeks’s bacillus, 31, 148, 180, 257, 258 
Koller introducing cocaine into ophthalmology, 62 
Kestomyris’s operation for trichiasis, 949 
Krause’s glands, 133 
Kronlein’s vperation, 1029 
Kryptok glasses, 839 
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Kichler’s method of incising staphyloma, 969 Leeches, see BLOOD-LETTING 
test types, 846 Le Fort grafts, 962 


Kuhnt’s method of canthoplasty, 953 Lemon juice in diphtherial conjunctivitis, 190 
modification of Heisrath’s operation, 950 Lens, see GLASSES 
operation for ectropion, 958 Lens (crystalline), anatomy of, 521 
operation for symblepharon, 941 capsule, 522 ‘ 
Kuhnt-Meller (or Kuhnt-Szymanowski) opera- after cataract extraction, 999 
tion, 959 ~ discission of, after extraction, 991 
extraction of, with lens, 997 “ 
7 opening of, in cataract extraction, 994 
changes in, producing astigmatism, 898, 899 
Lachrymal canaliculi, 699, 703, 706 producing glaucoma, 518, 519 , 
dilator, 931 producing hypermetropia, 883 
duct, 700 producing myopia, 867 
development of, 395 changes of position of, 553 
sounding of, 708, 932 changes of shape of, in accommodation, 851 
stricture of, 704, 705 coloboma of, 558 
syringing of, 704, 707, 9380 congenital anomalies of, 530, 533, 545, 557, 
fistula, 709 558 
gland, anatomy of, 699 cortex of, 521 
development of, 395 deposits, 401 
diseases of, 710 development of, 390, 524 
extirpation of, 711, 936 F dislocation of, 255, 345, 518, 519, 554, 999, 
inferior (accessory) and superior, 699, 1005 
11 artificial, 1002 
tumors of, 710, 820 examination of, 82 
organs, anatomy and diseases of, 699 expulsion of, in cataract extraction, 994, 997 
congenital anomalies of, 703, 706 fibers, 522, 523 
papille, 699 fluorescence of, 23 
passages, 699 . function of, 11,525 
probes, 931, 932, 933 growth of, continuing through life, 505, 524 
puncta, 699, 703, 706 histology of, 522 
artificial closure of, 934 inflammation ot, not existing, 530 
sac, 699 Rig hs. injuries of, 537, 548, 552, 557 
a source of infection in injuries and causing glaucoma, 518, 519 
operations, 32, 272, 914, 915 luxation of, 255, 345, 518, 519, 554, 999, 1002, 
atony of, 707, 708 1005 
bacteria in, 32, 705 metabolism of, 11 
blennorrhcea of, 704 nucleus of, 521 
dropsy of, 707, 708 nutrition of, how effected, 11 
extirpation of, 708, 935 opacities of, see CATARACT 
incision of, 934 operations on, 987-1005 
inflammation of, 704, 709 ossification of (apparent), 415 
syringing of, 707 overgrowth of, causing glaucoma, 505 
trachoma of, 170, 706 physiology of, 11 
tuberculosis of, 706 reflections, 82 
secretion, see TEARS removal of, see CATARACT EXTRACTION and 
sounds, 931, 932, 933 Discissi0Nn 
syringe, 707, 930 removal of, for myopia, 877 
Lachrymation, absence of, 711 removal of, when dislocated, 1005 
excessive, 711 ? : ; sclerosis of, 521 
Lactation associated with optic neurtis, 28, 621 sectors, 523 
Lacus lacrimalis, 703 star, 523 
Lagophthalmus, 685 subluxation of, 553 
tarsorrhaphy for, 954 * supplementary, 855 
Lagrange’s sclerectomy, 511, 512, 983, 985 swelling of, in traumatic cataract and dis- 
Lamina basalis, 377 cission, 12, 548, 987, 988 
cribrosa, 602 _ terminal, 610 
elastica anterior, 232 thickness of, 76 
vitrea of chorioid, 377 vesicle, 390 
vitrea of ciliary body, 371 Lenticonus, 558 
Lance knife, 975 Leontiasis ossea, 809 
character of incision made by, 919 Lepra of conjunctiva, 204 
for cataract extraction, 991 of iris, 449 
for iridectomy, 973, 974 Letter blindness, 609 
for linear extraction, 991 Leuchemic hemorrhages, 573 
for paracentesis, 967 iritis, 447 
Landolt’s advocacy of advancement, 1020 Tats oe 
operation for trichiasis, 951 tumors of orbit, 823 
test types, 845 Leucoma adherens, 253 
Lanolin, 670 f Leuco-sarcoma of chorioid, 474 
Lantern tests for color sense, 642 Levator palpebre superioris, 652 
Lapides cancrorum, 212 paralysis of, 624,690 | 
Lapis divinus, 150 Lice causing eye trouble, 201, 672 
Lashes, see Crita Lid clamp, 943, 945 
Latero-abduction, 722 reaction. of pupil, 387 
Latero-adduction, 722 retractors,.75, 916, 917 
Lead acetate, 147, 151 specula, 916, chips 
incrustation, 147, 309 Lids, abscess of, 660, 663, 811 
producing amblyopia, 630 adenoma of, 697 
nystagmus, 800 anatomy of, 647 
optic neuritis, 621 angioma of, 696 
noe mala 754 angioneurotic cedema of, 664 
Leber’s disease, 41 anomalies of position and connection of, 676 


Leech, artificial, 58 anthrax pustule of, 660, 663 
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Lids, atheroma of, 695 
bacteria of, 30 
blastomycetic dermatitis of, 662 
blood-vessels of, 6% 
carcinoma of, 696 
causing infection in operations, 913, 915 
cavernous tumors of, 696 
chancre and chancroid of, 662 
chromidrosis of, 666 
closure of, how effected, 655 
coloboma of, 697 
congenital anomalies of, 482, 691, 696 
eysts of, 482, 696 
dermoid cysts of, 695 
development of, 395 i 
diseases ot, 647 
diseases of glands of, 672 
diseases of muscles of, 687 
distortion of, in trachoma, 174 
dystrophy of skin of, 665 
ecchymoses of, 695 
eczema of, 659, 663 
elephantiasis of, 666 
emphysema of, 694 
enchondroma of, 697 
epithelioma of, 696 
erysipelas of, €56, 663 
eversion of, 77, 666, 681 
examination of, 75 
exanthemata of, 656 
fibroma of, 697 
fibrous molluscum of, 695 
furuncle of, 660, 663 
gangrene of, 665 
glands of, 653 

diseases of, 672 

granular, see TRACHOMA 
gumma of, 662 
herpes febrilis of, 656 
herpes zoster of, 657 
horns of, 695 
hyperemia of border of, 666 
hypertrophy of border of, 668 
inflammation of borders of, 666 
inflammation of skin of, 656 

- injuries of, 693 
layers of, 654 
lice on, 672 
lipoma of, 697 
lupus of, 661 
lymphangioma of, 697 
lymphoma of, 697 
lymph vessels of, 654 
malignant pustule of, 660, 663 
milium of, 695 
molluscum contagiosum of, 695 
molluscum simplex of, 695 
mortification of, 665 
movements of, 655 
muscles of, 650 : 
myxoma of, 697 
necrosis of, 665 
neuro-fibroma of, plexiform, 697 
cedema of, 662 
opacity of, see CATARACT 
operations on, 943 [ 
phlegmonous inflammation of, 660 
phthiriasis of, 672 
physiology of, 647 
retraction of, after tenotomy, 1014 
rodent ulcer of, 697 
sarcoma of, 696 
scrofulous ulcers of, 661 
seborrhcea of, 669 
spasm of, see BLEPHAROSPASM 
splitting of, in operations, 654, 946 
sycosis of, 670 
syphilitic ulcers of, 662 
telangiectasis of, 696 
trichophytia of, 670 
tuberculous ulcers of, 661 
tumor cavernosus of, 696 
tumors of, 695, 944 
ulcers of, 661 
vaccine ulcers of, 662 
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Lids, warts of, 695 
. xXanthelasma (or xanthoma) of, 695 
Ligament, canthal, 650 
check, 369, 714 
palpebral, external and internal, 650 
_ Suspensory, of lens, 521 
Ligamentum canthi (or palpebrale) externum (or 
mie ee oe 
eanthi (or palpebrale) internum (or i 
650, 652, 700 eae 
pectinatum, 15, 371 
phenges in, causing glaucoma, 15, 508, 
_ . Suspensorium lentis, 521 
Light, complete exclusion of, after operations 
unnecessary, 52 
pathologica! effects of, 21-24, 546, 906 
perception, absence of, a contraindication to 
optical iridectomy (or cataract extrac- 
tion), 977 
failure of, an indication for enucleation 
in traumatic irido-cyclitis, 416 
failure of, an indication of retinal sup- 
puration, 416 
how tested, 845 
relation of pupil to, 385 
restoration of, after apparent loss, 416 
retained in uncomplicated opacities of 
media, 846 
reaction of pupil, 81, 383 
sense, 113, 126, 624 
Lightning causing cataract, 25 
causing optic neuritis and atrophy, 622 
Limbus conjunctive, 136 
Lime incrustation, 309 
injuries from, 211, 309 
Liphemia, 581 
Lipo-dermoid, 225 
Lipoma of lids, 697 
subconjunctivale, 224 
Lippincott’s irrigator, 995 
Liquor Morgagni, 529 


‘Lister’s partial enucleation, 1028 


Lithiasis conjunctive, 676 
Lithographers’ myopia, 875 
Liver disease causing chorioiditis, 459 
causing corneal ulcers, 261 
Localization of foreign bodies in eye, 347 
of lesions in brain, 614, 753 
of objects in space, 732 
Loffler’s bacillus, 186 
Loop, Weber’s, 992, 999 
Loupe, binocular, 77 
Luetin test, 71, 296, 662 
Lumbar puncture, 623 
Luminosity of pupil, 90 
Lungs, hypostatic congestion of. after eye opera- 
tions, 928 
Lupus of conjunctiva, 203, 209 
of lids, 661 
Luscitas, 736 
Luxatio bulbi, 806 
bulbi traumatica, 814 
Lymph, circulation of, 12 
Lymphangiectasie, 222 _ 
Lymphangioma, 226, 697, 823 
Lymphatic ectasiw, 222 
Lymph channels of eye, 14 
Lymph glands, enlargement of, 43, 187, 198, 
295, 810 
Lymphoma, 697, 710, 823 
Lymphosarcoma, 823 


M 


Mackenzie's theory of sympathetic ophthalmia, 
431 
Macropsia in miosis and spasm of accommodation, 
383, 908 
retinal, 126, 465 
Macule corneex, 314 
Macula lutea, 102, 565 ‘ 
a specially vulnerable part, 458, 583 
bicerebral representation of, 607 
changes in, in myopia, 463 
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Macula lutea, coloboma of, 481 
exemption of, in hemiopia, 614 
holes in, 583 
projection of, in cortex, 607 
Madarosis, 668 
Maddox’s method ot fixing eye, 917 
Maddox rod, 770, 774 
Magnet, 348, 1007 
Malaria causing retinal hemorrhages, 573 
causing iritis, 426 
causing keratitis, 260 
Malignant pustule, 660, 663 
Malingerers, examination of, 127 ‘ 
Manometer for Geren intra-ocular tension, 
19 
Mariotte’s blind spot, 121 , 
Mask for operator to prevent infection, 913 
for patient to protect operation wound, 925, 
926 


Massage of eye, effect ot, on ocular pressure, 19 
in corneal opacities, 58 
in embolism of retina, 58, 575 
in glaucoma, 517 “ 
in scleritis, 58 
of Jens to ripen cataract, 998 
of lids, 202 : 
Mastoid, cedema over, in thrombosis of cavernous 
sinus, $12 
Maxwell’s operation, 942 
McKeown’s syringe, 995 
McReynold’s operation for pterygium, 939 
Measles, conjunctivitis in, 143, 202 : 
producing insufficiency of accommodation, 
906 


producing optic neuritis, 621 
producing ophthalmoplegia, 754 
producing ulcus serpens, 272 
Medullated nerve fibers in retina, 39, 565 
Megalocornea, 360 
Meibomian glands, 653, 672 
adenoma of, 697 
diseases of, 672 
infarcts of, 676 
sty, 672 
Melanoma, 448, 449, 478 
Melano-sarcoma, 226, 448, 474 
Melanosis of conjunctiva, 223 
cornes, 316 
Meliceris, 820 
Meller’s operation for ectropion, 959 
Mellinger’s inner pole magnet, 1007 
Membrana capsularis, 394 
pupillaris, 394 
perseverans, 452 
Ruyschii, 376 
Meningitis causing  chorioiditis 
(pseudo-glioma), 471 
optic neuritis, 621 
orbital cellulitis, 811 
retinitis, 580 
resulting from enucleation, 472, 1025 
resulting from panophthalmitis, 472 
Meningocele of orbit, 821 
Meningococeus, 143, 152, 156, 191 
Meniscus, 833 
Menstruation associated with iritis, 426 
associated with optic neuritis, 621 


suppurativa 


causing enlargement of orbital cavernosa, 
821 
Mercury, ammoniated, see Wurre PrecrrrraTp 
OINTMENT 


as absorbent and antisyphilitie, 71, 298, 434, 
435, 436, 438, 466, 560, 622, 627, 757, 909 
bichloride, see SuBLIMATR 
intramuscular injections of, 298, 435 
inunction with, 435, 436, 466 
oxycyanide of, 913, 914 
vellow oxide of, see YeLLow Oxipn OINTMENT 
Meridians, principal, 889, 896 
Mesothorium, 57 
Metabolic disorders of eye, 27, 297, 422, 426 
Metamorphopsia in chorioiditis, 125, 465 
in detachment of retina, 125, 592 
refractive, 125 
retinal, 125, 465, 577, 592 
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Metastases of eye tumors, 477 
Metastatic chorioiditis, 471 
conjunctivitis, 143, 156 
ophthalmia, 36, 420, 471 
orbital cellulitis, 811 = 
retinitis, 420, 575 
Methy] alcohol causing toxie amblyopia, 628 
Metre-angle, 722 
Metre-lens, 833 
Micrococcus catarrhalis causing conjunctivitis, 
143, 152, 156 
complement-fixation test for, 69 
Microphakia, 558 
Microphthalmus, 454, 479, 482 
Micropsia in mydriasis and paralysis of accom- 
modation, 383, 907 
retinal, 126, 465 
Microscope, corneal, 77 
Microscopic anatomy of chorioid, 375 
of ciliary body, 370, 371 
of conjunctiva, 133, 134 
of cornea, 232 
of iris, 366 
of lachrymal passages, 702 
of lens, 522 
of optic nerve, 604 . 
of retina, 566 
of sclera, 333 
of vitreous, 559 
Migraine, 46, 643 
oculaire, 643 
ophthalmoplegic, 755 
Migration ring (or zone), 274 
Mikulicz’s disease, 710, 823 
Military and naval service, visual, requirements 
in, 847 
Milium of lids, 696 
Mind blindness, 609 
Miosis, 387, 450 
associated with macropsia, 383 
paralytic, 450, 451, 743 
spastic, 389, 450, 451 
spinal, 451 
Miotics, 387; see also EsSERINE and PILocARPINE 
effect of, on intra-ocular pressure, 19 
in glaucoma, 493, 515, 519 
in iritis, 434 
in keratoconus, 332 
in paralysis of accommodation, 909 
producing spasm of accommodation, 910 
relieving glaucomatous and other headaches, 
490, 491 
Moebius’s symptom, 817 
Moist, warm compresses: see Hor APPLICATIONS 
Mold fungi causing keratitis, 6, 276 
Moll's glands, 654 
Molluscum contagiosum of lids, 695 
simplex of lids, 695 
Monocle for ptosis, 692 
ge diplobacillus, 31, 143, 145, 149, 
207, 2 we 
Morgagni, spheres of, 529 
Morgagnian cataract, 541 
Moro’'s method, 70 
Morphine causing nystagmus, 800 
Motais's operation for ptosis, 966 
Motility, disturbances of, 712 
of iris, disorders of, 450 
relations of, in normal cases, 777 
tests of, 765 
routine of, 777 
Movement, apparent, of objectsin astigmatism, 891 
apparent, of objects in disorders of eye 
muscles, 740, 758, 801 
of readjustment or redress, 761 
of retraction, 757 
scissors, 110 
Movements, association of, 723, 727, Coe 


binocular, 719 \ 


associated (or codrdinate), 723, 795 
conjugate, 720,721, 795 
eonvergent, 721 

disjunctive, 720 

dissociated, 802 

divergent, 722 


INDEX 


Movements, binocular, downward, 721 
lateral, 721 : 
nerve centers for, 723 
parallel, 720, 721 
searching, 798 
upward, 721 
monocular, 718 
measurement of, 765, 774 
nodding, 800, 801 
Mules’s operation, 1028 
Miller’s orbital muscle, 803 
palpebral muscles, 451, 652, 656, 693 
portion of ciliary muscle, 3/0 
Mumps causing iritis, 426 
Musce volitantes, 560, 561 
in cataract, 527 
in myopia, 561 / 
Muscarine producing miosis, 387 
Muscle, Briicke’s, 370 
ciliary, see Crniary Mvtscie 
Horner’s, 652 / 
Miller's, 370, 451, 652, 656, 693 
orbital of Miiller, 803 
arsine (or tarsal), of Miller, 451, 652, 656, 
3 


Muscles, ocular, action of, 715 
action of, how varying in different positions 
of the eye, 717, 718 
advancement of, see ADVANCEMENT 
anatomy and physiology of, 712 
association of, 719 
changes: of, in squint, 782, 785, 790 
contracture of, 741, 760, 782, 785, 790 
disturbances of, 712 
extrinsic, 712 
fascie of, 714 
field of action of, 720 
insertion of, 713, 714 
insufficiency of, see HeTEROPHORIA 
interior (or intrinsic), 712 
nerves of, 722 
operations on, 1008 
over-action of, 758 - 
paralysis of, 736 
spasm of, 758, 796, 798 
“tenotomy of, see TENOTOMY 
Muscles of lids, 650 
affections of, 687 
Muscles of orbit, 803 
Musculus ciliaris Riolani, 652 
orbitalis, 803 
subtarsalis, 652 
tarsalis inferior and superior, 451, 652, 656, 
693 
Myasthenia causing paralysis of eye muscles, 
756 
Mydriasis, 387, 450 
associated with micropsia, 383 
causing glaucoma, 491, 507 
causing erythropsia, 23 
in amaurosis, cause of, 451 
in glaucoma, cause of, 501 
paralytic, 450 
spastic, 450 ~ 
ae Sich pombe Sed 
riatics, 387, 45 
A harmful in glaucoma, 19, 484, 491, 507, 517 
used as test for glaucoma, 491 
Myelitis causing optic neuritis, 621 
Myodesopsia, 560 
Myoma, 449 
Myopia, 864 
accommodation in, 868 
anterior chamber in, 869 | 
apparent, in hypermetropia, 886 
in persons with defective sight, 848. 
produced by spasm of accommodation, 
10 


axial, 867 

cause of, 866, 867, 873, 875 

caused by astigmatism, 874 
by cataract, 528, 536, 537 
corneal scars, 320 
diabetes, 867 
dislocation of lens, 556 
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Myopia caused by iritis, 406 
near work, 873, 874 
‘scleritis, 339 
causing cataract, 870 
detachment of retina, 594, 870 
divergent squint and exophoria, 868 
5 glaucoma, 518 
changing apparent size and shape of di 
111, 461 , as 
chorioidal changes in, 459, 465, 870 
ciliary muscle in, 870, 874 
complications of, 869 
corneal, 866 
correction of, by concave lens, 865, 875 
by stenopzic hole, 850, 867 
crescent in, 459 
detachment si retina in, 594, 870 
determination of, 105, 107, 864 
diminishing in old age, 872 
effect of cataract extraction on, 1000 
elongation of eye in, 869 
fundus in, 869 
fundus visiblefrom distance in, 111 
hemorrhages in, 463, 869 
hereditary tendency to, 873 
hygienic regulations for, 876 
index, 867 
in schools, 874 
lenticular, 867 
monocular diplopia in, 736 | 
morbid anatomy of, 869, 870 / 
motor anomalies in, 868 
musce volitantes in, 561, 869 
objective signs of, 869 
operation for, 877 
optic nerve in, 459, 870 
origin of term, 867 
predisposition to, 873 
prevalence of, among certain professions and 
races, 874, 875 
progressive, 872 
prophylaxis of, 876, 877 . 
pupil in, 869 
retractive, 866 
relation of, to glaucoma, 496, 497 
retinal changes in, 465, 583, 870 
school, 874 
simulated, 848, 886 
staphyloma posticum in, 357, 461, 462 
stationary, 872 
symptoms of, 867 
theories of its production, 873-875 
transient, in iritis, 406 
treatment of, 875 
treatment of, operative, 877 . 
typical, 867 
varieties of, 866 
visual acuity in, 867, 868, 869 
vitreous opacities in, 869 
Myo-sarecoma, 449 
Myosis, Myotics, see Mrosis, Mrorics 
Myxoma, 226, 332, 697 
Myxo-sareoma, 631 


N 


Naevi iridis, 365 
pigmentosi, 225 
Nagel’s adaptometer, 127 
anomaloscope, 641 
test for color blindness, 641 
Naphthaline causing cataract, 547 
causing opacity of cornea, 313 
causing retinitis, 547 
Nasal duct, see LACHRYMAL Ducr 
Nasal sinuses, accessory, see SINUSES, ACCESSORY 
Nausea, 51 
Navy, visual requirements for, 847 
Near point, 853 
absolute, 859 
determination of, 857 
of convergence, 721 
recessicu of, 860 
reiative, 859 
Near-sight, see Myopia 
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Near work, excessive, producing myopia, 873 
glasses for, 862, 875, 876, 887, 902 
tests of visual acuity in, 847 
Needle, astatic, 348 
cataract, 988 
discission, 988 
foreign-body, 967 
knife-, 988 
paracentesis, 988 
tattooing, 973 : a 
Nephritis causing retinitis and optic neuritis, 
28, 578, 621 
headache in, 47 
Nerve, abducens, 722, 726 
centers, 607, 723 
facial, paralysis and spasm of, 687, 690 
fibers, medullated, in retina, 39, 565 
nuclei for the individual eye muscles, 723 
oculo-motor, 722, 724 
optic, see Optic NERVE 
stretching in blepharospasm, 689 
trochlear, 722, 724 
Nervus opticus, 600 
Neuralgia, ciliary, 44 
supra-orbital, 47 . 
Neurasthenia, disturbances of vision in, 64 
headache in, 46 
Neuritis descendens, 619 
multiple, causing optic neuritis, 621 
optic, 615 
congestive, 619 
descending, 619, 620 
etiology of, 617 
hereditary, 41, 622, 624 
intra-ocular, 615 
morbid anatomy of, 622 
retrobulbar, 623, 630, 827 
simulated, 98 
sympathetic, 429 
treatment of, 622, 624 
Neuro-fibroma, plexiform, 697 
Neurofibromatosis, 499, 631 
Neuroma, 823 
plexiform, 499, 823 
Neuro-recidive, 622, 627 
Neuro-retinitis, 578, 615 
Neurosis, traumatic, '354, 646 
Neurotomy, optico-ciliary, 1028 
Night-blindness, tee HEMERALOPIA 
Nitric acid in corneal ulcers, 67, 263 
Nodal point, 840 
Noguchi’s tests, 71 
Nose, diseases of, causing eye disease, 624, 646, 
906, 914; see also Sinusps 
Noviform, 670 
Novocaine, 63, 915 
Nubeculw cornem, 314 
Number blindness, 609 
Nyctalopia, 635 
an evidence of central scotoma, 635 
in cataract, and other opacities of media 
_ 527, 635 
in tobacco amblyopia, 628 
Nystagmus, 797 
aural, 800, 801 
circumduction, 799 
congenital (so-called), 799 
conjugate, 799 
disjunctive, 799 
dissociated, 799 
due to nervous disease, 800 
etiology of, 799 
hereditary, S00 
horizontal, 798 
infantile, 799 
miners’, 800, 801 
mixed, 799 
occupational, 800 
optical, 799 
oscillatorius, 799 
pendulum-like, 798 
resilient, 798 
rotatorius, 798 
Symptoms of, 801 
theory of, 800 
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Nystagmus, toxic, 800 
treatment of, 802 
unilateral, 799 
vertical, 798 
vibrans, 798 
voluntary, 800 


Object blindness, 609 
Oblique inferior, 714 
action of, 716, 718, 719, 720 
paralysis of, 744, 748, 749, 751, 1023 
spasm of, 758 
tenotomy of, 1011, 1023 
superior, 713 
action of, 716, 718, 719, 720 
paralysis of, 742, 744, 748, 749, 751,1023 
spasm of, 624, 758 
tenotomy of, 1011 
Occlusio pupille, 399, 403, 409 
Occupational conjunctivitis, 213 
diseases, 353 
injuries, 353 
nystagmus, 800 
O’Connor’s operation, 1019 
Oculo-motor nerve, 722 
nucleus, 724 
paralysis, 450, 742, 908 
CGdema, angioneurotic, 664 
calidum, 221, 662 
filtration-, 222 
flying, 664 
frigidum, 221, 662 
fugax, 222, 664 
inflammatory, 221, 662 
neurotic, (64 
non-inflammatory, 221, 662, 664 
of cornea, 315, 500, 501 
of lids, 662 
over mastoid in thrombosis of cavernous 
sinus, 812 
recurrent, 664 
subconjunctival, 221 
traumatic, 604 
Oettingen’s operation for trichiasis, 948 
Oil cysts of orbit, 821 
Oily collyria, 60 
Ointment, ammoniated mercury, see WHiTE PRE- 
CIPITATE OINTMENT 
ichthyol, 659 
Pagenstecher’s, see YELLOW Oxipr O1nT- 
MENT 
tar, 659 
white precipitate, see WuHitr PreciprraTEe 
OINTMENT 
yellow oxide, yellow precipitate, see YELLOw 
OxtpB OINTMENT 
zine oxide, 659 
Ointments, general remarks on, 60 
Oliver's advancement, 1016 
Onyx, 271 
Opacitates corporis vitrei, 560 
Opacity, how recognized with ophthalmoscope, 
92, 314 
location of, how determined, 93, 94 
of the cornea, 5, 313 
clearing of, 242, 256, 320 
congenital, 316 
degeneration of, 313, 316 
differential diagnosis of, 243, 314 
disturbance of sight caused by, 21, 319 
how recognized, 243, 314 
indirect consequences of, 320 
inflammatory, 313, 314 
in keratoconus, 331 / 
lattice-shaped, 312 
metamorphoses of, 316 
nodular, 312 
non-inflammatory, 315 
pressure-, 315 
preeyiae hemeralopia and nyctalopia, 
Ie 
producing increased tension, 318 
producing myopia, 320 
cornea, producing nystagmus, 320, 799 
producing purulent infection of eye, 318 
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Opacity of cornea producing strabismus, 320, 


tibbon-shaped, 310 
striate, 303 
trachomatous, 176 
traumatic, 315 
treatment of, 320 
varieties of, 314 
zonular, 310 

of the lens, see CATARACT 

of the vitreous, 560 


Opaque disk in diplopia, 757 


nerve fibers in retina, 39, 565 


Operation (or operations), 913 


after-treatment of, 926 

anesthesia for, 915 

antisepsis and asepsis in, 913 

avoided in diphtherial conjunctivitis, 190 

avoided in sympathetic irido-cyclitis, 438 

delirium after, 928 

dressing after, 52, 54, 925 

for blepharospasm, 953 

for cataract, 531, 534, 543, 557, 987-1005 

for chalazion, 943 

for cysts of iris, 444 

for detachment of retina, 595, 596 

for distichiasis, 944 

for ectropion, 954, 957 

for entropion, 955 

for enucleation, 1023 

for epicanthus, 698 . 

for evisceration (01 exenteration) of eye- 
ball, 472, 1027 

for exenteration of orbit, 478, 1024, 1029 

for foreign bodies in eye, 1006 

for glaucoma, 510, 520, 979, 980, 983, 984-986 

for heterophoria, 795, 1022 

for iritis, 436-439 

for keratoconus, 971 

for lagophthalmus, 954 

for myopia, 877 

for orbital cellulitis, 812 

for panophthalmitis, 471, 472, 1025 

for paralysis of eye muscles, 758, 1022 

for perios“itis, 810 

for pterygium, 937 

for ptosis, 963 

for pulsating exophthalmus, 822 

for restoration of cul-de-sac, 941 

for staphyloma of cornea, 969 

for strabismus, 795, 1008, 1020 

for superficial growths on eye, 939 

for symblepharon, 939 

for tarsorrhaphy, 953 

for trachoma, 936, 942, 950 

for trichiasis, 944 

for tumors of eye and adnexa,+696, 939, 944, 
1026 

general rules for, 913 et seq. 

hemorrhage in, 923 

healing after, 927 

healing, irregular, after, 928 

hypostatie congestion of lungs after, 928 

in children, 97, 928 

inflammation after, 929 

irido-cyclitis after, 929 

irregular healing of, 928 ; 

loss of aqueous, vitreous, and blood in, 923 

on the anterior chamber, 967 

on the canaliculi, 930 

on the conjunctiva, 936 

on the cornea, 967 

on the eyeball, 967-1007 

on the iris, 973-984 

on the lachrymal duct, 930 

on the lachrymal gland, 936 

on the lachrymal sac, 934 

on the lens, 987 

on the lids, 943 

on the muscles, 1008 

on the orbit, 1008 

on the sclera, 983-986, 1005-1007 

on the vitreous chamber, 1005 

open method ot treating, 926 

preparation for, 913 


Operation, prolapse of iris in, 919 
suppuration after, 929 
wound, closure of, 926 
external and internal, 918 
gaping of, 919 
intection of, 929 
irregular healing of, 928 
obliquity of, 918 
rupture of, 928 
suppuration of, 929 
valve-like character of, 919 
For special operations, see CATARACT 
Exrraction, Disciss1on, Irippcromy, 
ete., also ARutT’s OPERATION, BEER’S 
OPERATION, etc. 
Ophthalmia egyptiaca, 178, 179 
arthritica, 484 . 
catarrhalis, 140, 142, 143 
Egyptian, 178, 179 
electrica, 24 } ‘ 
gonorrheal, see CONJUNCTIVITIS, GONOR- 
RH@AL 
hepatica, 459 
jequirity, 26, 185 
metastatic, 36, 420, 471 
militaris, 178 
neonatorum, 160 
nodosa, 447 
purulenta chronica, 164 
sympathetic, 419, 428, 437 
Ophthalmo-diaphanoscope, 94 
Ophthalmomalacia, 520 
Ophthalmometer, 894 
Ophthalmoplegia, central (acute and chronic), 754 
congenital, 754 
exterior (or external), 742, 754 
interior (or internal), 450, 743, 754 
recurrent, 755 
totalis, 742, 754 
Ophthalmoplegic migraine, 755 
Ophthalmoscope, 85 
application of, 87, 92 
determination of refraction by, 103 
electric, 87 
examination with, 80, 85, 87 : 
how showing opacities in the refractive 
media, 92 
invention o:, 85 
principle of, 85 
refiexless, 90 
Ophthalmoscopy, 85 
Optic area, 607 
canal, 606 
centers, 607 
disk, 94 5 
changes of, in myopia, 459 
coloboma of, 481 
size and shape of, 95, 111, 461 
memory-pictures, 607 
nerve, amyloid bodies of, 631 
anatomy of, 600 
aplasia of, 599 | 
appearance of, with ophthalmoscope, 94 
atrophy of, see ATROPHY OF OPTIC 
NERVE \ 
cavernous degeneration of, 497, 508 
coloboma of, 481 
congenital anomalies of, 98, 481, 631 
connective-tissue formation on, 632 
decussation of, 609 
development of, 391, 392 
diseases of, 600 
dropsy of sheath of, 618 
excavation of, 485 
fibers, arrangement of, 604, 606 
head of, 94, 603 
hemorrhage into, 575 
hyaline bodies of, 631 
hyperemia of, 615 
inflammation of, 615 
injuries of, 575, 630 , 
intracranial section of, 606 
intra-ocular division of, 600 
intra-scleral portion of, 600 
orbital division of, 604 


echinococcus Sy 

emphysema of, 315 > 

evisecration (or exenteration) of, 478, 1024, 
1029 


= apt pin ie sl4 
etare of wa! 2 
b of, 803 
ma of, S21 
¢ into, 814 ¥ 
inflammation of bones and periosteum of, 898 
’ inflammation of cellular tissue of, 664, 810 
injuries of, $14 
meningocele of, 821 
muscle of, 
nerves of, 805 
operations on, 810, 812, 1003 et seq. 
osteomz of, 823 
Pperiostitis of, 808 
phlegmon of, 810 
position of eye in, 806 
pseudoplasms of, 824 
sarcoma of, 823 
septum of, 653 
telangiectasis of, 821 
tumors of, 819, 1029 
Orientation, 726 
false (in paralytic squint), 738 -: 
how facilitated by peripheral vision, 114 
objective, 726, 732 
subjective, 727, 732 
Orthophoria, 760, 767 
Orthoptie exercises, 793 
Osmic acid, poisoning by, 628 
Ossification in eye, 415, 417 
Osteoma, 224, 362, 823 
Oxaluric hwmorrhages, 573 
retinitis, 581 
Oxycephaly, 621 
Oyster-shuckers’ keratitis, 305 


Ozena producing chronic dacryocystitis, 705 


producing injection in operations, 914 


causes of, 171 7 


trachomaiosus, 169, 170, 1S4 
treatment of, 184 > . 
ae ee 169, 177 - 

1 


ee ee aa 278, 318, 327, | 

346, 417, , £20, 7. 
contraindicating enucleation, 471, 472 
disenosis pf, , 664 ‘ 


itis, 470 
_ tei) 94. 603 
apilla (nervi optici), 94, 
eppsrent of shape of, in astigma-— 


apparent change of size and shape of, in 
myopia, 111, 461 he 5 
changes of, in myopia, 459 
Papill= lscrimaies, 699 7 
Papillary condition of conjunctiva, 134, 165 
— of —— 163 i . ai 
ypertrophy of conjunctiva occurring ms 
many eye diseases, 165 
Papillitis, 615 7 
Papilledema, 619 “- 
Papilloma, 225, 332 ‘J 
ig bundle, 606, 614, 630, S27 u 


region, 
Papillo-retinitis, 615 ‘iu 
Papule iridis, 423, 424 , 
aracentesis, instruments for, 988 
needle, 988 
of cornea, 967 
for embolism of retina, 575 “ 
for increase of tension, 485, 520, 968 
for iritis, 436, 968 4 
for keratectasia, 330, 968 ‘ 
for removal of hypopyon, 275, S69 a 
for staphyloma, 968,969 __ 
for ulcers of cornea, 264, 968 i 
for vitreous opacities, 968 y 
how affecting tissue metamorphosis, 13 
in parenchymatous keratitis, 298 c 
to — inflammation after operation, 
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of sclera, see ScLERoTOMY — 
Parallactic ont 93, 112 “7 
in neutralizing lenses, 837 a 
Parallax test, 769 = _ 
arallel movements, 720, 721 
Paralysis of ocular muscles, 736 
asal, 755 . 
combined, 742 ae 
complex cases, 752 i 
congenital, 754, 756 
conjugate, 743, 753, 795. , 
contracture in, 741 . & 
cortical, 753 Ay 
crossed, 755 
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Paralysis, course of, 757 
eviation of eye in, 736, 745 
diagnosis of, 743, 759 
diagnosis of site and etiology of, 753 
double images in, 732, 739, 741, 746 
etiology of, 753 
false orientation and projection in, 738 
fascicular, 754, 755 . 
head tilting in, 740 
intracranial, 753 
isolated, 742, 754 
lagging of eye in, 736 
limitation of movement in, 736, 744 
mode of occurrence of, 742 
nuclear, 753, 754 
of abducens, 742 
of accommodation, 387, 388, 450, 742, 743, 907 
of associated movements, 743,753, 781,784,795 
of ciliary muscle, 387, 388, 450, 743, 908 
of convergence, 784 
ot depressors, 750 
ot divergence, 781 
of elevators, 750 
of exterior muscles, 742, 754 
of external rectus, 739, 742, 744, 748, 749, 751, 
1023 
of facial nerve, 690 
o* fourth nerve, see PARALYSIS OF SUPERIOR 
OBLIQUE 
of inferior oblique, 744, 748, 749, 751, 1023 
of inferior rectus, 742, 744, 748,749, 751, 756, 
757, 1023 
of interior muscles, 450, 743, 754 
of internal rectus, 624, 744, 748, 749, 751, 
1008, 1023 
of lateral movements, 796 
of lateral rotators, 750 
of levator palpebr# superioris, 624, 690 
of musculus ttarsalis superior (Miiller’s 
muscle), 451, 693 
of oculo-motor nerve, 450, 742, 908 
of orbicularis, 690 ‘ 
of sixth nerve, see PARALYSIS OF EXTERNAL 
RectTcs 
of sphincter pupille, 387, 450, 451, 742, 743 
of superior oblique, 624, 742, 744, 748, 749, 
751, 1023 
of superior rectus, 624, 742, 744, 748, 749, 
751, 757, 1023 
of sympathetic, 451 
of third nerve, 450, 742, 908 
of trochlear nerve, see PARALYSIS OF SUPE- 
RIOR OBLIQUE 
of up and down movements, 797 
old, 741 
operations for, 758, 1022 
orbital, 753, 755 
periodic, 785 
projection in, 738 
recurrent, 755 
rheumatic, 690, 756 : 7 
site and etiology of, how diagnosticated, 
753, 756 
supranuclear, 753 
symptoms of, 736 
tilting of image in, 750 
toxic, 754, 906, 909 
torsion in, 750 
treatment of, 757 
vertigo in, 740 
with retraction movements, 757 
Paranephrin, 64 
Parathyroid glands, 27 
Paresis, general (or progressive), 386, 450, 451, 
625, 756, 909 
Parinaud’s conjunctivitis, 210 a 
Parotitis causing retrobulbar cellulitis, 811 
Pars ciliaris retine, 371, 568 
iridica retin, 367, 371, 568 
lacrimalis musculi orbicularis, 652 
plana, 370 
retinalis iridis, 367 
uvealis iridis, 367 
Pearl cysts of iris, 444 
Pecten, 482 
Pectinate ligament, 371 
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Peliosis theumatica causing iritis, 426 
Pellagra causing cataravt, 547 
Pemphigus of conjunctiva, 202 
Perforation of cornea, 251 
of eye, character of inflammation in, 413 
_of eye, symptoms of, 340 
Perichorioidal space, 16 
Peridectomy, 942 
Perimeter, 118 : 
for measuring degree of paralysis, 745 
for measuring degree of strabismus, 769 
_for measuring excursions of eye, 774 
Periorbita, 805 
Periostitis of orbit, 808 
Periscopic glasses, 834 
Perithelioma, 478 
Peritomy, 185, 202, 942 
Perivasculitis, 5/3 
Petit’s canal, 525 
diplobacillus, 143, 257, 273 
method of opening the lachyrmal sac, 934 
Petrous bone, caries of causing orbital cellulitis 
and cavernous thrombosis, 813 
Phakitis, 530 
Pharyngitis causing retrobulbar cellulitis, S11 
Phlegmon of orbit (retrobulbar), 810 
Phlyctena pallida, 205 
Phlyetenular conjunctivitis and keratitis, see 
Consunerivitis EczeMATOSA 
Phlyctenulosis, 192 
Phorometer, 771 
Phosphorus poisoning causing retinal hzemor- 
rhages, 573 
Photometerc of Fdrster, 127 
Photophobia, 42, 197, 801, 906 
treatment of, 53, 202 
Photopia, 127 
Photopsie, 51, 465, 469, 592 \ 
Phototherapy, 57, 183 
Phthiriasis palpebrarum, 672 
Phthisis bulbi, 417, 469, 494 
corner, 254 
essential, 520 
Physical sources of injury, 20 
Physiological excavation, 99 
Physiology of the eye, 3 
Physostigmine, 62, 389 
Pial sheath of optic nerve, 605 
Pigment epithelium, 371, 377, 378, 391, 568 
atrophy of, 457 ‘ 
layer of iris, 366, 367 
retinal, 366, 367 
ring, 96 
stroma, 378 
uveal, 378 
Pilocarpine, 62, 389 
effect of, on tension, 19, 493 
for diagnosis of glaucoma, +90 
for diaphoresis, 58 
in fistula of cornea, 265 
in glaucoma, 494, 515, 516, 517 
in paralysis of accommodation, 62, 909 
in sympathetic ophthalmia, 438 
to counteract mydriatics, 62 
Pince ciseaux, 974, 975, 981 
Pinguecula, 135, 137 
Pirquet’s method, 70 
Pityriasis of conjunctiva, 204 
Placido’s keratoscope (or disk), 237, 331, 898 
Plasmoma, 226 
Plica semilunaris, 137 
diseases of, 280 
Pneumobacillus, 36, 143 ; > 
Pneumococcus causing acute conjunctivitis, 142, 
143, 160, 191 Lae A 
causing purulent chorioiditis and retinitis, 
36, 421 
causing uleus serpens and corneal ulcers, 
257, 258, 271, 272 
complement-fixation test for, 69 
in normal conjunctival sac, 31 
ulcer, 257, 272 
vaccine, 71 
Pneumoniez causing iritis, 426 
causing optic neuritis, 621 
causing purulent chorioiditis, 471 
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Point, corresponding, 731 
far, 853, 856, 559 
far, of convergence, 721 
near, 853, 857, 859 
of convergence, 721 
nodal, 840 
pressure, 688 
Poisons producing cataract, 12, 546, 547 
eroud ucing miosis and mydriasis, 387-389 
producing nystagmus, 800 
producing optic neuritis, 621 
producing paralysis and insufficiency of ac- 
commodation, 387, 906, 909 
producing paralysis of eye muscles, 754, 909 
producing toxic amblyopia, 627 
Polioencephalitis superior causing ophthalmo- 
plegia, 754 
Polycythemia, 571 
Polyopia monocularis in cataract, 527 
Polypi of conjunctiva, 225 
Pomegranate-root bark causing toxic amblyopia, 
628 
Portio orbitalis, 652 
palpebralis, 650 
Position of equilibrium, 718, 760 
primary, 718 
secondary, 718 
Post-cycloplegic test, 882, 902 
Posterior chamber, 374 
changes in, in iritis, 415 
exudation into, 401, 404, 409, 415 
Potassium chlorate, poisoning by, 628 
permanganate, 158 
Powders for use in eye, 60 
Pray’s test types, 894 
Pre-auricular lymph-gland, enlargement of, 43 
Precipitates on cornea, 399, 414 
Pregnancy causing increase of keratoconus, 331 
causing optic neuritis, 28, 621 
causing retinitis albuminurica, 578 
Preretinal hemorrhage, 571 
Presbyopia, 861 
correction of, 862 
delayed, 910 
formerly confounded with hypermetropia, 878 
occuriing early in hy permetropia, 885 
occurring late in myopia, 868 
premature, 905 
Pressure, intra-ocular, 16 
Pressure bandage, see BANDAGE, PRESSURB 
Pressure points, 688 
Priestley Smith's keratometer, 80 
lamp, 79 
tape test, 769 
theory of glaucoma, 505, 508 
Primary position, 718 
Prince's forceps, 1009 
method of advancement, 1017 
permanent drain for glaucoma, 986 
Principal meridians, 889, 896 
rays, 840 
Prisms, 836 
amount of deflection produced by, 766 
direction of, how indicated in preseriptions, 
835 
exercise with, 794, 907 
tor constant wear in diplopia, 757, 794 
for measuring heterophona and squint, 765 
for measuring pa aralysis, 746, 748 
overcoming of, 734, 794 
Prism-convergence, 776, 778 
Prism-dioptry, 886 
Prism-divergence, 777, 778 
Probes, lac oN mi ul, 931, 932, 983 
Projection, 726, 731 
false, 116, 738, 758, 764, 770 
lines of, 726 
of field of vision, 116-118 
test, 738, 774 
Prophylaxis i in conjunctivitis, 145, 157, 161, 190 
in detachment of retina, 596 
in diphtherial conjunctivitis, 190 
in gonorrheal cea 157 
in myopia, 876, 
in ophthalmia PMI Re oR 161 
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Prophylaxis in smallpox, 275 
in sympathetic ophthalmia, 437 
in trachoma, 186 
in ulcus serpens, 275 
of eye injuries, 351 
Protanopia, 636 
Protargol, 145, 146, 151, 161 
Protective bandage, see BANDAGE 
Protective glasses, 53, 207 
Proteus fluorescens, 277 
Prothesis, 1025 
Psammoma, 823 
Psammo-sarcoma, 631 
Pseudo-eysts, 446 
Pseudo-glioma, cp 468, 599 
Pseudo-heredity, 4 
Poaceae diagrams, 641 
Pseudoleuchemic iritis, 447 
tumors, 823 
Pseudoneuritis, 98 
Pseudo-nystagmus, 798 
Pseudoplasms, 824 
Pseudo-pterygium, 216 
Pseudo-ptosis, 688, 692, 693 
Pseudo-sarcoma, 475 
Pseudo-tumors, 824 
Psoriasis of conjunctiva, 204 
Pterygium, 213 
carnosum, 215 
cicatricial, 216 
ecrassum, 215 
membranaceum, 215 
operation for, 937 
progressive, 214 
sarcomatosum, 215 
simulated by pannus, 217 
stationary, 214 
tenue, 215 
vasculosum, 215 
Ptomaines producing mydriasis and paralysis of 
accommodation, 450, 909 
Ptosis, 690 
acquired, 691, 692 
adiposa, 665 
alternating in movements of eye, 691 
apparent, 688, 692, 693 
congenital, 691 
cortical, 753 
false, 688, 692, 693 
in paralysis of, sympathetic, 451 
in trachoma, 172 
myopathica, 692 
occurring only in abduction or adduction, 691, 
692 
operations for, 963 
treatment of, 691, 692 
Puerperal fever causing suppurative chorioiditis, 
471 
Pulsation in vessels of optic nerve, 99 
Punch operation, 986 
Punctum lacrimale, 699 
absence and duplication of, 703 
cauterization of, 934 
eversion of, 668, 706 
ligature of, 934 
obliteration of, by operation, 934 
occlusion and stricture of, 706 
proximum, 853 
remotum, 853 
Puncture, see PARACENTESIS 
Pupil, 363, 382 
Argyll-Robertson, 386, 431 
artificial, situation of, in iridectomy for 
various purposes, 979, 980, 981 
vision with, 978 
cat’s-eye, 981 
contraction of, 
sight, 685 
causing lessened sight, 383, 635 
causing pain, 21, 389 
from action of light, 383 
governed by oculo-motor nerve, 382 
In convergence and accommodation, 81, 


causing improvement in 


oe 


pathological, see Mrosis 
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Pupil, produced by escape of aqueous, 382 
produced by ocular irritation, 386 
_crater-shaped, 408 

eyclie contraction of, 452 
dilatation of, causing dazzling, 23, 383 
causing impairment of sight, 635 
causing improvement of sight, 635 
eausing increase of tension, 493, 507 
governed by sympathetic, 382 
necessary for diagnosticating synechise 
and seclusio pupille, 401, 403 
necessary for examining fundus, 92 
pathological, see MyprIAsis 
produced by atropine, 388 
produced by cocaine, 389 
produced hy homatropine, 388 
, produced by sensory stimuli, 386 
displacement ot, 454 
distortion of, in synechiz, iridodialysis, and 
prolapse of iris, 317, 401, 440, 921 
double, causing monocular diplopia, 735 
produced in iridectomy, 974 
eccentric (or ectopic), 454 
vision with, 978 
examination of, 80, 81 
inequality of, 385, 387, 450, 452 
luminosity of, 90 
measurement of, 80 
occlusion of, 399, 403, 409 
reaction of, associated, 387 
consensual, 81, 383 
convergence, 81, 387 
cortical, 383 
direct, 81 
hemiopic, 82, 614, 755 
how examined, 81 
lid-, 387 
nervous mechanism of, 382, 383 
palpebral, 387 
reflex, 353 
sensory, 386 
to convergence and accommodation, 81, 


387 
to light, $1, 383 
to light, absence of, 385 
to light, an evidence of light percep- 
tion, 383, 386 
to light, persistence of, in amaurosis, 386 
to light in seclusio pupille, 404 
to poisons, 387 
to sensory stimuli, 81, 386 
seclusion of, 402, 408, 439 
size and shape of, influencing character ot 
diffusion images, 850 
size of, how varying, 387 ‘ 
size of, relation to hemeralopia and nycta- 
lopia, 635 
Pupillary distance, 76 
membrane, 394 
persistent, 452 
zone, 364 
Pupilloscopy, 107 
Purkinje-Sanson reflex images, 82 
Purpura causing hemorrhages, 573 
causing iritis, 426 : 
Pustular catarrh, 141 } 
Pyemia causing metastatic ophthalmia, 471 
causing orbital cellulitis, 811 
causing retinitis, 575 : 
causing thrombosis of cavernous sinus, 813 


Pe Q 
Quinine, 189 
amblyopia, 627 
causing nystagmus, 800 
R 
Radiotherapy, see ACTINOTHERAPY 
Radium producing injury to eye, 24 
treatment with, see ACTINOTHERAPY 
Reaching test, 738 
Reaction, focal, 70, 446 
local, 70 
of pupil, see Puprt, REACTION OF 
Reading, glasses for, 862, 875, 876, 887, 902 
in vertical lines, 801 


Recklinghausen’s disease, 499 
juice-canals, 7 
Reclinatio cataract, 1002 
Rectus, external, 712 
action of, 656, 715, 718, 719, 720 
advancement of, 1015, 1021, 1023 
insufficiency of (so-called), see Eso- 
PHORIA 
paralysis of, 739, 742, 744, 748, 749, 751, 
1023 
spasm of, 758 
: tenotomy of, 1010, 101i, 1021, 1022 
inferior, 712 
action of, 656, 716, 718, 719, 720 
advancement of, 1023 
advancement of, causing contraction of 
palr-bral fissure, 656 
aati of, 742, 744, 748, 749, 751, 756, 


spasm of, 758 
tenotomy of, 1010, 1023 
tenotomy of, causing dilatation of pal- 
; pebral fissure, 656 
internal, 712 
action of, 656, 715, 718, 719, 720 
advancement of, 1021 
insufficiency of (so-called), see Exo- 
PHORIA ; 
paralysis of, 624, 744, 748, 749, 751, 1023 
spasm of, 758 
tenotomy of, 1008, 1020, 1021 
tenotomy of, causing divergent squint, 
1014, 1021 
lateralis, 712 
medialis, 712 
superior, 712 
action of, 656, 715, 717, 718, 719, 720 
advancement of, 1019, 1022, 1023 
advancement of, causing contraction of 
palpebral fissure, 656 
congenital absence of, 756 
paralvsis of, 624, 742, 744, 748, 749, 751, 
757, 1023 
spasm of, 758 
tenotomy of, 1010, 1022, 1023 
tenotomy of, causing dilatation of pal- 
pebral fissure, 656 
used to replace levator palpebre, 966 
Red, diminished perception of, a sign of optic- 
nerve disease, 125, 626, 629 
blindness, 636, 637, 640 
glass, test with, 770 
Red-green blindness, 639 
visual substance, 639 
Redress, movement of, 761 
Reese’s operation, 1017, 1018 
Reflex, corneal, 77, 94 
cortical, 383 
from retinal vessels, 99 
lenticular, 82 
lid, 387 
light, 81, 383 
pupillary, see Purrz, REACTION OF 
sensory (or skin), 81, 3 
watered-silk, 102 
Reflexless ophthalmoscope, 90 
Refracting media, examination of, 92 
Refraction of eye, 840 
anomalies of, 828 
correction of, in motor disorders of eye, 791 
correction of, rules for, 902 
cycloplegics in determination of, 901 
determination of, by direct method, 103 
by inverted image, 106 
by objective methods, 103, 106, 107, 
111, 894 
by ophthaJmometer, 894 
by ophthalmoscope, 103 
by optometer, 806 
by skiascopy (or shadow test), 107 
by subjective methods, 865, 882, 892, 900 
tested with reference to central vision, 113 
Refractive power of eye, diminishing in age, 861, 
Qo 


SO 


how decreased by cataract extraction, 1000 
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Region of accommodation, 853 
of transition, 134 
Region, papillo-macular, 606 
Reisinger’s double hook, 999 
Relapsing fever causing “hemorrhages, 5/3 
causing iritis, 426 
Resection, 1017, 1018 
Resorcin, 670 
Retina, 10, 565 
adaptation of, 127 
anemia of, 573 
anatomy of, 565 
aneurysms in, 571 
angioid streaks in, 589 
angiomatosis of, 583 
aplasia of, 599 
appearance of, with ophthalmoscope, 102 
arteriosclerosis of, 571 ‘ 
arteries of, how distinguished from veins, 99 
atrophy of, 585, 589 
gyrate, 589 
total, 589 
carcinoma of, 599 
changes of, in myopia, 465, 583, 870 
coloboma ot, 481 
concussion of, 599 
congenital anomalies of, 481, 583, 597, 599 
cyanosis of, 571 
cysticercus of, 591 
cystoid degeneration of, 589 
degenerations of, 586, 588 
detachment of, 9, 590 
development of, 391 
diseases of, 565 
echinococcus of, 591 
embolism of, 572, 573 
entozoa of, 591 
filaria in, 591 
function of, 569 
glioma of, 596 
hemorrhages into, 571 
hemorrhages into, causing glaucoma, 518, 
576 
histology of, 566 
holes in, 583 
hyperemia of, 570, 571 
inflammation of, see RETINITIS 
injuries of, 573, 582, 583, 599 
liphemia of, 581 
medullated nerve fibers in, 39, 565 
new-formed blood-vessels in, 577, 582 
nutrition of, how effected, 10 
cedema of, 599 
opacity of, from presence of medullated 
nerve fibers, 565 
physiology of, 565 
pigmentary degeneration of, 586 
position of, influencing character of astig- 
matism, 892 
position of, influencing size and shape of 
diffusion images, 849 
re-attachment of, after detachment, 593 
rupture of, 591, 
sarcoma of, 599 
sensitiveness of, in periphery, 113, 125 
sensitiveness of, in cataract, etc., how de- 
termined, 845, 977 
situated in’ focal plane of normal eye, 840 
spasm of arteries in, 573, 575 
tapeto-retinal degeneration of, 588 
thrombosis of, 575 
torpor of, 684 
tuberculosis of, 573, 582 
tumors of, 596 
vascular disturbances of, 11, 570 
varicosities in, 571 
vessels of, 10, 569 
vessels of, how distinguished from those of 
chorioid, 103 
vessels of, pulsation in, 99 
Retinitis, 577 
albuminurica, 578 
anatomical changes in, 589 
atrophicans centralis, 583 
cachecticorum, 580 
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Retinitis circinata, 584 
course of, 577 
diabetica, 580 
electric, 583 
embolic, 575 
etiology of, 577 
exudativa, 583 
from dazzling, 583 
hemorrhagica, 581 
externa, 584 
Hippel’s, 583 
leuchemic, 581 
metamorphopsia in, 125, 465, 577 
metastatic, 420, 575 
morbid anatomy of, 589 
naphthalinic, 547 
nephritic, 28, 578 
oxaluric, 581 
pigmentosa, 586 
pigmentosa sine pigmento, 587 
proliferans, 582 
pseudonephritic, 579 
punctata albescens, 588 
purulent, 416, 575 
pyemiec, 575 
septica, 581 
solar (from sun light), 22, 583 
stellata, 579 
striata, 594 
suppurative, 416, 575 
symptoms of, 577 
syphilitica, 580, 582 
traumatic, 580, 582 
treatment of, 584 
varieties of, 578 
with massive exudation, 583 
Retino-chorioiditis, 465, 578 
Retinoscopy, 107 
Retraction movement of eye in congenital paral- 
ysis, 757 
Retractor, 917 
Retrotarsal fold, 134 
excision of, 942 
excision of, with tarsectomy, 950 
Reverdin’s skin grafts, 961, 962 + 
Reversing glass, 109 
Rhaphania, cataract in, 547 
Rhaphe palpebralis lateralis, 650 
Rheumatic iritis, 425 
paralyses of eve muscles, 690, 756 
Rhinitis causing chronic dacryocystitis, 705 
Rhytidosis corner, 237 
Rickets in lamellar cataract, 533, 535 
Riders, 533 : 
Right-handed persons right-seeing not right- 
eyed, 610 
Ring, chorioidal, 96 
connective-tissue, 95 
pigment, 96 
scleral, 95 
Ring’s mask, 925, 926 
Ripening of cataract, 540 
artificial, 998 
Rodeur, the slave ship, trachoma on, 179 
Rods and cones of retina, 566, 570 
Roller forceps, 936 
Romershausen’s collyrium, 150 
Réntgen rays, see X- Rays 
Rotators, lateral, 720 
left, 720 
right, 720 
Ruete first employing concave mirror in ophthal- 
moscopy, 88 
Ruptura chorioider, 473 
cornee, 308 
retine, 591 
sclere, 341 
Ruysch’s membrane, 376 
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Saccus lacrimalis, 699 

Sachs’s transilluminator, 94 

Saemisch’s incision for ulcus serpens, 275, 968 
Sagittal axis, 715 
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Salicylates and other salicyl compounds, 4 
"436, 438, 622, 624, 670, 671, 757 3 
Salicylates causing toxic amblyopia, 628 
Salt solution in eye operations, 914 
for subconjunctival injections, see Sus- 
CONJUNCTIVAL INJECTIONS 
Salvarsan, 71, 298, 435, 438, 627 
neuro-recidive after, 621, 627 
Samoan conjunctivitis, 142, 143 
Sarcine, 143 
Sarcoma, 226, 228, 332, 362, 448, 449, 474, 599, 
631, 696, 710, 823 
Sattler’s operation for trachoma, 936 
Savage's tendon tucking, 1019 
Searifieation of conjunctiva in gonorrhceal con- 
junctivitis, 160 
Searlet fever causing optic neuritis, 621 
causing orbital cellulitis, 811 
causing purulent chorioiditis, 471 
causing retinitis albuminurica, 578 
causing ulcus serpens, 272 
Scarpa’s staphyloma posticum, 357 
Scheiner’s experiment, 735 
Schiétz’s tonometer, $3 
Schlemm’s canal, 372, 381 
absence of, 509, 519 
disappearance of, 502 
laceration of, 443 
Schmidt and Manz’s theory of optic neuritis, 618 
Schmidt-Rimpler’s determination of refraction 
with inverted image, 106 
test for simulation, 128 
Schnabel’s theory of glaucoma, 497, 508 
theory of myopia, 875 
Schools, myopia in, 874 
Scissors forceps, 974, 975, 981 
for enucleation, 1009 
for iridectomy and iridotomy, 975 
for strabismus operation, 1009 
movement, 110 
Sclera, 333 
anatomy of, 333 
cauterization of, 595 
changes of, in glaucoma, 502 
changes of, in myopia, 357, 462, 869, 870 
congenital anomalies of, 333, 360 
development of, 395 
diseases of, 333 
ectasie# of, 356 
causing glaucoma, 360, 517 
inflammation of, 334 
injuries of, 339 
nutrition of, 6 
paracentesis of, 512, 595, 983, 1005 
perforation of, in tenotomy, 1015 
physiology of, 3 
pigmentation of, 362 
rupture of, 341-344 
scars of, causing detachment of retina, 595 
staphyloma of, see STAPHYLOMA 
suture of, 352 
thinning of,inscleritisand staphyloma,336,361 
trephining of, 984 
tumors of, 362 
ulcers of, 362 
Scleral circle, 382 
ring, 96 
spur, 373 
Sclerectomy, 473, 511, 512, 520, 983, 984 
Scleritis, deep, 336 
posterior, 337 
superficial, 334 
Sclero-chorioiditis, 337 
posterior, 835 
Scleronyxis, 990 4 
Sclerosis, disseminated, causing eye disease, 621, 
625, 626, 756, 800 
of chorioid, 472 
of cornea, 315 
of lens, 521 
nuclear, 538 
total, 545 
Sclerostomy, 984 
Sclerotico-chorioidal canal, 567 
Sclerotico-chorioiditis posterior, 835 


Sclerotomia anterior, 983 
posterior, 1005 
Sclerotomy, 512, 595, 983, 1005 
Scoop, Daviel’s, 992 
Scopolamine, 61, 388> 
for determining refraction, 901 
Scotoma, 121 
absolute, 124 
eon 123, 488, 586 
central, 22, 122, 123, 457, 466, 488, i 
629, 635 , ’ 614, 623, 
color-, 124, 629 
hemiopic, 614 
in chorioiditis, 465 
in glaucoma, 488 
in hysteria 644 
in retinitis and retinal atrophy, 577, 586 
in retrobulbar neuritis, 623 
in toxic amblyopia, 629 
mapping of, 124 
motile, 123 
negative, 123 
paracentral, 614 
peripheral, 122 
positive, 123 
relative, 124 
ring-, 123, 488, 586 
scintillans, 643 
Scotopia, 127 
Screen, Bjerrum’s, 116, 488, 746 
Screen test, 737, 745, 760, 761, 767, 775 
Scrofulous chorioiditis, 466 
conjunctivitis, 198 
dacryocystitis, 705 
diathesis, signs of, 198 
infiltrates in cornea, 302 
keratitis, see CONJUNCTIVITIS EczEMATOSA 
scleritis, 339 
ulcers of ‘ids, 661 
Scurvy causing hemorrhages, 573, 695, 815 
infantile, with exophthalmus, 815 
Searching movements, 798 
Seborrhcea of lids, 669 
Seclusio pupillew, 402, 408, 439 
causing glaucoma, 403, 518 
treatment of, 439 
Second sight, 528 
Secondary position, 718 
Sections, see INcIs10Ns 
Semi-decussation, 609 
Semilunar fold, see PLicA SEMILUNARIS 
Sensory stimuli, reaction of pupil to, 386 
Sepsis, retinal hemorrhages in, 573 
Septic retinitis, 581 
Septum orbitale, 653 
Serpent ulcer, see ULcvs SuRPENS 
Serpiginous ulcers ot cornea, 248, 261 
Serum, autogenous, 68, 275 
diphtheria, 69 
multivalent, 68 
therapy, 68 
Seton drainage, 986 
Sewer gas causing nystagmus, 800 
Shadow test, 107 
of cataract, 539 
Shellac workers, toxic amblyopia in, 628 
Sherrington’s law, 785 
Short-sightedness, see Myopra 
Sideroscope, 347, 348 
Siderosis bulbi, 350 
Sight, see VISION . 
Silver nitrate, discoloration produced by, 146 
excessive use of, bad effects of, 144, 146 
in blepharitis ulcerosa, 671 
in conjunctivitis, 145, 146, 149, 151, 158, 
159, 161, 190, 914 
in eczema of face, 201 
in eczema of lids, 560 
in trachoma, 182 
in ulcers of cornea, 262 
method of application of, 144, 146 
rationale of action in conjunctival dis- 
ease, 146 
specific action of, 66 
Silver salts, new, see ARGYROL, PROTARGOL 
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Simulation of blindness, 127 
Single stitch advancement, 1016, 1017 
Single vision, binocular, 727 
Sinuitis, 824 
causing orbital cellulitis, 811, 825 ? 
causing retrobulbar neuritis and paralyses, 
624, 825 : 
causing thrombosis of cavernous sinus, 813 
Sinus, cavernous, thrombosis of, 664, 812 
of anterior chamber, 372 
venosus sclerzs, 372 
Sinuses, accessory, disease of, 27, 47, 67, 425, 428, 
621, 624, 646, 811, S24 
Sinusitis, see SrNvITIS 
Site of coloboma in optical iridectomy, 978 
of lesion eeeaae paralysis, how diagnosti- 
cated, 7 
of lesion, CF eon by changes in the 
field, 6 
of ea how diagnosticated, 93, 94 
Sixth nerve, see ABDUCENS NERVE 
Skiagrams in case of foreign bodies, 347 
Skiascope, 109 
Skiascopy, 107 
Skin-grafting, 961 
Skin (or sensory) reflex, 81, 386 d : 
Skull, fracture of, causing ecchymosis of lids, 695 
causing optic-nerve atrophy, 631 - 
causing paralysis of eye muscles, 690,755 
Suan of, causing nerve, 621 
peaked (or tower), 6 
Smallpox formerly a frequent cause of blindness,276 
producing conjunctivitis, 202 
iritis, 426 
optic neuritis, 621 
orbital cellulitis, 811 
purulent chorioiditis, 471 
ulcus serpens, 272, 275 
vitiligo iridis, 411 
Smith’s (Major) extraction of cataract in cap- 


sule, 997 
method of removing dislocated lenses, 
1005 


Smith’s s (Homer) preliminary capsulotomy, 998 
Sneezing caused by photophobia, 143 
how to prevent, 55 
Snellen’s mask, 925 
operation for symblepharon, 941 
for trichiasis, 949, 952 
reform artificial eyes, 1026 
suture for ectropion, 957 
for entropion, 956 
tenotomy, 1011 
test types, 848, 846 
for detecting simulants, 129 
Snow blindness, 24 
Soap in blepharitis, 671 
Sodium citrate in glaucoma, 517 
Soemmering’s crystalline swelling, 1000 
Solutions for use in eye, 59 
Sound eye, atropinization or bandaging of, in 
squint to enforce fixation in squinting 
eye, 792 
how protected in contagious conjunctivitis, 
145, 158, 186, 190 
when requiring enucleation, 1030 
Sounding, 932 
Sounds, lachrymal, 932, 933 
Space, cireumlental, 505 
intervaginal, 16, 605 
orientation in, 726, 731, 732 
perception, theory of, 731 
perichorioidal, 
sense, 113 
subarachnoid, 605 
subdural, 605 
supravaginal, 16 
Tenon’s, 16 
visual, 732 
Spasm, conjugate, 753, 796 é 
of accommodation, 909 
ot convergence, 781 
of dilat ator pupille, 450 
of lateral movements, 796 
of lids, see BLPPHAROSPASM 
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Spasm of musculus tarsalis superior, 693 
of ocular muscles, 758, 796, 798 
of orbicularis, see BLEPHAROSPASM 
of retinal arteries, 573, 575 
of sphincter iridis, 3389, 450, 451 
Spasmus nutans, 800 
Spatula, 992 
Spectroscope in testing color blindness, 641 
Specula, 917, 925 
Sphere, visual, 607 
Spheres of Morgagni, 529 
Spherical lens, 835 
Sphincter iridis (or pupille), 366 
angle of, 921 
paralysis of, 387, 450, 451, 743 
spasm of, 389, 450, 451 
palpebrarum, 650 
Spinal amaurosis, 632 
atrophy of optic nerve, 625 
disease, neuritis in, 621 
miosis, 451 
Spirocheta pallida, 37, 69, 621 
Spongy exudate in anterior chamber, 399 
iritis, 399 
Sporotrichosis of conjunctiva, 210, 706 
Spot, interpalpebral, 136 
yellow, see MacuLta Lutes 
Spring catarrh, 204 
Squeezing for trachoma, 936 
Squint, see STRABISMUS 
Squint hook, 1009 
“Staar,” origin and various applications of the 
term, 525 
Squirrel plague conjunctivitis, 141 
Stanculeanu’s extraction in capsule, 997 
Staphylococci causing conjunetivitis, 143, 189 
causing iritis, 421, 422 
ceuane purulent chorioiditis and retinitis, 
4: 
complement-fixation test for, 69 
in diphtheria of conjunctiva, 189 
in normal conjunctival sac, 3] 
vaccine, 71 
Staphyloma (of cornea), 254, 321, 322 
anatomy of, 323 
conical, 322, 323 
etiology of, 325 
increase of tension in, 327 
operations for, 969, 980 
partial, 323 
pellucidum, 321 
primary, 325 
racemosum, 322 
secondary, 326 
spherical, 322, 323 
total, 322 
treatment of, 328, 968, 969 
(of sclera), 357 
annular, 357, 461 
anterior, 357 
ciliary, 359 
equatorial, 357 
interealary, 359 
posterior, 357, 461, 462 
posticum (Scarpa), 357, 461, 462 
rupture of, 32 ’ 
verum, 463 
Star of lens, 523 
Statometer, 807 
oe in treatment of cicatrizing ulcer of cornea, 
266 
Stellate figure of lens, 523 
Stellwag’s operation for entropion, 956 
operation for sy mblepharon, 941 
symptom in Basedow's disease, 817 
theory of glaucoma, 507 
Stenopmic aperture for showing musce 
tantes, 561 
aperture, vision with, 850 
slit in testing for a ee 893 
spectacles, 321, 332, 83 
Stereoscope, 773, 798 
Stereose opic vision, Stereopsis, 728 
absent in strabismus, 764 
tests for, 728 


voli- 
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Stevens's phorometer, 772 
clinometer, 774 
partial tenotomy, 1013 
Stevens’s tenotomy hcok, 1009 
tenotomy scissors, 1009 
tropometer, 774 
Stillicidium, 704 
Stilling’s knife, 931,933 : 
pseudo-isochromatie diagrams, 641 
_ theory of myopia, 875 
Stimulus, minimum (of light sense), 127 
Stop, pear-shaped, to determine site of iridec- 
tomy, 535, 979 
Stovaine, 64 
Strabismus, 760 
alternans (alternating), 762, 768 
apparent, 766 
binocular nature of, 789 
concomitans (comitant), 760, 763 
constant, 763 
continuous, 763, 787 
convergens, 762, 779 
deorsumvergens, 762 
development of, 757, 781, 784, 785, 787,788,904 
differentiation of, from orthophoria, 766, 767 
differentiation of, from heterophoria, 768 
diplopia in, 763, 764, 782, 787, 790 
divergens, 762, 782, 784, 785 
developing from convergent squint, 1020 
dynamic, 761 
etiology of, 785-789 
excursion-range of eyes in, 774, 782, 785 
field of vision in, 765 
intermittent, 763 
latent, 761 
manifest, 761 
measurement of, 767-769 
monocular, 762 / 
muscle changes in, 782, 785 
operation for, 795, 1008 
indications for, 1020 
paralyticus, 736 
periodic, 763 ay. 
primary and secondary deviation in, 767, 768 
spontaneous cure of, 781, 786 
suppression in, 763, 764, 770, 773 
ursumvergens, 762 
symptoms of, 790 
treatment of, 791 
unilateral, 762 
varieties of, 762 
vertical, 762, 789 
vision in, 763 
Strabismus forceps, 1009 
Strabismus hook, 1009 
Strabismus scissors, 1009 : 
Stramonium producing toxic amblyopia, 630 
Strangulation of pterygium, 939 
Streak, reflex, 99 ’ a. 
Streptococcus causing acute conjunctivitis, 143, 
189, 191 
causing iritis, 422, 425, 428 | see 
causing purulent chorioiditis and retinitis, 
36, 421 
complement-fixation test for, 69 
in diphtheria of the conjunctiva, 189, 191 
in normal conjunctival sac, 31 
/ vaccine, 71 
Streptothrix, 706 ; 
Stroma pigment, 378 
Strychnine, 66, 282, 627, 645 
Sty, 672 
Subarachnoid space, 605 | 
cee oncp tral a agua 212 
emphysema, 223 p 
injections, 65, 263, 274, 298, 300, 341, 435, 
466, 560, 585, 915 
cedema, 221 
Subconjunctivitis, 336 
Subdural space, 605 
Subhyaloid hemorrhage, 571 Z 
Sublimate as antiseptic, 913, 914, 915 
in diphtherial conjunctivitis, 190 
in trachoma, 183 x 
intramuscular injection of, 298, 435 
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Sublimate, subconjunctival injection of, see Sus- 
CONJUNCTIVAL INJECTIONS 
Subtarsal groove, see Sutcus SuBraRsALis 
Suffusio, 525 
Sulcus subtarsalis, 134, 169, 175 
Sulphonal causing nystagmus, 800 
Supercilium, 647 
eg ae haa crescent, 459, 461 
Suppression (or exclusion) of image in diplopia 
741, 763, 764, 770, 773, 775 ee 
Suppuration after eye operations, 929 
Suprachorioid, 375 
Suprarenal extract, 64 
Suprarenin, 64 
Supravaginal space, 16 
Suspensory ligament of lens, 521 
Suture, Gaillard s for entropion, 955 
Snellen’s, for ectropion, 957 
Snellen’s, for entropion, 956 
tobacco-bag, 970, 1024 
Sweet’s apparatus, 347 
Symblepharon, 217 
anterius, 218, 939 
operations for, 939 
posierius, 176, 218, 939 
prevention of, in diphtheria and wounds of 
conjunctiva, 190, 212 
totale, 218, 940 
Sympathetic chorioiditis, 429 
inflammation (or ophthalmia), 419, 429, 437 
irido-cyclitis, 419, 429, 437 
irritation of eye, 428 
optic neuritis, 429 
Sympathetic nerve, irritation of, 451 
paralysis of, 451 
Symptoms of eye disease, 42 
Synchysis corporis vitrei, 562 
scintillans, 562 
Syncope associated with arterial pulsation in 
retina, 100 
Syndectomy, 942 
Synechia, annular posterior, 402, 408, 409, 439 
anterior, 253, 317 : 
anterior, occurring without perforation of 
cornea, 317 
peripheral anterior, 502 
posterior, 401, 408, 438, 453 
total posterior, 405, 409, 439, 976 
Syphilis, hereditary, signs of, 295, 297 
Syphilitic chorioiditis, 37, 459, 466 
disease of lachrymal gland, 710 | 
disease of nose causing chronic dacryo- 
cystitis, 705 ‘ yeas 
disease of skin causing conjunctivitis, 204 
headache, 48 
iridoplegia, 450 
iritis, 37, 422, 435 
keratitis, 290, 294, 296, 301, 302 
mydriasis, 450 
optic atrophy, 625 
optic neuritis, 621 : 
paralysis of accommodation, 450, 909 
paralysis of ocular muscles, 450, 756 
pseudoplasms in orbit, 824 
periostitis, 809 
retinitis, 580, 582 
scleritis, 339 
sinuitis, 824 
tarsitis, 676 
ulcers of conjunctiva, 210 
ulcers of lids, 662 
Syringe, Anel’s, 704, 707, 930 
McKeown’s, 995 
Syringomyelia, 451, 452, 800 
T 
Tabes, Argyll-Robertson pupil in, 386, 451 
causing paralysis of eye muscles and accom- 
modation, 450, 756, 909 : 
causing paralysis of sympathetic, 452 
causing paralytie miosis, 451 : 
causing simple atrophy of the optic nerve, 
625, 626 
infantile and juvenile, 625 
miosis in, 386, 451, 625 
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Tablets for use in eye, 60 
Tangent plane, 117, 746 
Tangent scale, 774 
Tannin, 150 : 
Tansley-Hunt operation, 966 
Tapeto-retinal degeneration, 588 
Tapetum of the carnivora, 91 
Tar preparations in blepharitis and eczema, 659, 
671 } 
Tarsal arches, inferior and superior, 133, 134 
muscles, 451, 652, 656, 693 
Tarsectomy, 950, 963 
Tarsitis syphilitica, 676 
Tarsorrhaphy, 953 
lateral, 953 
median, 954 
temporary, 955 
Tarsus, 652 
diseases of, 676 
resection of, 950, 963 
straightening of, 949 
Tattooing of cornea, 973 
Tattooing needles, 973 
Tay’s chorioiditis, 457 
Teale’s operation for symblepharon, 941 
Tear duct, see LACHRYMAL Duct 
Tears, bacterifugal action of, 30 
composition of, 703 
conduction of, to nose, 703 
secretion of, 703 
absent and deficient, 711 
excessive, 711 
in xerosis, 220 
Tear sac, see LACHRYMAL Sac 
Teeth, character of; in hereditary syphilis, 295 
character of, in rickets, 535 
disease of, causing eye disease, 27, 67, 425, 
428, 466, 621, 646, 811, 813, 906 
Teichopsia, 643 
Telangiectasis, 696, 821 
Temperature of eye, 6 
effect of hot and cold applications on, 55 
Tendino-extension, 1013 
Tendon folding, 1019 
resection, 1017, 1018 
tucking, 1019 
Tenonitis, 664, 813 
Tenon’s capsule, 714, 805 
inflammation of, 664, 813 
space, 16, 805 
Tenotomy, 1008 
accidents after, 1015 
and advancement compared, 1020 
diplopia after, 764 
effect of, 1008, 1012 
how diminished, 1013 
how estimated, 1008, 1013 
exophthalmus after, 1014 
final result of, 1014 
hook, 1009 
how acting, 1012 
ill effects of, 1014 
indications for, 1020 et seq. 
instruments for, 1009 
partial, 1013 
repeated, unadvisable, 1014 
retraction of lid after, 1014 
scissors, L009 
sinking in, of ecaruncle atter, 1014 
subeonjunctival, 1011 
Tension, intra-ocular, 16 
diminution of, 256, 286, 294, 340, 405, 416 
429, 520, 658, 816 
how affected by mioties and mydriaties, 19 
_ 493, 507, 515 
Increase of, causing ectasiw of sclera, 360 
how causing mydriasis, 501 
how produced in glaucoma, 504, 518 
in chronic irido-cyclitis, 427, 517, 518 
in glaucoma, 484, 504 
In sears of cornea, 318 
in scleritis, 339 
in staphyloma of cornea, 327 
In traumatic cataract, 549 
in tumors of the eye, 474, 518, 596 
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Tension, increase of, objective signs of, 500 
pathology of, 501 . 
relative, 85 . 
why reduced by iridectomy, 511 
in cyclitis, 405, 427 
in detachment of retina, 593 
measurement of, 19, 82 
Tensor tarsi, 652 
chorioidex, 370 
Teratoma, 224, 823 
Tessellated fundus, 103, 376, 457 
Test, binocular, in determining refraction, 882 
comitance, 745, 775 
equilibrium, 771 
confrontation, 114 
diplopia, 746, 770, 775 
excursion, 744, 775 
fixation, 766 
for color blindness, 125, 641 
lantern, 642 
of binocular fixation, 765, 766 
of binocular movement, 765, 775 
of binocular vision, 128, 769 
of convergence, 765, 775 
of color sense, 125, 641 
of coérdinate movements of eyes, 765 
of divergence, 765, 776 
of field of vision, 114 et seq. 
of monocular fixation, 765, 766 
of monocular movement, 765, 773 
of stereoscopic vision, 728 
of vision, 842 
of vision in opacities of media, 845 
parallax, 769 
perimeter, 118, 769 
projection (or reaching), 738 
post-cycloplegic, 882, 902 
red-glass, 770 
screen, 737, 745, 760, 761, 767, 775 
tape, 769 
types, 843 
Arlt’s, 846 
for illiterates, 845 
Hess’s, 843 
international, 843 
Jager’s, 846 
Kichler’s, 846 
Landolt’s, 845 
Pray’s, 894 
Snellen’s, 843, 846 
Snellen’s for detecting malingerers, 129 
with falling bodies, 728 
worsted, 641. For other tests, see HirscH- 
BERQ’S TEST, NAGEL’s TEst, etc. 
Testing, functional, 113 
routine of, in examining the refraction, 865, 
882, 892, 900 
routine of, in muscular cases, 777 
Tetany causing cataract, 533, 548 
causing optic neuritis, 621 
Theobald’s lachrymal probes, 933 
Thermo-cautery, see CAUTERIZATION 
Thermophores, 56 
Thiersch’s graft, 962 
Third nerve, see OcuLo-Moror NERVE 
Thiuret causing toxic amblyopia, 630 
Thomson's lantern for testing color sense, 642 
Thread operation, 1018 
Thrombosis of cavernous sinus, 664, 812 
of central vein, 575 
Thrush fungus causing conjunctivitis, 191 
Thyreoidin causing toxie amblyopia, 630 
Thyroid extract, 262, 299, 436 
care affections of, causing eye trouble, 28, 
26 
Tie convulsif, 689 
Tilting of double images, 730, 750 
Tinetura opii crocata, 150 
Tobacco amblyopia, 628 
Tobaceco-bag suture, 970, 1024 
Todd’s partial tenotomy, 1013 
_. tendon tucking, 1019 
Toilet of the eye in cataract extraction, 995 
Tonogen, 64 ; 
Tonometer, 83 
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Tonsils, infection from, 27, 425, 428, 466, 621, 
646, 813, 906, 909 
Torpor retine, 634 
Térok’s extraction in capsule, 997 
Torsion, 715, 716, 718, 750 
in paralysis, 750 
measurement and tests of, 771, 774 
Torticollis, false produced by eye conditions, 
741, 790 
Toti’s operation, 936 
Tower skull, 621 
Toxic amblyopia, 627 
cataract, 12, 546, 547 
optic neuritis, 621 
paralyses, 754, 906, 909 
Trabeculum sclero-corneale, 312 
sclero-uveale, 372 
Trachoma, 162 
acute, 173, 178 
anatomical characters of, 163-167 
Arlti, 164 
complications of, 169 
complications of, treatment of, 184 
connection with follicular conjunctivitis, 181 
course of, 172 
diagnosis of, 181 
dissemination of, 177, 178 
ectropion in, 175 
endemic in Europe from earliest times, 178 
entropion in, 175 
‘epidemic, 173, 178 
etiology of, 177 
expression in, 936 
folliculare, 165 
gelatinous, 167 
geographical distribution of, 177 
granular form of, 163, 165 
granulosum, 164 
history of, 178 
microbe of, 180 
mixed infection in, 173, 177, 179 
mixtum, 165, 166 
of lachrymal sac, 170, 706 
opacities of cornea in, 176, 315 
operations for, 936, 942, 950 
pannus in, 169, 184 
papillare, 164 
papillary form of, 163 
prophylaxis of, 186 
ptosis in, 172 
sequele of, 174 
sequel#, treatment of, 185 
statistics of, 178, 179 
symblepharon in, 176, 185 
symptoms of, 163 et seq., 172 
tarsus in, 174 
treatment of, 182 
trichiasis in, 175 
ulcers of cornea in, 169, 170, 184, 258 
varieties of, 163 
verum, 164 
xerosis in, 176, 185 
Tract, optic, 607, 609, 614 
hemiopia, 755 
Transfixion of iris, 982 
Transillumination, 94 
Transparency of cornea, how roduced, 4 
Transparency of media, how etermined, 92 
Transplantation of conjunctiva, 942 
of cornea, 972 
of pterygium, 938 
of zone of hair follicles, 946 
Treatment of eye diseases in general, 52; see also 
SpEcIAL VARIETIES 
Tremor of eye, kinds and cause of, 798 
Trephine, corneal, 972, 984 
Trephining of cornea, 972 
of sclero-cornea, 473, 511, 512, 972, 984 
of skull for optic neuritis, 623 
Trichiasis, 668, 676 
development of, in trachoma, 175, 677 
operations for, 944 
Trichophytia of lids, 670 
Trichromates, 640 
Tritanopia, 636 
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Trochlea, 713 
Trochlear nerve, 722, 726 
nucleus. of, 724 
paralysis of, see PARALYsis OF SUPERIOR 
OBLIQUE 
Tropocaine, 64 
Tropometer, 745, 774 
Tscherning’s theory of accommodation, 852 
Tuberculin in diagnosis and treatment, 69, 70, 
201, 436, 446, 449, 479 
Tuberculosis, diagnosticated by injections into 
rabbits’ eyes, 447 
of accessory sinuses, 824 
of brain causing optic neuritis, 621 
of chorioid, 37, 466, 468, 478 
of ciliary body, 447 
of conjunctiva, 199, 208 
of cornea, 5/, 296 
of iris, 37, 426, 436, 446 
of lachrymal gland, 710 
of lachrymal sac, 706 
of lids, 661 
of optic nerve, 621 
of orbit, 809, 824 
of retina, 573, 582 
of sclera, 339, 362 
preanens insufficiency of accommodation, 


producing paralysis of sympathetic, 452 
producing pseudoplasm in orbit, 824 
eee of, to phlyctenular conjunctivitis, 
Tumor cavernosus of lids, 696 
lacrimalis, 704 
Tumors of brain producing optic neuritis and 
atrophy, 619, 620 ! 
of chorioid, 474 : 
of ciliary body, 444, 447, 448, 449 
of conjunctiva, 223 
of cornea, 332 
of eyeball, causing glaucoma, 475, 518, 596 
of eyeball, causing irido-cyclitis, 476, 597 
of eyeball, enucleation for, 1026 
of iris, 444 
oflachrymal gland, 710, 820 
of lids, 695 
of optic nerve, 631 
of orbit, 819, 1029 
of retina, 596 
of sclera, 362 
Tunica vasculosa, 9 
lentis, 394 
Tylosis, 668, 671 
Typhoid causing iritis, 426 
causing orbital cellulitis, 811 
causing purulent chorioiditis, 36, 471 
Tyrrel’s hook, 974, 975, 982 
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Ulcer of conjunctiva, 210 

Uleer of cornea, 240, 248 
asthenic, 249 
atheromatous, 261 
bacteria of, 257 
catarrhal, 141, 258 
caused by acne rosacea, 258 
causing infection of eyeball, 256 
causing keratectasia, 250, 329 
central non-irritative, 258 
chronic serpiginous, 260 
cicatrization of, 242, 249, 253 
cleansed, 240, 249 
coated, 240 
course of, 248 
dendritic, 260 
diagnosis of, 243 
diphtherial, 259 
eczematous, 194, 196, 200, 258 
etiology of, 256 — 
forms of, 240, 258 
foul, 240 
glaucomatous, 261 

Ulcer, gonoribeeal, 259 
healing of, 240, 242 
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Ulcer, herpetic, 259 
infiltrated, 240 
marantic, 261 
marginal, 257, 259 
Mooren’s, see Utcus Ropens Cornea 
paracentesis of, 264 
perforation of, 251 
phlyctenular, 194, 196, 200 
pneumococcus-, 257 
primary, 257 
prognosis of, 250, 261 
progressive, 240, 248 
regressive, 240, 249 
rodent, 260 
secondary, 257 
serpent, see ULcus SERPENS 
serpiginous, 248, 261 
signs of, 248 et seq., 258 
stellate, 260 
symptoms of, 248 
torpid, 249 
trachomatous, 169, 184, 258 
traumatic, 259 
treatment of, 261 
unclean, 248 
uratic, 259 
varieties of, 258 
variolous, 202, 275 
Ulcer of lids, 661, 667 
rodent, 697 
Ulcers of sclera, 362 
Uleus cornez rodens, 260 
cornez septicum (corne® serpens), see ULcus 
SERPENS 
rodens (cornesz), 260 
rodens (of lids), 697 
septicum (cornes), see ULcus SERPENS 
serpens (corne), 266, 968 
Ultra-violet rays, 20 
effect of, on eye, 23 
treatment with, 57 
Umbilical cord, suppuration of, causing chorioidi- 
tis, 471 
Unguentum emolliens in blepharitis, 670, 671 
Unguis, 271 
Urzmic amaurosis, 579 
headache, 47 
Uvea, 8, 363 
anatomy and physiology of, 363 
circulation of, 9, 378 
condition of, in glaucoma, 502 
ectropion of, 454 
function of, 10 
inflammation of, after operations, 929 
metabolism of, 11 
nerves of, 378 
optical function of, 10 
pigment of, 378 
production of-intra-ocular fluids by, 11 
Uveal division of cornea, 235 
pigment, 378 
Uveitis anterior, 288, 293 
Uveo-scleritis, 337 
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Vaccination causing keratitis, 276 
causing purulent chorioiditis, 471 
causing ulcers in conjunctiva and lids, 210 
diminishing blindness from smallpox, 276 
Vaccine, autogenous, 68, 436, 673 
heterogenous, 68 
therapy, 68, 70, 352, 436, 673 
ulcers, 210, 662 
Vaginitis, non-specific, causing conjunctivitis, 157 
Valk’s operation, 1019 
Values of colors, 639 
Valve, Hasner’s, 702 
Monica closure of wounds in oblique incisions, 
Van Millingen’s operation for trichiasis, 951 
Vapor, hot application of, 56, 266 
Vasa hyaloidea, 392 
Vascular fasciculus, 194, 196, 258, 314 
funnel, 99 
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ee of cornea in keratitis, 6, 244, 289, 
29% 
Vein, central, 569, 606 
central, thrombosis of, 575 
Veins, ciliary, 381 
optico-ciliary, 382 
retinal, how distinguished from arteries, 99 
Vena centralis nervi optici, 569 
Vene vorticose, 381 
Venous pulse in vessels of optie nerve, 100 
Verhoeff’s astigmatic chart, 893, 894 
dacryocystectomy, 935 
method of advancement, 1017 
operation for a new fornix, 941 
partial tenotomy, 1013 
Vernal catarrh, 204 
Vertical axis, 715 
Vertigo, 48-51, 740, 758, 801, 906 
Vesicle, lens, 390 
primitive ocular, 390 
secondary ocular, 390 
Vesicles upon cornea, 284, 287 
Vesicular catarrh of conjunctiva, 141 
keratitis, 284, 286, 287 
Vessels of chorioid, etce., see BLOOD-VESsELS 
Violet blindness, 636, 640 
Vision after cataract extraction, 1000 
binocular, 727 
central, 113 
direct, 113 
disturbances of, in hysteria and neuras- 
thenia, 354, 644, 646 
disturbances of, without apparent lesion, 632 
double, see DrpLopra 
effect of loss of, on earning power, 355) 
exercises of, in strabismus, etc., 792 
field of, see FreLp 
frontal, 612 
in astigmatism, 890, 891 
in cataract, 527, 534, 536, 540 
in opacities of vitreous, variations of, 562 
in strabismus, 763 
indirect, 113 
lateral, 612 
monocular, 727 
peripheral, 113 
qualitative, 845 
quantitative, 845 
a of, spontaneous,in cataract, 530, 
single, 727 
solid, 728 
stereoscopic, 728 
tests of, 728 
tests of, 842 
with eccentric pupil, 978 
Visual acuity, 841 
absolute, 847 
importance of determining, in case 
of eye diseases, 847 
at near points, 847 
diminishing with age, 846 
diminution of, simulating and pro- 
ducing myopia, 320, 536, 886 
how impaired by diffusion circles, 848 
how recorded, 843, 845 
increased by exercise, 793 
relative, 847 
standards of, 846, 847 
pres with reference to central vision, 
tests for, 842 
tests for, in opacities of the refracting 
media, 845 
angle, 842 
area, 110 
centers, 607 
field, see FrrLp oF Visron 
purple, 565, 570 
sensations, law governing cerebral localiza- 
tion of 609 
space, 732 
sphere, 607 
Visual substances, 570 
Vitiligo iridis, 411 
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Vitreous chamber, cysts of, 444 
_ Operations on, 1005 
Vitreous humor, 559 
abscess of, 417, 468 
anatomy of, 559 
artificial, 596 
cells, 559 
central canal of, 16, 392, 559 
changes in, in iritis, 411, 415, 417 
coloboma of, 564 
congenital anomalies of, 564 
eysticercus in, 563 
detachment of, 564 
development of, 391 
disease of, causing detachment of retina, 594 
diseases of, 560 
dust, 561 
echinococcus of, 563 
entozoa in, 563 
exudation into, 405, 411, 415, 561, 562 
favoring the growth of germs, 34 
filaria in, 563 
foreign bodies in, 563 
hemorrhages into, 341, 560, 562 
liquefaction of, 562 
loss of, in operations, 923, 924, 976,998 
luxation ot lens into, 555 
opacities of, 560 
produced by orbiculus ciliaris, 13 
suppuration in, 417 
synchysis of, 562 
Vitreous lamina of chorioid, 377 
of ciliary body, 371 
Von Blascovicz’s operation, 942, 950 
Von Graefe’s cystitome, 994 
discovery of value of iridectomy in glaucoma, 
485, 510 
equilibrium test, 771 
lid reaction, 387 
linear knife, 992, 1004 
uses of, 968, 974, 981, 991, 992, 993, 1004 
method of cataract extraction, 1003 
method of performing advancement, 1018 
method of performing tenotomy, 1008 
operation for entropion, 957 
operation for ptosis, 963 
partial tenotomy, 1013 
reaching test, 738 
symptom (in Basedow’s disease), 817, 818 
theory of glaucoma, 507 
theory of myopia, 835 
thread operation, 1018 
Von Walther’s method of tarsorrhaphy, 953 
Vortices of the chorioid, 101 
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Wagner’s operation, 1029 
Waldau’s fixation forceps, 917 
Warlomont’s operation for trichiasis, 949 
Warm applications, see Hor APPLICATIONS 
Warts on lids, 695 
Wassermann test, 71, 296, 424, 449, 662 
Watered-silk reflex, 102 
Watering of eyes, 703 
Watson’s operation for trichiasis, 951 
Weber’s canaliculus knife, 930, 931 
explanation of glaucoma, 508 
loop, 992, 999 
sound, 933 
test of color sense, 642 
Week’s bacillus, 31, 143, 180, 257, 258 
operation for making a new fornix, 941, 942 
Weeping, 703 
bloody, 223, 226 Se 
Weil’s disease causing purulent chorioiditis, 471 
Weiss’s line, 463 ; 
Wenzel’s method of cataract extraction, 998 
Wernicke’s hemiopic pupillary reaction, 614 
West’s operation, 936 — 
Wharton-Jones operation, 961 
Wheel rotation, see TORSION 
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White precipitate ointment in conjunctivitis, 
he ei coryza, and blepharitis, 150, 201, 659, 
ee varnish, 307 
ooping cough, causing insuffici = 
ne g ciency of accom 
causing iritis, 426 
ae optic neuritis, 621 
illiams’s lantern for testin 
Rnd G50 ting color sense, 642 
os habitual, 689 
intergreen oil causing amblyopia 
Wolfe’s gratts, 962 ‘ ate 
operation for symblepharon, 941 
Wolffberg’s test of color sense, 642 
Wood alcohol, poisoning by, 628 
Word blindnes:, 609 
Working capacity, 356 
Worsted test for color blindness, 641 
Worth’s amblyoscope, 773, 776, 777, 793 
method of advancement, 1016, 1017, 1019 
theory of strabismus, 788 
Wounds, endogenous infection of, 38; see also 
OPERATION WOUND 
Wiirdemann’s diaphanoscope, 94 
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Xanthelasma, 695 
Xanthoma, 695 
Xanthopsia, 51 
Xeroform, 206 
Xerophthalmus, 176 
Xerosis, 176, 219 
bacillus of, 31, 220 
conjunctive, 176, 219 
epithelialis, 220 
glabra, 220 
in trachoma, 176, 185 
of cornea, 219, 280 
parenchymatosa, 220 
partialis, 220 
squamosa, 220 
totalis, 220 
treatment of, 185 
X-rays for localizing foreign bodies in eye, 347 
in treatment of eye diseases, 57, 183 
producing eye disease, 24 
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Yankauer’s operation, 936 

Yellow spot, see Macuta LuTEa 

Yellow oxide (or precipitate) ointment, 58, 183, 
200, 266, 298, 335, 670, 671, 673 

Young-Helmholtz’s theory of color perception, 636 
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Zeiss’s glands, 654, 672 
Zeissian sty, 672 
Zentmayer’s operation, 942 
Ziegler’s knife-needle, 982, 988 
needle dilator and probe, 931 
partial tenotomy, 1013 
Zinc oxide ointment, 659 
sulphate in conjunctivitis, 66, 145, 150, 151 
in herpes febrilis cornez, 285 
in uleus serpens, 274 
Zinn, scleral circle of vessels of, 382 
zonula of, 521, 524 
Zona ophthalmica, 285, 657 
Zone, ciliary, 364 
interpalpebral, 648 
nuclear, of lens, 523 
pupillary, 364 
Zonula ciliaris, 521 
Zonula Zinnii, 621, 524 
Zonule of Zinn, 521, 524 
coloboma of, 558 
Zorab’s operation, 986 
Zoster, see Huxrrs ZOSTER 
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